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ADVERTISEMENT.

A New Eprrion of Dr. Quain’s Elements of Ana-
tomy having been called for, the Editors have sought
to introduce such changes as the progress of the
science has rendered necessary. The department of
General Anatomy having made great advances with-
in the last few years, it has been thought best to
write anew the part of the work devoted to that
subject. This has been undertaken by Dr. Sharpey,
—and a portion is now published. The Deseriptive
Anatomy in the present Part has been prepared by
Mr. Quain ; the paragraphs headed ¢ Dissection” and
« Actions of Muscles” being printed from the fourth
edition, with little alteration.

The concluding Part, which will be published as
soon as possible, will contain a Preface by the ldi-
tors, explanatory of the changes they have made.

October, 1843.






ELEMENTS OF ANATOMY.

INTRODUCTION.

Tre material objects which exist in nature belong to two
great divisions; those which are living or which have lived,
and those which neither are nor have ever been endowed with
life. The first division comprehends animals and plants, the
other mineral substances.

In a living animal or plant changes take place and pro-
cesses are carried on which are necessary for the maintenance
of its living state, or for the fulfilment of the ends of its being ;
these are termed its functions, and certain of these functions
being common to all living beings serve among other characters
to distinguish them from inert or mineral substances. Such
are the function of nutrition, by which living beings take
extraneous matter into their bodies and convert it into their
own substance, and, the function of generation or reproduction,
by which they give rise to new individuals of the same kind,
and thus provide for the continuance of their species after their
own limited existence shall have ceased.

But in order that such processes may be carried on, the body
of a living being is constructed with a view to their accomplish-
ment, and its several parts are adapted to the performance of
detcrminate offices. Such a constitution of body is termed
organization, and those natural objects which possess it are
named organized bodies. Animals and plants, being so con-
stituted, are organized bodies, while minerals, not possessing
such a structure, are inorganic.

The object of anatomy, in its most extended sense, is to
ascertain and make known the structure of organized bodies.
But the science is divided according to its subjects ; the investiga-
tion of the structure of plants forms a distinct study under the
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name of Vegetable Anatomy, and the anatomy of the lower
animals is distinguished from that of man or human anatomy
under the name of Comparative Anatomy.

On examining the structure of an organized body, we find
that it is made up of members or organs, through means of
which its functions are executed, such as the root, stem, and
leaves of a plant, and the heart, brain, stomach, or limbs of an
animal ; and further, that these organs are themselves made up
of certain constituent materials named tissues or textures, as the
cellular, woody, and vascular tissues of the vegetable, or the
osseous, muscular, filamentous, vascular, and various others,
which form the animal organs.

Most of the textures occur in more than one organ, and some
of them indeed, as the cellular and vascular, in nearly all, so
that a multitude of organs, and these greatly diversified, are con-
structed out of a small number of constituent tissues, just as
many different words are formed by the varied combinations of
a few letters ; and parts of the body, differing widely in form,
construction, and uses, may agree in the nature of their compo-
nent materials. Again, as the same texture possesses the same
essential characters in whatever organ or region it is found, it is
obvious that the structure and properties of each tissue may be
made the subject of investigation apart from the organs into
whose formation it enters.

These considerations naturally point out to the Anatomist a
twofold line of study, and have led to the subdivision of
Anatomy into two branches, the one of which treats of the
nature and general properties of the component textures of the
body; the other treats of its several organs, members, and
regions, describing the outward form and internal structure of
the parts, their relative situation and mutual connexion, and
the successive conditions which they present in the progress of
their formation or development. The former is usually named
« General” Anatomy, the latter  Special™ or © Deseriptive™
Anatomy.*

* These names have been objected to, and the terms Histology (iovds, &
web, and Adyos, a discourse,) and Morphology (popeh, form, &ec.) themselves
not free from objection, have been proposed in their stead : there seems no
sufficient reason for the substitution ; the latter term, indeed, is often used
in a different sense.
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GENERAL ANATOMY.

GENERAL CONSIDERATIONS ON THE TEXTURES.

Tue human body consists of solids and fluids. Only the
solid parts can be reckoned as textures, properly so ealled ; still
there being some of the fluids, viz. the blood, chyle, and lymph,
which contain in suspension solid organized corpuscles of deter-
minate form and organic properties, and which are not mere
products or secretions of a particular organ, or confined to a par-
ticular part, the corpuscles of these fluids, though not coherent
textures, are nevertheless to be looked upon as organized con-
stituents of the body, and as such may not improperly be con-
sidered along with the solid tissues. In conformity with this
view the textures and other organized constituents of the frame
may be enumerated as follows :—

The blood, chyle, and 1ymph.
Epidermic tissue, including epithelium, cuticle, nails, and hairs,
Pigment.

Adipose tissue.

Cellular tissue.

Fibrous tissue.

Elastic tissue.

Cartilage and its varieties,

Bone or osseous tissue.
Muscular tissue.

Nervous tissue.

Blood vessels,

Absorbent vessels and glands.
Serous and synovial membranes.
Mucous membranes.

Skin.

Secreting glands,
b 2
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X GENERAL CONSIDERATIONS ON THE TEXTURES.

Every texture taken as a whole was viewed by Bichat as con-
stituting a peculiar system in the body, presenting throughout
its whole extent characters either the same, or modified only so
far as its local connexions and uses rendered mecessary ; he
accordingly used the term  organic systems™ to designate the
textures taken in this point of view, and the term has been very
generally employed by succeeding writers. Of the tissues or
organic systems enumerated, some are found in nearly every
organ ; such is the case with the filamentous, which serves as a
connecting material to unite together the other tissues which go
to form an organ ; the vessels, which convey fluids for the nu-
trition of the other textures, and the nerves, which establish a
mutual dependence among different organs, imparting to them
sensibility, and governing their movements. These were named
by Bichat the ¢ general systems.” Others again, as the carti-
laginous and osseous, being confined to a limited number, or to
a particular class of organs, he mamed ¢ particular systems.”
Lastly, there are some tissues of such limited occurrence that
it has appeared more convenient to leave them out of the gene-
ral enumeration altogether, and to defer the consideration of
them until the particular organs in which they are found come
to be treated of. Accordingly the tissues peculiar to the crystal-
line lens, the spleen, the suprarenal bodies, the enamel of the
teeth, and some other parts, though equally independent tex-
tures with those above enumerated, are for the reason assigned
not to be described in this part of the work.

Tt is further to be observed, that the tissues above enumerated
are by no means to be regarded as simple structural elements ;
on the contrary, many of them are complex in constitution,
being made up of several more simple tissues. The blood vessels,
for instance, are composed of several coats of different structure,
and some of these coats consist of more than one tissue. They
are, strictly speaking, rather organs than textures; and indeed
it may be remarked, that the distinction between textures and
organs has not in general been strictly attended to by anato-
mists. The same remark applies to mucous membrane and the
tissue of the glands, which structures, as commonly understood,
are highly complex. Were we to separate every tissue into the
simplest parts which possessed assignable form, we should resolve
the whole into a very few constructive elements, and, having
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regard to form merely, and not to difference of chemical consti-
tution, we might reduce these elements to the following, viz.
1. simple fibre, 2. homogeneous membrane, either spread out or
forming the walls of cells, and 8. globules or granules, varying in
diameter from the tz§ys to the zg%s of an inch. These, with
a quantity of amorphous matter, homogeneous or molecular,
might be said, by their varied combinations, to make up the
different kinds of structure which we recognize in the tissues ;
and if we take into account that the chemical nature of these
formative elements and of the amorphous matter may vary, it
will be readily conceived that extremely diversified combinations
may be produced.

PHYSICAT, PROPERTIES.

Tue physical properties of the tissues, such as consistency,
density, colour, and the like, which they possess in common
with other forms of matter, require no general explanation,
An exception must be made however in regard to the property
of imbibing fluids, and of permitting fluids to pass through
their substance, which is essentially connected with some of the
most important phenomena that oceur in the living body, and
seems indeed to be indispensable for the maintenance and mani-
festation of life.

All the soft tissues contain water, some of them more than four-fifths of
their weight ; this they lose by drying, and with it their softness and flexi-
bility, shrinking up into smaller bulk and becoming hard, brittle, and trans-
parent ; but when the dried tissue is placed in contact with water, it greedily
imbibes it again, and recovers its former size, weight, and mechanical pro-
perties. The imbibed water is no doubt partly contained mechanically in
the interstices of the tissue, and retained there by capillary attraction, like
water in moist sandstone or other inorganic porous substances; but it has
been questioned whether the essential part of the process of imbibition by
an animal tissue is to be aseribed to mere porosity, for the fluid is not
merely lodged between the fibres or laminze, or in the cavities of the texture ;
a part, probably the chief part, is incorporated with the matter which forms
the tissue, and is in a state of union with it, which is supposed to be more
intimate than could well be aseribed to the mere inclusion of a fluid in the
pores of another substance. Be this as it may, it is clear that the tissues,
even in their inmost substance, are permeable to fluids, and this property is
indeed necessary, not only to maintain their due softness, pliancy, elasticity,
and other mechanical qualities, but also to allow matters to be conveyed into
and out of their substance in the process of nutrition,

Elements of
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The tissues being permeable, we may next consider how fluids may be
made to pass through them. This may be effected, 1. by the force of
pressure, which again may be produced in various ways, easy to be under-
stood. 2. Tt ean be shown by experiment, that water imbibed by a tissue is
given out from it again when the tissue is exposed to some substance with
which the water has a tendency to mix or to combine, as for example,
aleohol or salt, or a strong solution of salt; and if the experiment be so
arranged that one surface of the tissue, say a piece of bladder, is kept in
contact with water and the other with the alcohol or solution of salt, the
water will be imbibed by the tissue at the one surface, and given off to the
aleohol or saline solution at the other, and thus pass through in a continued
current. In many cases of this kind both fluids pass through the membrane,
and, of course, in opposite directions, the water to the salt and the saline
colution to the water ; and the interchange continues till the two fluids are
thoroughly mixed, or until the solution acquires an uniform strength on both
sides of the membrane. In such cases, however, it usually happens that
one of the fuids is imbibed more readily by the tissue than the other, and
is transmitted through it more rapidly, so that a greater quantity of fluid
accumulates on one side of the membrane. In the case supposed, the
water is imbibed, and transmitted more rapidly, than the saline solu-
tion ; hence if the solution be contained in a tube closed at the bottom with
bladder, and placed in a vessel of water, the level of the fluid within the
tube will rise from the water entering more rapidly than the solution issues,
Of course, if the relative position of the two fluids were reversed, the bulk of
the fluid in the tube would diminish for the same reason as before, and its
level sink. The same effect is shown very clearly by inclosing a solution of
salt, sugar, or gum in a piece of gut or a small bladder, and immersing it in
water ; the bladder soon becomes distended, but when the water is put in-
side and the solution without, the bladder becomes flaceid ; the water in
both cases being more readily imbibed and transmitted by the animal tissue
than the solution. The terms endosmosis and exosmosis have been employed
to express these phenomena, the former denoting the greater, the latter the
lesser, or weaker current, terms which, though in general use, are unques-
tionably ill chosen, seeing that their etymological import has led many to
apply them to the entering and issuing current respectively, in experiments
like the foregoing; a distinction which is quite unessential, for it is plain
that the same kind of current may cause the entrance of fluid into a receptacle
in one case, and its issue in another.

Water being imbibed by animal textures with more avidity than other
fluids, it may be stated, as a general rule, that when water and a fluid of a
different kind, with which it tends to combine or mix, are placed on opposite
sides of an interposed animal membrane, the preponderating current will be
from the water to the other fluid. This is the case, as has been already
stated, with water and alcohol, or solutions of salt, or solutions of organic
matters, such as gum, sugar, and albumen, Further, when a weaker and a
stronger solution of the same substance are exposed to one another, the
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greater current will be from the weaker solution to the more concentrated.
Dutrochet has however observed a remarkable and hitherto unexplained
deviation from the above rule in the case of water and acids, especially the
oxalic and some other vegetable acids. Lastly, the observer just named has
found that solutions of different kinds of matter, though of the same density,
differ in their power of producing endosmosis ; thus, equally dense solutions
of the following substances produced currents of water proportionate to the
numbers given, viz., albumen 12, sugar 11, gum 517, gelatin 3.* Pheno-
mena illustrative of the truths now stated present themselves in many of the
processes which oceur naturally in the animal economy.

The animal tissues are also permeable to aeriform fluids, It is well-
known that the air in respiration produces changes in the blood, although
the membranous coats of the blood-vessels are interposed between the two
fuids ; and if a bladder distended with earbonic acid be exposed to air, it
will become flaceid from the eseape of the contained gas. In such cases,
however, the aeriform fluid does not pass through the moist membrane in its
actual state of gas; it is first liquefied by the water in the soft tissue, and
thus penetrates the tissue as a liquid ; on reaching the opposite surface, it
mixes with the blood in the one case, and in the other rapidly evaporates
into the air, the tendency of the carbonic acid and air to diffuse into each
other, a property they possess in common with other gases, greatly favouring
the result. For further information on this interesting phenomenon, see
Graham’s Chemistry, p. 76.

CHEMICAL COMPOSITION.

TuE human body is capable of being resolved by ultimate
analysis into chemical elements, or simple constituents, not
differing in nature from those which compose mineral sub-
stances. Of the chemical elements known to exist in nature
the following have been discovered in the human body, though
it must be remarked, that those at the bottom of the list oceur
only in exceedingly minute quantity; oxygen, hydrogen, car-
bon, nitrogen, phosphorus, sulphur, chlorine, fluorine, potas-
sium, sodium, ecalcium, magnesium, iron, silicon, manganese,
aluminum, copper.

These ultimate elements do not directly form the textures
or fluids of the body ; they first combine to form eertain com-
pounds, and these appear as the more immediate constituents
of the animal substance; at least the animal tissue or fluid
yields these compounds, and they in their turn are decom-
posed into the ultimate elements. Of the immediate constitu-

* See Cyclopadia of Anat., and Phys., art. Endosmosis.
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ents some are found also in the mineral kingdom, as for ex-
ample, water, chloride of sodium or common salt, and car-
bonate of lime; others, such as albumen, fibrin, and fat, are
peculiar to organic bodies, and are accordingly named the
proximate organic principles.

The animal proximate principlés have the following leading
characters: They all contain carbon, oxygen, and hydrogen,
and the greater number also nitrogen; they are all decomposed
by a red heat; and, excepting the fatty and acid principles,
they are, for the most part, extremely prone to putrefaction, or
spontaneous decomposition, at least, when in a moist state; the
chief products to which their putrefaction gives rise being water,
carbonic acid, ammonia, and sulphuretted, phosphuretted, and
carburetted hydrogen gases. The immediate compounds found
in the solids and fluids of the human body are the following :

1. Azotized substances, or such as contain nitrogen, viz,
albumen, fibrin, casein, gelatin, chondrin, extractive soluble in
aleohol, extractive soluble in water, salivin, kreatin, pepsin,
globulin, mucus, horny matter or keratin, pigment, hematin,
pyin, urea, uric acid, azotized biliary compounds.

11. Substances destitute of nitrogen, ViZ., fatty matters,
(except cerebric acid,) sugar of milk, lactic acid, certain prin-
ciples of the bile.

Some of the substances now enumerated require no further notice in a
work devoted to anatomy. Of the rest, the greater number will be ex-
plained, as far as may be necessary for our purposc, in treating of the par-
ticular solids or fluids in which they principally occur; but there are &
few of more general occurrence, which it will be advisable to give some ac-
count of here ; these are, albumen, fibrin, casein, gelatin, chondrin, extrac-
tive, and fatty matters,

ALBUMINOID OR PROTEIN COMPOUNDS.

Albumen and fibrin, with cascin, globulin, and perhaps some others,
such as horny matter, belong to a group of compounds, which have been
supposed to consist essentially of one and the same fundamental substance
united with varying proportions of sulphur, phosphorus, galts, or other in-
organic bodies. This common principle has been named Protein. In some
of these instances, as albumen and casein, the protein comprehends the
whole carbon, hydrogen, nitrogen, and oxygen of the compound ; the pro-
portions of these clements are thercfore the same in cach, and the sub-
stances are identical in essential composition, though they may differ 10
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some of their properties. In other compounds, yielding protein, the pro-
portion of the above-mentioned elements is not the same as in that substance ;
and in such cases it has been supposed, that some other organic substance is
associated with protein, or the compound has been represented as consisting
of protein with the addition of oxygen, the clements of water, or the
clements of ammonia, or with some similar modification caleulated to
reconcile the supposed protein constitution with the actual analysis. The
most general characteristic mark of these protein or albumineid compounds
is, that they are soluble in acids, and precipitated from their acid solutions
by the ferro and ferricyanide of potassium (the yellow and the red prussiates
of potash).

Albumen exists very extensively in the body, forming the chief ingredient
of the serum of the blood, ¢hyle, and lymph, and of the serous fluid which
penetrates and moistens nearly all the tissues ; it enters largely also into the
composition of the brain and nerves, The white of eggs consists of liguid
albumen. 1

In the albuminous liquids mentioned, which are all, more or less, alkaline
from contained soda, the albumen is dissolved in water, but it may be ob-
tained in a solid state by evaporation at a temperature of 120°, and succes-
sive washing of the dry residue with ether and alechol, to remove foreign
matters. Solid albumen thus obtained is soluble in water: In the liquid or
dissolved state it is coagulated by a heat of 158° ; but if its solution is much
diluted, a boiling heat is required. Albumen is also coagulated, and its
golutions rendered turbid by alechol, creosote, most acids, the acetie, phos-
phorie, and pyrophosphorie, being notable exceptions, and by many metallic
salts; alzo by the voltaie pile, which acts by decomposing salt in the albu-
minous solution. Ether coagulates the white of eggs, but not the serum of
the blood.

In its coagulated state albumen is insoluble in water; it is freely dis-
golved by caustic alkali, When exposed to an acid extremely diluted with
water it is dissolved ; by increasing the proportion of acid the albumen is
precipitated, but this precipitate is again dissolved, if the acid be still more
concentrated and heat applied. The solution in strong hydrochlorie acid
acquires a purple and then a blue colour. When dissolved in diluted acetie
acid it is not precipitated by adding that acid in exeess, and the tartarie,
phosphorie, and pyrophosphoric acids, agree in this respect with the acetie.
The acid solutions of albumen are precipitated by the ferroprussiates of
putnﬂh.

Albumen unites with alkalies and metallic oxides, forming albuminates,
The albuminates of the alkalies are soluble in water, those of the oxides in
an excess of albumen. Metallic salts, ns already stated, cause a precipitate
in watery solutions of albumen, and none in a more marked manner than
corrosive sublimate, which causes a milkiness in a solution containing no
more than mth part of albumen, and serves therefore as one of its most
delicate tests. These precipitates appear not to be all of a similar constitu-
tion, some of them being compounds of albumen and the metallic salt ; while

Albumen,
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in others the albumen is supposed to combine independently with the acid
and with the base, and the precipitate accordingly to consist of albuminate
of the acid and albuminate of the oxide. Whatever their constitution, the
precipitates in question, not excepting that from corrosive sublimate, are
soluble in an excess of albumen. Phosphate of lime is readily dissolved
by liquid albumen, and a eertain portion of that salt naturally exists in the
albumen of the egg, and in the albuminous fluids of the human body ; a fact
of no small importance in a physiological point of view.

Albumen consists of protein, combined or associated with a small propor-
tion of sulphur and phosphorus. To obtain the protein, albumen is dissolved
in a solution of caustic potash, and heated to 120°; by this means the sul-
phur and phosphorus are converted into sulphuret of potassium and phos-
phate of potash ; the alkaline solution is then to be saturated with acetie
acid, and the protein separates as a gelatinous, greyish, semitransparent pre-
cipitate, which when washed and dried appears as a yellowish, hard, easily
pulverized, and tasteless substance. According to the latest analysis, that
of M, Dumas, the following is the composition of protein.

From actual Caleulated by
Analysis, Atoms.
Garbon: e 0 . ORI G444 — O,
Hydrogen . . - e el 699 — H
Nitrogen . : ¢ . 15:92 1588 — N,
Oxygen : . ; . 22:56 2269 — 0,
10— 100—

Liebig's formula is C,, H,, N, O,,. These numbers will of course
also represent the proportions of the respective elements contained in albu-
men ; but the proportion of sulphur differs in the albumen of eggs and that
of the serum of the blood. Aeccording to Mulder, the albumen of eggs con-
sists of ten atoms of protein with one of sulphur, and half an equivalent of
phosphorus, and is accordingly represented by the formula, 10 Pr4-SPj.
The albumen of serum contains twice the amount of sulphur, and its formula
is therefore 10 Pr48,P §. Protein is insoluble in water and in alechol ;
its solubility in acids follows the same law as that of albumen, and, like
albumen, it is precipitated from its acid solutions by the ferroprussiates of
potash. With concentrated acids it forms new compound acids.

Fibrin exists in two states, liquid and coagulated. In the former con-
dition it is found in the blood, and in its econcrete state it may be obtained
from muscle, of which it forms the basis.

The most characteristic property of liquid fibrin is its tendeney to coagu-
late spontaneously, or at least independently of any apparent extrinsic cause;
the coagulation of the blood itself, in fact, is owing to*this property of the
fibrin contained in it. Henee the difficulty of procuring fibrin in a liquid
state, and indeed it has never been obtained pure in this condition. The
fibrin and serum of the blood together constitute its colourless part or liquor
sanguinis ; this fluid, in certain states of the body, separates from the red
particles before coagulation, and may be obtained by itself; or, if blood be
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diluted with serum the instant it is drawn, it may be filtered before coagu-
lation, and the diluted liquor sanguinis, containing the liquid fibrin, is
obtained free from the red particles, which remain on the filter. In both
cases, however, the fibrin quickly solidifies and separates in a concrete
form from the serum, and the same happens with fibrinous fluids, resem-
bling the liquor sanguinis, occasionally found effused into cavities within
the body. g

Coagulated fibrin may be procured by stirring fresh-drawn blood with a
bundle of twigs, the solidifying fibrin is thus entangled and removed. When
well washed, it then appears as a white, soft, stringy, somewhat elastic, sub-
stance, without taste or smell, which, by drying, loses about three-fourths of
its weight, and becomes hard and brittle. The appearance of coagulated
fibrin under the mieroscope will be afterwards noticed.

Coagulated fibrin is insoluble in water, alechol, and ether; but by long
boiling in water, especially under pressure, it is dissolved, being however at
the same time altered in nature. Like albumen, it is soluble in caustic
alkalies, and combines with them, neutralizing their alkaline properties. It
also combines with acids in different proportions, its neutral combinations
being soluble in water, but precipitated by the addition of an excess of acid,
Strong acetic acid is rapidly imbibed by it, and causes it to swell up into a
transparent colourless jelly, which is soluble in hot water. This solution is
precipitated by adding another acid, but not by acetic acid. The acid solu-
tions of fibrin, like those of albumen, are precipitated by the prussiates of
potash.

Many neutral salts, when added to the blood, prevent its coagulation by
preventing the coagulation of its fibrin; and some of them, as nitre for
example, may, with certain precautions, be made to dissolve freshly coagu-
lated fibrin, Corrosive sublimate and the persalts of iron combine with
moist fibrin, giving it inereased firmness, and obviating its tendeney to
putrefy. i

Moist coagulated fibrin decomposes binoxide of hydrogen, liberating
oxygen, and reducing the binoxide to water, without itsel. undergoing any
change. This property belongs to many organie substances which contain
no fibrin, but it happens not to be possessed by coagulated albumen, which
in most other respects so much resembles congulated fibrin. The property
just mentioned, and that of forming a jelly with acetic acid, are the most
striking points of difference between the two substances,

Fibrin was considered by Mulder as identical in composition with albu-
men of eggs, the formula he assigned for it being aceordingly 10 Pr 4 8P § ;
and in this view he has been followed by most other chemists.- Dumas,
however, after a very laborious experimental inquiry by M. Cahours and
himself, has assigned to it a different composition ; in the fibrin of human
blood he found 52°78 of earbon, 6:96 of hydrogen, 16:78 of nitrogen, and
23-48 of oxygen; therefore, more nitrogen and less earbon than in protein or
albumen. He states that, by long boiling in water, it yields a little ammonia
and a peculiar soluble product, while the fibrin that remains undissolved is
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altered in nature, having become identical in composition with albumen ;
he therefore supposes that fibrin contains protein along with another sub-
stance. [Fibrin yields on incineration about § per cent. of ashes, which
consist principally of phosphate of lime, with a little phosphate of magnesia,
and sometimes traces of silica.

Casein is an albuminoid or protein eompound, agreeing with albumen in
constitution and in most of its properties. It is a well-known ingredient of

" milk ; it exists also in smaller proportion in the pancreatic juice and some

other secretions, and in the blood.

The most remarkable property of casein is that of being coagulated by
rennet, Its solution is precipitated by acids, not excepting the acetic, and
in this last eircumstance it differs from albumen. The precipitates may be
freed from acid, purified and redissolved in water, by which means pure
easein may be obtained. In this condition it is soluble in water, and, to a
small extent, in alcohol, Coagulated easein, on the other hand, is insoluble,
or only very sparingly soluble. The acids combine with it, both in its liquid
and coagulated state, its combinations closely resembling those of albu-
men, and it is precipitated from its acid solutions by ferroprussiate of potash.
Like albumen, also, it forms soluble combinations with alkalies, and unites
with alkaline earths ; and the same earthy and metallic salts which precipi-
tate liquid albumen likewise precipitate casein. Milk, or a concentrated
solution of casein, is also preeipitated by aleohol, When heated in an open
vessel it becomes covered by an insoluble pellicle, which is aseribed to the
formation of lactic acid by oxidation, and is said not to oceur when milk is
heated in carbonic acid.

Casein yields on incineration 6 per cent. of phosphate of lime, and 4 per
cent, of lime or its carbonate. It contains a little sulphur, but no phos-
phorus in chemical combination. Its basis is protein, and it may be repre-
sented as composed of 10 atoms of protein and one atom of sulphur.

GELATINOUS COMPOUNDS.

Many of the solid parts of the body are, by long boiling in water, entirely
or in great part reduced into a soluble substance, which has the remarkable
property of forming a jelly with the water as it cools ; and two distinct kinds
of this substance have been recognized, which differ in a marked manner in
many of their chemical characters, as well as in the sources from which they
are derived. The one has been long known under the name of “ gelatin,”
the other, being prineipally obtained from cartilages, has accordingly been
named “chondrin.” Neither kind of the gelatinizing substance is found in
any of the animal fluids, nor, according to the view entertained by Berzelius,
does it exist ready formed in the tissues which yield it; he conceives that
these tissues are converted into gelatinous substance by the prolonged action
of boiling water, somewhat in the same manner as starch may be changed
into gum and sugar, and the analogy is strengthened by the fact, that in
both cases the process is accelerated by the presence of a dilute acid.
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Gelatin, strictly so called, is obtained from the cellular and fibrous tissue,
skin, serous membrane, and the animal basis of bone. The jelly derived
from these tissues yields the dry gelatin in form of a hard transparent sub-
stance, which, when pure, is without colour, taste, or smell. It softens but
does not dissolve in cold water ; a gentle heat is, however, sufficient to effect
its solution in water, and, as already stated, the solution, unless too much
diluted, forms a jelly when eold. It is insoluble in ether, and very nearly
insoluble in aleohol. With the aid of heat, it readily dissolves in acetic and
diluted mineral acids.

A solution of gelatin in water is pecipitated by aleohol, ereosote, and cor-
rosive sublimate ; but its most effectual precipitant is tannic acid, or a strong
infusion of gall-nuts, which throws down gelatin, when dissolved even in
5000 times its weight of water; the precipitate, which has been named tanno-
gelatin, is dissolved by adding & fresh quantity of gelatin, It is not pre-
cipitated by mineral acids, acetic acid, alum, sulphate of alumina, acetate
and subacetate of lead, all which occasion a precipitate in a solution of
chondrin ; nor is gelatin thrown down from any of its solutions by the prus-
siates of potash, in which respect it differs from the albuminoid compounds.
Gelatin combines with several salts ; it readily dissolves freshly precipitated
phosphate of lime, and it naturally contains about § per cent. of this salt, as
appears by incineration,

The composition of gelatin may be represented by the formula, C,,, H,,,
N.3, O,,, founded on an analysis of gelatin and of some of the tissues yield-
ing it by SBcherer. This formula gives the following proportions per cent. :—
viz., earbon, 50-207, hydrogen, 7-001, nitrogen, 18170, oxygen, 24622,
Henee it appears, that gelatin contains proportionally less carbon and more
oxygen and nitrogen than are contained in albumen.

Chondrin was first pointed out as a distinet substance by Miiller, It is
obtained from permanent cartilages, and the eartilage of bone before ossifica-
tion, and from the cornea of the eye, by boiling these tissues for a long time
in water. In its relations to water chondrin resembles gelatin, but the jelly
it forms is not so firm. Like gelatin, also, it is thrown down from its solu-
tions by tannic acid, aleohol, ether, creosote, and corrosive sublimate, and
not by prussiate of potash. It differs from gelatin in being precipitated by
the mineral and other acids, the acetic not excepted, also by alum, sulphate
of alumina, persulphate of iron, and acetate of lead ; the precipitates being
gsoluble in an excess of the respective precipitants. According to Mulder,
100 parts of chondrin yield 4996 of carbon, 663 of hydrogen, 14-44 of
nitrogen, 28:59 of oxygen, and 0-38 of sulphur. Liebig gives the following
formula from Scherer's analysis: C,;, H,,, N,, O,,.

EXTRACTIVE MATTERS.

Serum of blood and several other animal fuids, on being freed from albu-
minous ingredients by heat or some other suitable means, and evaporated,
yield a substance known under the name of animal extractive matter, usually
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mixed with fatty matters, from which it is to be separated by solution in
water and subsequent evaporation, The same kind of substance may be ex-
tracted fromi many of the solid tissues, especially muscle, by macerating them
in cold water, boiling the liquid to free it from albumen, and proceeding as
before. The matter obtained from these different sources is associated with
free lactic acid and several salts, especially the lactates of soda, lime, and
magnesia, lactate of ammonia in minute quantity, the chlorides of sodium
and potassium, phosphate of soda and phosphate of lime ; moreover, the ani-
mal substance itself is separable into several different compounds, but even if
the characters of these compounds were better defined than they are, it would
here be out of place to enter into detail respecting them individually; it will
be sufficient to point out the differences between the two principal classes of
them.

1. Extractive matters soluble in water only.—While all are soluble in
water, the substances included under the present head are insoluble in pure
aleohol and reetified spirit ; they are accordingly left undissolved after treat-
ing the mass with spirit of wine of specific gravity *833, and along with
them there remain the phosphates of soda and lime, with a portion of free
lactic acid, rendered difficultly soluble in aleohol by its connexion with the
animal matter. OFf this group of extractive principles, one of the most im-
portant is a substance which has been named zomidin, from its being sup-
posed to be the cause of the peeuliar taste of boiled or roasted meat.

9. Ertractive mutlers soluble in rectified spirit.—DBy evaporating the spirit
employed in the preceding operation there is obtained, along with the chlo-
rides of sodium and potassium, and the greater part of the lactic acid and
lactates, a yellowish brown matter, which was named osmazome, because the
characteristic odour of soup seems to be owing to it. Berzelius has, how-
ever, shown that this matter may be further subdivided, by means of an-
hydrous aleohol, into an extractive substance, which is soluble in that men-
struum, and another which is not; the lactic acid and lactates being shared
between the two; for though the acid and salts in question are naturally
soluble in pure aleohol, a certain portion pertinaciously abides by the in-
soluble organic substance. Finally, the two matters thus separated from
each other by pure aleohol are themselves mixtures of two or more prineiples,
which show different reactions with corrosive sublimate, subacetate of lead,
tannin, &c.

The extractive compounds obtained from a tissue are supposed to be
contained in the fluids which penetrate the solid substance, and Berzelius
has suggested that these matters, as well as the lactie acid, lactates, and
other salts, which seem invariably to accompany them, are the produet
of the continual change or waste of the tissues, especially of the muscular
substance, which naturally takes place in the economy, and that they are
destined to be separated from the tissue, and afterwards eliminated from the
blood by the excretions ; a view which, as he states, is strengthened by the
fact, that principles of the same kind are found in the urine.
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FATTY MATTERS.

The substances of this class which are found in the human body possess
the following general characters: They are lighter than water, fusible at a
moderate heat, insoluble in water, and soluble in ether and in boiling aleohol.
They are divided into the proper fats, or such as are capable of forming a
soap with alkalies and oxides, and those which are not saponifiable,

SATONIFIABLE FATS.

The eommon fat of the human body may be represented as a mixture of
a solid fatty substance, named “margarin,” and a liquid oily substance,
“olein ;” the suet or fat of oxen and sheep, on the other hand, consists
chiefly of a second solid prineiple, “ stearin,” associated with olein. These
three substances, margarin, stearin, and olein, are themselves compounds of
& base, named “glycerine,” with three different fatty acids, the margarie,
stearie, and oleic. In the saponification of fat these acids combine with the
alkali or oxide employed, and the glycerine is set free.

Glycerine.—The common base of the above-mentioned compounds, is ob-
tained separately as a liquid of syrupy consistence, and remarkably sweet
taste, from which cireumstance it has received its name. It is supposed to
be an oxide of a hypothetical radical “ glyeeryl,” which again is composed of
Cg, H,, this, combined with 5 atoms of oxygen, forms an oxide, and the
oxide of glyceryl, in separating from the acids with which it is naturally
combined in fat, unites with one atom of water to form glycerine, so that
glycerine is, strictly speaking, a hydrated oxide of glyceryl, and has the
formula, C,, H., O, + HO,

Margaric and stearic acids—These acids are both obtained as solid erys-
talline substances, soluble in ether and in boiling aleohol, and fusible, the
margaric being more fusible than the stearic. They combine with bases, but,
having weak acid properties, are separated from their combinations by most
other acids. They are both compounds of a radical * margaryl,” C,,, H,,
with different proportions of oxygen, and, in their uncombined state, are
obtained as hydrates. One atom of margaryl, with three of oxygen, and one
of water, form margarie or * margarylie ” acid, C,,, H,,, 0, 4+ HO; and two
atoms of margaryl, with five of oxyzen, and two of water, 2 Co T,
0, + 2HO, form stearic acid, which is, therefore, * hypomargarylie” acid,
The combined water quits them when they unite with bases. Stearin, or
the acid stearate of glycerine, is soluble in alcohol and ether, and separates
from its solutions in erystalline plates ; but, on being fused and cooled, it
appears as a white, waxy-like, pulverisable substance, which is not erystal-
line. Margarin, or margarate of glycerine, in most of its properties, re-
sembles stearin, but it is more fusible and more soluble in ether and aleohol,

Oleic acid is an oily liquid, possessing very distinetly acid properties,
It solidifies into a crystalline mass a few degrees above the freezing

point of water. Its formula is C,,, Hy, O,. Olein, the oleate of glyee-
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rine is also a liquid substance at ordinary temperatures, insoluble in water,
but easily soluble in ether and in aleohol. It is the chief constituent of the
fat oils, and of most solid fats found in nature ; with margarin it forms the
human fat.

Cerebric acid—From the researches of Fremy, it appears that the chief
constituent of the fat found in the brain is a compound of soda, with a
peculiar acid, the * cerebrie,”” which also exists in a free state. The cere-
bric acid differs from other fatty principles as yet known in containing nitro-
gen; 100 parts of it consist of carbon 667, hydrogen 106, nitrogen 23,
oxygen 19-5, and phosphorus 0-9.

UNSAPONIFIABLE FATTY_MATTERS.

Cholesterin is & solid, white, crystalline substance, which may be obtained
in small quantity from the blood, the bile, and the substance of the brain
and nerves. It is found much more abundantly in many morbid pro-
ducts, dissolved, swimming in fluid in form of crystalline secales, or form-
ing solid coneretions, as in biliary caleuli, the most common species of whiech
are formed of cholesterin, tinged with the colouring principles of the bile.
Cholesterin fuses at 278°; it is soluble in ether, sparingly soluble in cold,
but abundantly so in boiling aleohol. It possesses no acid properties, and is
not acted on by alkalies ; by nitric acid it is converted into cholestearic acid.
The formula of cholesterin is C,;, Hyy, O.

Serolin—When blood is dried, deprived of matters soluble in boiling
water, and repeatedly treated with boiling aleohol, & small quantity of a fatty
cubstance thus named is obtained, which separates from the aleohol on cool-
ing, as a shining flocculent mass. It possesses neither acid nor alkaline
properties, fuses at 97°, is readily soluble in ether, sparingly so in boiling
alcohol, and quite insoluble in cold aleohol.

SUMMARY OF THE LEADING CHARACTERS OF THE
FOREGOING SUBSTANCES.

a. Albuminoid principles, albumen, fibrin, and casein.
Coagulable, fibrin spontaneously, albumen by heat, casein by
rennet.  Precipitated by mineral acids, tannic acid, alcohol,
corrosive sublimate, subacetate of lead, and several other metal-
lic salts. When coagulated, not soluble in water, cold or hot,
unless after being altered by long boiling ; insoluble in alcohol ;
soluble in alkalies; soluble in very dilute and also in con-
centrated acids; the solutions precipitated by red and yellow
prussiates of potash.

5. Gelatinous principles, gelatin and chondrin. Not dis-
solved by cold water; easily soluble in Lot water, the solution
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gelatinizing when cold.  Precipitated by tannic acid, alcohol,
ether, and corrosivé sublimate, and not by the prussiates of
potash.  Chondrin, precipitated by acids, alum, sulphate of
alumina, and acetate of lead, which do not precipitate gelatin.

c. Extractive matters, associated with lactic acid and ];tu::-
tates. All soluble in water, both cold and hot; some in water
only, some in water and rectified spirit; some in water, rectified
spirit, and pure alcohol.

p. Fatty matters. Notsolublein water, cold or hot ; soluble
in ether and in hot alcohol.

YITAL PROPERTIES OF THE TEXTURES.

Of the phenomena exhibited by living bodies, there are many
which, in the present state of knowledge, cannot be referred to
the operation of any of the forces which manifest themselves in
inorganic nature ; they are therefore aseribed to certain powers,
endowments, or properties, which, so far as known, are peculiar
to living bodies, and are accordingly named * vital properties.”
These vital properties are called into play by various stimuli,
external and internal, physical, chemical, and mental; and the
assemblage of actions thence resulting has been designated by
the term *life.” The words **life” and * vitality” are often
also employed to signify a single principle, force, or agent, which
has been regarded as the common source of all vital properties,
and the common cause of all vital actions.

1. Of the vital properties, there is one which is universal in
its existence among organized beings, namely, the property, with
which all such beings are endowed, of converting into their own
substance, or * assimilating,” alimentary matter. The opera-
tion of this power is seen in the continual renovation of the
materials of the body by nutrition, and in the increase and ex-
tension of the organized substance, which necessarily take place
in growth and reproduction ; it manifests itself, moreover, in
individual textures as well as in the entire organism. It has
been called the ¢ assimilative force or property,” * organizing
force,” ** plastic force,” and is known also by various other
names. But in reality the process of assimilation produces two
different effects on the matter assimilated : first, the nutrient
material, previously in a liquid or amorphous condition, acquires
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determinate form ; and secondly, it may, and commonly does,
undergo more or less change in its chemical qualities. Such
being the case, it seems reasonable, in the mean time, to refer
these two changes to the exercise of two distinct properties, and,
with Schwann, to reserve the name of *plastic™ property for
that which gives to matter a definite organic form ; the other,
which he proposes to call ¢ metabolic,” being already generally
named *¢ vital affinity.” Respecting the last-named property,
however, it has been long since remarked, that, although the
products of chemical changes in living bodies for the most part
differ from those appearing in the inorganic world, the difference
is nevertheless to be ascribed, not to a peculiar or exclusively
vital affinity different from ordinary chemical affinity, but to
common chemical affinity operating in circumstances or condi-
tions which present themselves in living bodies only; and un-
doubtedly the progress of chemistry is daily adding to the pro-
bability of this view,

2. When a muscle, or a tissue containing muscular fibres, is
exposed in an animal during life, or soon after death, and
scratched with the point of a knife, it contracts or shortens
itself ; and the property of thus visibly contracting on the
application of a stimulus is named < vital contractility,” or
¢ jrritability,” in the restricted sense of this latter term. The
property in question may be called into play by various other
stimuli besides that of mechanical irritation, especially by elee-
tricity, the sudden application of heat or cold, salt, and various
other chemical agents of an acrid character, and, in a large class
of muscles, by the exercise of the will, or by involuntary mental
stimuli. The stimulus may be applied either directly to the
muscle, or to the nerves entering it, which then communicate
the effect to the musecular fibre, and it is in the latter mode that
the voluntary or other mental stimuli are transmitted to muscles
from the brain. Moreover, a muscle may be excited to contract
by irritation of a merve not directly connected with it. The
stimulus, in this case, is first conducted by the nerve irritated
to the brain or spinal cord ; it is then, without participation
of the will, and even without consciousness, transferred to
another nerve, by which it is conveyed to the muscle, and thus
at length excites muscular contraction. The property of nerves,
by which they convey stimuli to muscles, whether directly, as
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in the case of muscular nerves, or circuitonsly, as in the case
last instanced, is named the *¢ vis nervosa.”

Besides the obviously muscular textures, there are others
which possess a certain amount of vital contractility, although
the existence of muscular fibres in them has not been satisfac-
torily demonstrated. In the present state of knowledge, there-
fore, we cannot with certainty affirm that vital contractility be-
longs exclusively to muscular structure. Some physiologists,
indeed, have attempted to distinguish the contractility observed
in textures not reputed muscular, from the contractility of
muscle, and have named it ** non-muscular” vital contractility ;
but, except as regards its seat, it cannot be said to have any
distinctive character; for the contractility acknowledged to he
muscular differs itself in different muscular textures in the rapi-
dity and force with which it is exerted, as well as in the nature
of the stimuli by which it is excited.

The evidence that a tissue possesses vital contractility is de-
rived, of course, from the fact of its contracting on the appli-
cation of a stimulus. Mechanieal irritation, as scratching with a
sharp point, or slightly pinching with the forceps, electricity ob-
tained from a piece of copper and a piece of zine, or from a larger
apparatus if necessary, and the sudden application of cold, are
the stimuli most commonly employed. Heat, when of certain
intensity, is apt to cause permanent shrinking of the tissue, or
“ crispation,” as it has been called, which, though quite differ-
ent in nature from vital contraction, might yet be mistaken for
it ; and the same may happen with acids and some other chemi-
cal agents, when employed in a concentrated state: in using
such stimulants, therefore, care should be taken to avoid this
source of deception.

3. We become conscious of impressions made on various
parts of the body, both external and internal, by the faculty of
sensation ; and the parts or textures, impressions on which are
felt, are said to be sensible, or to possess the vital property of
“¢ gensibility.”

This property manifests itself in very different degrees in
different parts; from the hairs and nails, which indeed are
absolutely insensible, to the skin of the points of the fingers,
the exquisite sensibility of which is well known. But sensi-
bility is a property which really depends on the brain and
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nerves, and the different tissues owe what sensibility they pos-
sess to the sentient nerves which are distributed to them.
Hence it is lost in parts severed from the body, and it may be
immediately extinguished in a part, by dividing or tying the
nerves so as to cut off its connexion with the brain.

In estimating the degree of sensibility possessed by a tissue,
whether in the human subject or by observations made on the
lower animals, which for obvious reasons are much less satisfac-
tory, several modifying circumstances must be taken into ac-
count, which will be duly adverted to in their proper place.

It thus appears that the nerves serve to conduct impressions to the brain,
which give rise to sensation, and also to eonvey stimuli to the muscles, which
excite motion ; and it is not improbable that, in both these cases, the con-
ductive property exereised by the nervous cords may be the same, the dif-
ference of effect depending on this, that in the one ecase the impression is
carried upwards to the sensorial part of the brain, and in the other down-
wards to an irritable tissue, which it causes to contract ; the stimulus in the
latter case either having originated in the brain, as in the instance of volun-
tary motion, or having been first conducted upwards, by an afferent nerve, to
the part of the cerebro-spinal centre devoted to excitation, and then trans-
ferred to an efferent or muscular nerve, along which it travels to the muscle.
If this view be correct, she power by which the nerves conduet sensorial im-
pressions and the before-mentioned “ vis nervosa” are one and the same
vital property ; the difference of the effects resulting from its exercise being
due partly to the different nature of the stimuli applied, but especially to a
difference in the susceptibility and mode of reaction of the organs to which
the stimuli are conveyed.

DEVELOPMENT OF THE TEXTURES.

The tissues of organized bodies, however diversified they
may ultimately become, show a wonderful uniformity in their
primordial condition. From rescarches which have been made
with the mieroscope, especially during the last few years, it has
been ascertained that the different organized structures found in
plants, and, to a certain extent, also those of animals, originate
by means of minute vesicles, or cells. These cells, remaining
as separate corpuscles in the fluids, and grouped together in the
solids, persisting in some cases with but little change, in others
undergoing a partial or thorough transformation, produce the
varieties of form and strueture met with in the animal and vege-
table textures. Nay, the germ from which an animal originally
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springs, so far at least as it has been recognized under a distinct
form, appears as a cell ; and the embryo, in its earliest stages,
15 but a cluster of cells produced from that primordial one ; no
distinction of texture being seen till the process of transforma-
tion of the cells has begun.

No branch of knowledge can be said to be complete; but
there is, perhaps, none which can, at the present moment, be
more emphatically pronounced to be in a state of progress than
that which relates to the origin and development of the tex-
tures, and much of the current opinion on the subject is uncer-
tain, and must be received with caution. In these circum-
stances, in order both to facilitate the exposition, and to ex-
plain to the reader more fully the groundwork of the doctrines
in question, we shall begin with a short account of the develop-
ment of the tissues of vegetables ; for it was in consequence of
the discoveries made in the vegetable kingdom that the happy
idea arose of applying the principle of cellular development to
explain the formation of animal structures, and they still af-
ford important aid in the study of that, as yet, more obscure
process.

OUTLINE OF THE FORMATION OF VEGETABLE STRUCTURE.

When a thin slice from the suceulent part of a plant is viewed Elementary

: i ; : . structure of
under the microscope, it is seen to consist chiefly or entirely of vegetables.

a multitude of minute vesicles

adhering together, of a rounded Fig. 1'*
or angular form, and containing -~ —
varions coloured or colourless "

matters in their interior; these A
are the elementary cells (fig. 1'; \ /&

fig. 2, %), Besides such cells, Wikt

o )
phenogamousor flowering plants ) "*.]
contain tubes, vessels, and other ‘iﬁ s wl
forms of tissue (fig. 2, *©) ; but hS it

a great many plants of the class
cryptogamia are composed entirely of cells, variously modi-
fied, it is true, to suit their several destinations, but funda-

* Nueleated cells from a bulbous root ; magnified 200 diameters. (Sehwann.)
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mentally the same throughout : nay, there are certain very sim-
ple modes of vegetable existence, in which a single cell may con-
stitute an entire plant, as in the well-known green powdery crust
which coats over the trunks of trees, damp walls, and other
moist surfaces. In this last case, a simple detached cell exer-
cises the functions of an entire independent organism, imbibing
and elaborating extraneous matter, extending itself by the pro-
cess of growth, and continuing its species by generating other
cells of the same kind. Even in the aggregated state in which
the cells exist in vegetables of a higher order, each cell still, to
a certain extent, exercises its functions as a distinet individual ;
but it is now subject to conditions, arising from its connex-
jon with the other parts of the plant to which it belongs, and
is made to act in harmony with the other cells with which it is
associated, in ministering to the necessities of the greater orga-
nism of which they are joint members. These elementary parts
are therefore not simply congregated into a mass, but combined
to produce a regularly organized structure ; just as men in an
army are not gathered promiscuously, as in a mere crowd, but
are regularly combined for a joint object, and made to work in
concert for the attainment of it; living and acting as indivi-
duals, but subject to mutual and general control.

Now the varied forms of tissue found in the higher orders
of plants do not exist in them from the beginning; they are
derived from cells. The embryo plant, like the embryo ani-
mal, is in its early stages entirely formed of cells, and these
of a very simple and uniform character; and it is by a trans-
formation of some of these cells in the further progress of
development that the other tissues, as well as the several
varieties of cellular tissue itself, are produced. The principal
modes, as far as yet known, in which vegetable cells are
changed, are the following.

1. The cells may increase in size; simply, or along with
some of the other changes to be immediately described.

9. They alter in shape. Cells have originally a spheroidal
or rounded figure ; and when in the progress of growth they
increase equally, or nearly so, in every direction, and meet with
no obstacle, they retain their rounded form. When they meet
with other cells extending themselves in like manner, they ac-
quire a polyhedral figure (fig. 2, %) by mutual pressure of
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their sides.  When the growth takes place more in one direc-
tion than in another, they become flattened, or they clongate,
and acquire a prismatic, fusiform, or tubular shape (fig. 2,% * ).

Fig. '.*

Sometimes, as in the common rush, they assume a star-like
ficure, sending out radiating branches, which meet the points of
similar rays from adjacent cells (fig. ). Fig. 8.4

3. The cells coalesce with adjoining
cells, and open into them. In this way %_{ﬁ\ﬁ?

a series of elongated cells placed end to (e xh_/‘(“‘
end may open l]‘[tﬂ unc.anut]mr by ab- E,{,C:;“}/\Sﬁ”"xj
sorption of their eohering membranes, b

and give rise to a tubular vessel.

4. Changes take place in the substance and in the contents
of the cells. These changes may be chemical, as in the conver-
sion of starch into gum, sugar, and jelly, and in the production
of warious coloured matters, essential oils, and the like. Or
they may affect the form and arrangement of the contained
substances : thus, the contents of the cell very frequently as-
sume the form of granules, or spherules, of various sizes; at
other times the contained matter, suffering at the same time a
change in its chemical nature and in consistency, is deposited on
the inner surface of the cell-wall, so as to thicken and strengthen
it. Such * secondary deposits,” as they are termed by bota-
nists, usually oceur in successive strata, and the deposition may

* Textures seen in a longitudinal seetion of the leafstalk of a fowering
plant.
+ Stellate vegetable cells,

Coalescence
with cach
other.

Alteration
of sub-
stance.

B —— ¥ 3



Production

of new cells.

Resem-
blance of
the procesa
in animal
and vege-
tahles.

x| TORMATION OF THE ANIMAL TEXTURES.

o on till the cavity of the cell is nearly or completely filled up
(fig. 4). It is in this way that the woody fibre and other hard
tissues of the plant are formed. It farther appears that the
: particles of each Jayer are disposed in
Fig. 4.* lines, running spirally round the cell.
In place of forming a continuous layer,
these secondary deposits may leave little
spots of the cell-wall uncovered, or less
thickly covered, and thus give rise to
what is named pitted tissue (fig. 2% ;
or they may assume the form of a slender fibre or band, single,
double, or multiple, running in a spiral manner along the inside
of the cavity, or forming a series of separate rings or hoops, as
in spiral and annular vessels (fig. 2,7). New matter may be
absorbed or imbibed into the cells; or a portion of their altered
and elaborated contents may escape as a secretion, either by
transudation through the cell-wall, or by rupture or absorption
of the membrane. Lastly, in certain circumstances, cells may
be wholly or partially removed by absorption of their sub-
stance.
5. Cells may produce or generate new cells. The mode in
which this takes place will be immediately considered, in speak-
ing of the origin of animal cells.

FORMATION OF THE ANIMAL TEXTURES.

Passing now to the development of the animal tissues, it
may first be remarked generally, that in some instances the pro-
cess exhibits an obvious analogy with that which takes place in
vegetables ; certain of the animal tissues, in their earlier condi-
tions, appearing in form of a congeries of cells almost entirely
resembling the vegetable cells, and, in their subsequent transfor-
mations, passing through a series of changes in many respects
parallel to some of those which occur in the progress of vege-
table development. Cartilage affords a good example of this.
Figures 5’ and 6', A, are magnified representations of cartilage
in its early condition ; and whoever cowmpares them with the ap-
pearance of vegetable cells, shown in figures 1" and 2', must at

% (Cross section of ligneous cells containing stratified deposit.
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once be struck with the resemblance. Fig. 6, s and ¢, shows the
subsequent changes on the pri- Fig, 5'.#

mary cells of cartilage ; the pa-
rietes are seen to have become
thickened by deposit of fresh
material, the spaces within the
cells are consequently diminish-
ed, while the mass between the
cavities 1s increased., Now this
change seen to occur in the car-
tilage cells, though there may
be a question as to the precise
mode in which it is brought about, may very fairly be compared
with the thickening of the sides of the vegetable cells, which
takes place when they are converted into the woody and other

Fig. 6.4

hard tissues. Again, in most cartilages the cells increase in
number as they diminish in size, new ones being formed within
the old, as happens in many vegetable structures.

The instance now given, and others to the same effect which
will be mentioned as we proceed, tend to show the fundamental
resemblance of the process of textural development in the two
kingdoms; but, when we come to inquire into the various
modifications which that process exhibits in the formation of par-
ticular textures, we encounter serious difficulties. The pheno-
mena are sometimes difficult to observe, and, when recognized,
they are perhaps susceptible of more than one interpretation ;
hence have arisen conflicting statements of fact, and differences
of opinion at present irreconcileable, which future inquiry alone

* Section of a branchial cartilage of a Tadpole, showing the early condition
of the cells ; magnified 450 diameters. (Schwann.)

+ Cartilage of the branchial ray of a fish { Cyprinus erythrophthalmus) n
different stages of advancement ; magnified 450 diameters, (Sehwann.)
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can rectify, and which in the mean time offer serious obstacles to
an attempt at generalization. In what follows, nothing more is
intended than to bring together, under a few heads, the more
general facts as yet made known respecting the formation of the
animal textures, in so far as this may be done without too much
anticipating details, which can only be suitably and intelligibly
given in the special history of each texture.

Structure of Cells.—A cell, before it has undergone altera-
tion, is a round or oval vesicle, formed of thin, transparent,
homogeneous, flexible membrane ; varying considerably in size,
but never passing beyond the dimensions of a microscopic object.
It contains in its interior a fluid or more consistent matter, pel-
lucid or opaque, and in the latter case generally granular. In
the greater number of cells there is also to be seen, at some
period of their existence, a smaller body, called the nucleus,”
which, as will afterwards appear, performs an important part in
their economy. Schleiden attributed to it the function of pro-
ducing the cell, and accordingly named it the * cytoblast,” an
appellation which is synonymous with * cell-germ.” In the
nucleus are commonly to be seen one or two, rarely more, minute
cceentric spots ; these are the nucleoli. :

The nucleus (fg. 1/, ) is of a round or oval shape, and more
constant in size than the cell itself: its average diameter in
animal cells is from zg5o to sdss of an inch; its aspect 18
usually granular and dark, often with a yellowish hue, but
sometimes quite homogeneous, transparent, and colourless. In
some cases it is solid throughout, being. then made up of fine
molecular matter, or consisting of a cluster of large granules;
in other instances, especially in animal cells, its mass appears
to be hollow, or at least less consistent in the centre; or it
may present itself as a perfect vesicle, inclosing matters of
very variable nature. It seems probable, also, that the large
oranules of which some nuclei appear to be made up, are in
reality vesicles, containing peculiar matters in their interior;
examples, indeed, of composite vesicular nuclei of this descrip-
tion have been pointed out by Goodsir in various secreting
structures. :

As to the nature of the nucleolus (fig. 17, %), little 1s known 3
it has even been questioned whether the little spots termed
nueleoli are actually corpuscles or vesicles inclosed in the nu-
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cleus, or merely minute cavities in its substance. Schleiden,
however, states, that, in erushing the nucleus of vegetable cells,
he has seen the nucleolus remain entire, and in such cases, of
course, it must have been a distinct body. In many cells the
nucleus presents no appearance of a nucleolus.

The nucleus may lie free in the cavity of the cell ; more
commonly it is attached to the inside of the cell-wall, and in
some cases it is partially or wholly imbedded in the substance
of the membrane. Henlé describes the nucleus of the pigment
cells as situated quite on the outside, in a dimple of the cell-
wall ; but, I must confess, it has to me appeared otherwise: he
also assigns an exterior position to the nucleus of the cells of
the crystalline lens.

It very generally happens, that, when cells are exposed to
the action of certain chemical agents, their different parts are
differently acted on. Thus, in many cases acetic acid speedily
dissolves the granular or coloured contents of the cell, leaving
the nucleus entire, and rendering it more sharply defined and
more conspicuous ; and the cell membrane itself may be some-
times dissolved by the same agent, and the nucleus liberated.
But, notwithstanding thisand other aids to investigation, it is not
always possible to say whether a given corpuscle is to be reckoned
as a cell, or as a vesicular nucleus.

Cells are often seen without nuclei ; in vegetable cellular tis-
sues, indeed, this is the general rule: but, doubtless, in most of
these instances nuclei have at one time been present, and have
subsequently disappeared. Cells oceur, however, both in animal
and vegetable structures, in which nuclei have never at any time
been discovered.

Origin and Multiplication of Cells.—The soft or liquid
organizable matter out of which cells are immediately produced,
is named ¢ blastema,” or ¢ cytoblastema.” This substance
may be contained in cells ; it may be lodged in their interstices,
or in the meshes of a tissue ; or it may be deposited on the sur-
face of parts. When the circulation of the blood is once
established in the animal system, the clear part of that fluid,
“the plasma,” or *liquor sanguinis,” as it is called, may be
regarded as a generally diffused blastema, or at least as a gencral
source whence the organizable material or blastema is derived.
There is reason to believe that new cells may arise in any
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Effect of
chemical
ngents.

Dlastema,




Formation
of o cell on
a nucleus.

xliv FORMATION OF THE ANIMAL TEXTURES.

of those situations in which the blastema is found ; that is to
say, they may be formed within previously existing or parent
cells, or in the interstitial and free blastema. The included or
« endogenous” mode of origin is the most general in the vege-
table kingdom ; it oceurs also in the animal body, as in the
ovum, in cartilage, and in some other structures; but Schwann
maintains that in animals the free or interstitial mode of origin
is the more common.

Now, as to the process by which cells are formed, it ap-
pears, from the statements of competent observers, that it may
take place in more ways than one; and it must be confessed
that, for the present at least, these several modes of production
of cells cannot with certainty be referred to one common prin-
ciple. i
1. Formation of a cell on a nucleus.—A nucleus being pro-
duced in the first instance, by a process to be afterwards con-
sidered, the membrane of the cell is formed on the surface of
the nucleus, at first closely surrounding it, but soon separating
at one side, and gently rising up like a watch-glass on a watch
(fig. 7',*). The cell-wall, continuing to extend, soon becomes
much larger than the nucleus, which at last is left at some point
of the circumference of the cell imbedded in the substance of
the membrane, where it may either remain, or be removed by
liquefaction or absorption (fig. 7, 7).  This is the process, as

Fig 7' * it has been traced in vegetables

_ bySchleiden, who was the first to

[T ] @ é:/‘ C discover the important part per-

e R - formed by the nucleus, or “cyto-
blast,” as he accordingly named

it. Schwann conceives that animal cells usually originate from
nuclei or cytoblasts, in like manner. A layer of matter is
deposited and condensed on the surface of the nuecleus ; it then
rises in form of a film or membrane, and separates to a greater
or less extent from the nucleus, which remains adherent to its
inner surface, or assumes a more central position. The cell mem-
branc becomes firmer and usually thicker as it extends; its ex-
pansion being accompanied by actual growth and increase of

Plan representing the formation of a nucleus, and of u cell on the nu-
cleus, necording to Schleiden’s view,
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substance, and not being simply the result of mechanical disten-
sion by the fluid which accumulates in its cavity.

Such being the manner in which a cell is formed round a
nucleus, we have next to inquire how the nucleus itself origi-
nates ; and here we meet with a difference of opinion. Schlei-
den and Schwann conceive that nucleoli first appear in the
blastema ; that then, round one or sometimes more of these
nucleoli, fresh matter is aggregated, and the resulting little mass,
becoming defined on the surface, constitutes the nucleus* (fig.
", ¥% %), Schwann, indeed, regards the formation ofa cell and the
formation of a nucleus as a repetition of the same process ; a de-
posit first taking place round the nucleolus to form the nucleus,
and then a second layer being deposited on the nucleus to form
the cell. He compares the process to that of crystallization, and
ascribes the chief differences between the one and the other to the
circumstance, that the permeable organic substance of the cell ad-
mits of increase, not only by external apposition of new particles,
but by the intus-susception of new matter between the particles
already deposited ; whereas a erystal can grow only in the former
way.t Henlé suggests a different view as to the formation of the
nucleus, and brings forward arguments to show that it is formed
independently of a nucleolus. He supposes that elementary
granules of a discoid figure, and from toloy to so%sp of an
inch in diameter, first appear in the blastema ; that two, three,
or four of these group together to form the nucleus ; that their
union is at first imperfect, and may continue so even some time
after the cell is somewhat advanced in formation ; but that they
ultimately become completely blended into a single mass. It
is well known that in many cells, such as the corpuscles of
lymph, mucus, and pus, the nucleus, when acted on by weak
acetic acid, appears divided, either completely or partially, into

- —

* Mr. Addison also describes the formation of cells and their nuelei (in
lymph) in this manner. (Med. Gazette, 1841-42, p. 146.)

t Whatever opinion may be entertained as to the soundness of this and
other speculative views of Schwann respecting the economy of cells, there
can be no question that his diseussion of them is highly instructive ; it will
be found in his admirable exposition of the whole subject of the eellular ori-
gin of the animal tissues. (Microscopische Untersuchungen, &ec. Berlin,
1839.) To Schwann's celebrated work, as well as to the writings of Schlei-
den (translated in Taylor’s Scientific Memoirs), Valentin, Henlé, and Barry,
the reader is referred, as original sourees of information on all that relates to
the development of the textures.

Origin of
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two or three segments, and these Henldé conceives to be its con-
stituent granules, as yet imperfectly united.

Nevertheless, he does not deny that a nucleus may be formed by the
aggregation of matter round a single elementary granule, and it does not
appear in what respect such a mode of formation differs from that proceed-
ing from a nucleolus, as deseribed by Schleiden. Indeed, it is not easy to
see how, in any case, a distinetion is to be made between the * elementary
granules”” of a nucleus, especially when they have not coalesced, and
Sehleiden’s nueleoli. It is clear, also, that the nucleus eontains, besides
the granules, some other matter which surrounds them and binds them
together, and which is softened or dissolved by acetie acid. Respecting these
elementary granules, Henlé further states, that ¢ they present themselves
wherever new formations are about to take place.”” He supposes that they
are, for the most part, minute vesicles filled with fat, but that in forming
a nucleus their chemical nature is changed, the nucleus acquiring the cha-
racters of a protein compound. Lastly, he thinks it probable that these
vesicular bodies are nrigiiml'i}' merely minute particles of oil which ae-
quire a vesicular envelope of albuminoid matter, on the physieal prineiple
pointed out by Ascherson, viz. that globules of oil when brought into con-
tact with liquid albumen, or some similar substance with which oil does not
mix, beeome instantly surrounded with a coherent film or coating of that
substance, and thus acquire a vesicular character.

Once the cell-wall is formed, the nucleus may remain with-
out further change ; or it may continue to grow larger, but
always less rapidly than the envelope; or it may disappear
altogether, as already stated: indeed this is the general rule
with vegetable cells. Other changes which it undergoes will
be afterwards mentioned.

9. Resolution of the nucleus of a cell into new cells,—This
mode of production has been inferred from the following suc-
cession of phenomena ; which has not, indeed, been actually
seen to oceur in the same cell, but has been traced in a series
of cells, apparently in different stages of progress. 1. A cell
is seen with o nuecleus. 2. The nucleus has vanished, and
in its place a group of young nucleated cells have appeared,
within the original cell. 3. The young progeny, increasing
in size, escape by rupture or absorption of the parent cell.

In this case are we to suppose that the nucleus of the original cell be-
comes resolved into shapeless blastema, from which fresh nueleoli and
nuclei arise and produce the new cells 1 or do the granules of the parent
nueleus, or the segments into which it may divide, serve as nueleoli or perhaps
as smaller nuclei round which cell membranes are formed, they themselves
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growing larger all the while ? or, lastly, are these granules really minute
vesicular bodies which at once expand into perfect cells, subsequently ae-
quiring nuelei, which in turn may go through the same process 1 The under-
mentioned observations of Killiker agree with the second, and several facts,
stated by Barry and Goodsir, with the last of these suppositions. Dr. Barry,
however, represents the nueleus as affording many series of cells in sue-
cession ; those last formed pushing outwards their older and larger pre
decessors in concentrie ranks, towards the cireumference of the parent
cell (fig. &). He conceives, also, that the young cells them- [ig. 8%
selves contain incipient cells of a still younger generation in
their interior ; in short, that the same process which oceurs in
the primary cell takes place in each one of its progeny, and
that it is impossible to say where the series of new genera-
tions terminates, Moreover, he states that only some of the
young eells survive, namely, those into which the nucleus in
the end divides ; the rest having only a temporary existence,
and disappearing by liquefaction ; and he supposes that the transitory cells
serve to elaborate material to be afterwards assimilated by the persistent
ones,

E

To this head is to be referred the increase of cells by
reduplication, which is seen to take place in the ovum after
‘fecundation, and probably occurs also at after-periods in the
growth of some of the textures. The following is an outline
of that process, as observed by Kolliker,} in the ova of cer-
tain parasitic worms, in which it presents itself in its least com-
plex form, and from the transparency of the objects can be
traced with comparative ease.

Before impregnation there is seen, as usual, within the ovum
in the midst of the yolk the vesicular body named the ger-
minal vesicle ; this contains a smaller mass within ity the ma-
cula germinativa, and has therefore the®aspect of a nucleated
cell. After the ovum has been fecundated, the germinal vesicle
vanishes, all trace of it being lost ; but in its place a nucleated
cell soon presents itself, which appears to be a new formation
(fig. 9°, A). This first embryonic cell” is soon succeeded by
two others (»), these by four (p), and these again by eight ;
the number thus doubling, and the cells becoming individually
smaller (¥, ), till there results a large mass of cells {1-[},

* Beheme from Dr. Barry, showing young cells growing within a larger
one in concentric series. One of the young cells is represented as filled
with a still younger generation,

T Miiller's Archiv., 1843, p. 68.
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which assumes the form of the embryo. Now, in this case it
is clearly ascertained that at every reduplication a pair of new
cells are formed within each of those already existing, the
old or parent cells then disappearing, and the new ones I.JE—
coming free ; and stages of the process are observed, In v_-'hu:h
the parent cells, not having yet disappeared, are seen with a
couple of young ones still included within them (c and E)

Fig. 9%

Tt seems probable that, when the two young cells are about
to be formed, the nucleus of the parent cell divides into two,
and that each segment then gives rise to a new cell. In
support of this view, Kalliker states that he has occasionally
observed cells with the nucleus elongated; others in which
it was constricted in the middle, as if about to divide ; in others,
again, there were two nuclei, of smaller size than the single

Fig. 10°.4 nucleus of adjoining cells, as if
; 5 : «  they had just arisen from the divi-
€) ra @ 3 sion of a larger onef (fig. 10, » ®

3 4)‘

* A, B, 0, b, successive stages of the ovum of Ascaris dentata, showing
duplication of eells. E, ¥, 6, 1, ovum of Cucnllanus elegans, showing the
advance of the process.  (From Kalliker's Memoir.)

t Cells from ovum of Cucullanus, showing supposed division of the nu-
clens. (Kolliker.)

T The apparent division of a cell, by the formation of a partition across
its eavity, which has been supposed to be a common mode of multiplication
of cells 1n vegetables, is in most cases, very probably, as Schleiden explains,
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3. Matter collects round a nucleated cell, and the whole Complex

becomes inclosed in an envelope, thus constituting a larger ool
cell, to which the inclosed one serves as a nucleus. Cells of
this kind have been called ¢ complicated,” or * complex”
cells.* The ganglionic globules of the brain and nerves, to
be afterwards described, have been looked on as complex cells,
and are supposed to be formed in the manner described. The
ovum itself is an instance of a complex cell : a small corpuscle,
the ‘¢ germinal spot,” appears first ; round this, as a nucleus,
a cell, the * germinal vesicle,” is formed ; and then the matter
of the yolk collects round the germinal vesicle, and gets in-
closed in an exterior membrane ; this becomes a second cell,
and includes the germinal vesicle as its nucleus.

The curious phenomenon of furrowing, or rather cleaving,
of the yolk, now known to occur in the ova of many animals
as one of the earliest effects of fecundation, is connected with
the production of complex cells. This remarkable process
appears to take place in the following manner.

When the ovum is fertilized, the germinal vesicle, as usual, Cells form-
disappears, and a new cell takes its place in the centre of the f]i]:;ﬂ::‘
yolk. At the same time the mass of the yolk appears to yolk.
shrink, as if its granules had become more densely congregated
round the central cell. This first embryonic cell gives place
to two others; then the yolk divides into two halves, and
each half incloses one of the first pair of cells in its centre
(fig- 11, a). The first two cells are succeeded by twice as
many new ones, and the two masses of yolk are subdivided
into four, each new yolk-segment inclosing a cell in its centre,
as before (fig. 11, 8). The central cells and the inclosing
segments of the yolk are again doubled so as to form eight,
and this duplication of the cells and concomitant cleaving
of the yolk are continued till the masses are greatly increased
in number and reduced in size (c, D, E); each of them being

-

merely an instance of the endogenous production of twin cells, the con-
tiguous sides of which form the septum, as in ¢ (fig. 9). But it 1s doubtful
whether the multiplication by partition of a cell may not occur in the algee,
as Mohl has deseribed ; Valentin refers to corroborative observations by
Shuttleworth, as yet unpublished, :
* By Henlé : “ secondary™ cells might perhaps be a more fitting ap-
pellation, but that term has already been cmpluye:l in another sense.

d
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then a complex cell containing a smaller cell within, together
with more or less of the matter of the yolk in different in-
stances. Their further changes and ultimate destination it
is unnecessary here to pursue.

While it is admitted that the segments of the yolk eventually become
inclosed by membranes and form true cells, it has been questioned whether
its earlier and larger subdivisions are really surrounded by an enveloping
membrane. Acknowledging the diffieulty of the question, I should neverthe-
less be disposed, from what I have seen in the ovum of the ascaris, to answer
it in the affirmative, as regards that instance at least. As to the mode of
multiplication of the included eells, we can hardly doubt that each pair of
young eells are formed within the cell immediately preceding, by subdivision
of its nuecleus, in the manner previously described (see lower cell in a) ; the
difference in this case being, that each of the young cells, on eseaping
from the maternal one, becomes wrapt up in the centre of a mass of yolk.
The duplication of the eell must of course take place before the division of
its including yolk-mass (see lowest segment of n), and is doubtless a
necessary condition of it. As to the mechanism of the latter process, we
may presume that the eells exercise a sort of attraction on the substance
of the yolk, causing it to gather round them as so many separate centres,
The shrinking of the granular mass, already noticed, apparently from the
more close aggregation of its granules round the central cell, is in harmony
with this supposition. I may remark that in the ova of the ascaris nigro-
venosa, and asc. acuminata, the granules of the yolk exhibit very lively
molecular movements. On one oceasion, when one of the large segments,
into which the yolk is first cleft, divided itself into two portions while
actually under inspection, I first observed a very obvious heaving motion
among the granules throughout the whole mass ; then ensued a constriction
at the circumference, which, proceeding inwards, soon completed the di-

* Cleaving of the yolk after fecundation,— a, n, o, (from Killiker,)
]D;'Um ;f Ascaris nigrovenosa; p and E, that of Ascaris acuminata (from
agge).
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vision ; but all this time the central cells were quite hidden by the en-
veloping granular matter.®

The process above deseribed, in some animals, affects only a part of the
yolk ; while in others, again, it has not been discovered.

4. A cell may arise without the previous formation of a
nucleus. Schwann describes such cells as occurring within
larger ones in the * chorda dorsalis™ (a transitory cartilaginous
structure) of the tadpole and fish. He states that they com-
mence as small spherules, which either from the beginning are,
or subsequently become, hollow, and expand into cells. Vogt
maintains that they afterwards acquire nuelei, but his descrip-
tion is ambiguous. Other examples are given of a cell com-
mencing as a small granule or spherule, and subsequently ac-
quiring a nucleus.}

Another mode in which a cell is said to be formed without
a nucleus, is by the agglomeration of granular matter into a
considerable mass, which becomes surrounded by a membrane ;
there results a cell filled with granular contents, but without
a proper nucleus. The large granulated corpuscles which have
been described as sometimes ocecurring in inflimmatory exu-
dations, and in various morbid growths, under the name of
“ compound inflammation globules,” are said to be examples of
this (Henle). The sporules of certain alge are also described
as being formed in the same way.

5. In some of the most simple vegetables multiplication
takes place by a sort of sprouting of young cells from the old
ones.. In the yeast-plant, for example, (fig. 12,) the young

cells are seen in various stages of growth, springing from the_

circumference of older and larger cells (" %). The young cell

* Dr. Barry has called attention to the very interesting fact of the re-
semblance between the spontaneous division of infusorial animaleules, and
the process here deseribed. The phenomenon observed in infusoria of the
division of a pellucid globule within the animal, which precedes the division
of its entire body, is probably owing to the formation of two cells within a
central one, and to their subsequent separation from each other, to become
the central cells of the respective segments of the body, as happens in the
divided yolk. It is worthy of inquiry whether certain phenomena observed
in the vegetable kingdom may not be referable to a similar process ; as,
for instance, the subdivision of a granular mass into separate portions,
which oceurs in the formation of the sporules of mosses and hepatiem.

t See, among others, Macleod, in Lond. and Edin, .]mu'mi}l of Medical
Science, 1842, p. 820,

d 2
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Fig. 12.% is usually described as being at first
a mere saccular protrusion of the wall
of the old cell ('), and becoming af-
terwards cut off from it (*) ; but I must
confess that, in this instance, I have
never been able to satisfy myself that
the cavity of the young cell commu-
nicated with that of its parvent cell, as
represented in the figure, even in ifs
earliest stages ; although the lateral pro-
trusion of a cell doubtless occurs in va-
rious other alge.

Finally, as to the nature and origin of the cell-germ. From what has
been stated in the preceding paragraphs, it will be apparent that a nueleus
and a cell-germ, or eytoblast, are not always the same thing. In many
cases the cell is formed round a nucleus, and the latter may be then pro-
perly called a eytoblast, though it may itself owe its origin to a nueleolus,
In other instances the nucleus scems to be an after-formation in a cell
originally without one, serving as a sort of reproductive or generative organ
to furnish the germs or rudiments of young eells. It may be a eytoblast,
therefore, in two senses,—hy generating the cell which contains it, and by
resolving itself into the germs of a new cell-family ; but it was in the former
character that the term was applied to it by Schleiden, and in this sense
there are other ohjects which equally deserve the appellation: we have
seen, indeed, that a cell itself may stand in the relation of a eytoblast to a
larger cell formed round it. When several cellules arise within a larger
cell by resolution of its nucleus, their germs, or first rudiments, are described
as minute spherules much resembling nucleoli ; and these, perhaps, be-
coming hollow, may at once expand into eells, or they may become sur-
rounded by a cell-membrane, but without the intermediate step of forming the
larger body usually termed a nueleus. The so-called nucleus in the cells of
the ovum of the entozon, already described (figs. 9, L0, and 117), corresponds
more with a nueleolus, if size be regarded as o character, and this body is sup-
posed to divide into two cell-germs. Lastly, minute spheroidal cell-rudiments,
which grow into cells, would seem to oceur free in the blastema, from what-
ever source they have been originally derived.

Seeing the successive gencrations of cells which proceed from a single
one in the ovum, and the propagation of cells in a similar manner which
in many circumstances oceurs at after-periods, physiologists have been
naturally led to look to the germinal vesicle of the ovum for the original
source to which all sueceeeding cell-germs in the economy might be traced
back ; and, that vesicle being itself derived from the parent organism, they

M* M:;gniﬁc:i figure of the yeast-plant, Seccharomyces cerevisie. (After
L"}"I'_"Il,
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have conceived that a peculiar germinative matter, probably constituting
the substance of the germinal spot, is handed down from parent to off-
spring, and, receiving an impulse by fecundation, begins in the ovum the
series of assimilative and reproductive actions which is afterwards continued
throughout life, Dr. Barry has given a formal theory of the origin and
multiplieation of cells, in which he represents the germinative matter as a
peculiar pellucid substance, and proposes to eall it hyaline.” He conceives
that this substance is derived from the germinal spot of the ovum, and, after
fecundation by the male, acquires remarkable properties, among others, that
of mereasing by the assimilation of hew matter, and that of propagating itsell
by division ; and he supposes that the globules into which it divides form so
many gerins of new cells : according to him, therefore, the cell-germ is a
globule of hyaline. He is farther of opinion, that many eells which have
but a transitory existence, are intended for no other purpose than to re-
produce the hyaline ; suceessive generations of them being sometimes em-
ployed in elaborating this substance.

It is in the very nature of this subject to excite speculation and engender
hypotheses ; and, as to those which have been already produced, we may be
permitted to remark, that, however plausibly they may harmonize with
some of the phenomena, we cannot receive any one of them with confidence
until it shall have stood the test of a mueh more extended comparison, than
has yet been made, with the results of observation.

Transformation of Cells and Blastema.—In the conver-
sion of cells into the several textures, there is, in different
instances, a great difference not only in the nature and extent
of the change which the cells undergo, but also in the con-
dition which these bodies have attained when the process of
change commences. In some cases they have already acquired
a distinet cell-wall and eavity ; but in others they never attain
the condition of cells, strictly so called, and the process of
transformation begins whilst they may be said to be but in
a nascent state. Indeed, in the development of certain tex-
tures, as will afterwards be explained, there is reason %o believe
that the preliminary process of cell-formation, if in the eir-
cumstances we may properly use such a term, goes no farther
than the production of nuclei, and that the blastema surround-
ing or lying between the nuclei, which themselves undergo
transformation, is at once converted into the elements of the
tissue. The following are the principal modes in which ecells
or their elements are metamorphosed ; it being understood that
two or more of the processes, here to be mentioned, may occur
in the same cell, and that the nucleus also undergoes changes
which will subsequently be explained.

Dr. Barry's
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Transfor-
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liv FORMATION OF THE ANIMAL TEXTURES.

1. Increase in size, and change of figure.—A cell may in-
crease equally, or nearly so, in all its dimensions, in which case it
preserves its globular shape ; but more commonly the growth
is greater in certain dimensions, and then the figure becomes
depressed and discoid, or elongated and oval, fusiform or strap-
shaped. When growing cells meet one another, they generally
acquire an angular or polyhedral figure ; and this may be com-
bined with elongation into the® prismatie, or flattening into the
tabular form, as exemplified in the columnar and scaly varieties
of epithelium. All these changes correspond with similar trans-
formations already spoken of, which occur in vegetable cells.
A more remarkable change of figure occurs in those instances

Fig. 13'% where a cell shoots out
into branches at vari-

ous points of its cir-
cumference, as happens
with certain varieties of
pigment cells (ﬂg+ 13’):
and this, too, may be
’/K aptly compared to the

ramified or radiating
cells found in the rush and some other plants (fig. 3°).

@, Alteration of substance and of contents.—While the
above-described changes of figure are going on, the cell-wall
usually acquires increased density and strength ; and in a flat-
tened cell, when much extended, the opposite sides cohere
so as to obliterate its cavity. The substance of cells may
also be changed in its chemical nature, as in the instance of
the cuticle, where the cells, while deep-seated, and recently
formed, are soluble in acetic acid, but, as they advance to the
surface, lose this property and acquire a corneous character.

Granular matter contained within cells may be dissolved
and consumed whilst the cell extends itself, as happens with
those of the yolk of the bird’s egg when they join to form
the early rudiments of the embryo. On the other hand, new
matters may appear, as fat and pigment within the adipose
and pigmentous cells, and the peculiar constituents of certain

* Pigment cclls from the tail of the Tadpole, magnified about two hun-
dred and twenty-five diameters. (Schwann.)
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secretions in the cells of secreting organs; in which last
case the cells may eventually burst, and discharge their con-
tents.

As in plants, too, the new substance may be so deposited as to
augment the thickness and strength of the cell-wall, of which an
example occurs in the thickening of the sides and narrowing of
the cavity of cartilage-cells by layers of new matter on their in-
ternal surface. Or the process - may assume still more of a
plastic and organizing character, as in the endegenous produe-
tion of young cells, already described, and the formation of
the spontaneously moving bodies named spermatozoa, or sper-
matic animalcules, which, in plants as well as in animals, are
produced in the cavity of a cell.

These plastic changes are equally unexplained with the other alterations
of form and structure which accompany the production and metamorphoses
of cells. As regards the changes in the quantity and chemieal nature of
the contained matter, it may be remarked, that the introduction of new mat-
ter into a cell iz go far a phenomenon of imbibition, and, ag such, must be to
a certain extent dependent on the endosmotic effect produced by the sub-
stance already within the eell, and on the comparative facility with which
the matter to be introduced is imbibed and transmitted by the permeable cell-
wall. Some substances, moreover, being more readily imbibed than others of
a different nature, the quality as well as the quantity of the imbibed ma-
terial will be so far determined by the same circumstances. But, while an
alteration in the contents of a cell may be thus brought about by the imbi-
bition of one kind of matter in preference to another, the contained sub-
stance may be also changed in its qualities by a process of conversion taking
place within the cell, and there are two conceivable ways in which this
conversive or “ metabolic™ proeess may possibly oceur., 1. Chemieal ae-
tion may be mutually exerted between the matter originally contained in the
cell, and that subsequently introduced into it. 2. It has been supposed
that the process may be referred to the class of phenomena denominated
by chemists © catalytic™ actions, or actions by “ contact,” in which a che-
mical change is induced in a compound by the presence of a second body,
which, as far as appears, does not itself necessarily suffer alteration, and
it is coneeived that the cell-membrane may exert this species of influence
on the matters contiguous to it.

This seems also a fitting place to mention that the well-known tremulous
movement which so frequently affects minute particles of matter, is not un-
frequently observed in the molecular contents of cells.  But in many vegetable
cells a motion of a different character, and affecting larger-sized corpuscles, is
seen.  These corpuseles move in a steady and regular manner along the
inside of the eell-wall, and in o constant direction, This motion is named
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% rotation "’ by vegetable physiologists ; the Chara and Vallisneria afford
beautiful and well-known examples of it.*

8. Division into fibrils.—In the formation of certain tis-
sues, cells which have inereased in size and altered in shape, ge-
nerally by elongation and flattening, appear to be resolved into
fine fibres. The cells, for example, which form the cortical
layers of a growing feather, first become flattened and somewhat

Fig. 14+ oblong, and then divide longitudinally
into a number of slender fibres.  These
fibres at first cohere, but afterwards sepa-
- ()i rate; the nucleus during this change gra-

3 dually dwindles away, and at last disap-

PR pears altogether (fig. 14/, % 9). It is

= doubtful whether the fibrils are produced

; by the deposition of new matter in lon-

e e~ gitudinal lines within or on the flattened

'—_-'==./_|—--r_ = =~ cell, in which case the substance of the

cell which connects the fibrils together

must be removed, or whether the substance of the cell is
itself, as it were, cut up into fibres.

Fig. 15'.1

Schwann supposed that the
bundles of fibrils which con-
stitute the chief part of the
cellular tissue, were formed
by a similar process. He
deseribes the cells as first ex-
tending themselves in two
opposite directions, into an
elongated and usually fusi-
t form figure (fig. 159, " %),
b then dividing at the extre-
mities into fibrils (fig. 15,"%)
the division at length reach-

* 1 once noticed in a spherieal epithelium-cell from a very young tadpole
(of the toad) o motion of particles which seemed to me almost to go beyond
the usual tremulous moleeular movements. A little elump of dark granular
matter or pigment revolved within the cell, and numerons separated granules
coursed round and round it, making the complete circuit of S’IE cavity.

t Cells from the cortex of a growing I'um]lwr, showing their division into
fibres.

1 Cells becoming developed into cellular tissue, according to Schwann.
Magnified four hundred and fifty diameters.



FORMATION OF THE ANIMAL TEXTURES. lvii

ing the middle part (fig. 15, %), and extending through it, so as
to convert the elongated cell into a bundle of parallel fibrils ;
the nucleus persisting for a time, but at last disappearing.

Henlé aseribes the formation of cellular tissue to quite a different process,
as will be afterwards explained. He admits the occurrence of spindle-
shaped cells, split or ramified at their ends, both in healthy tissues and in
diseased growths, but he thinks they do not give origin to the fibres of cellu-
lar tissue. Though colourless, they seem allied to the system of ramified
pigment cells,

4. Changes in the relation of cells to each other.

a. Cells may remain isolated, as in the instance of the cor-
puscles of blood, chyle, and 1 ymph, and those formed in certain
secretions. The first-mentioned corpuscles float freely in fluid,
which may be looked on as a sort of liquid blastema.

b. They may be united into a continuous tissue, by means of
a sufficiently consistent intercellular substance ; their parietes
remaining distinct. The epithelium and the cuticle, with its
appendages, afford instances of this.

¢. The parietes of adjoining cells may be inseparably blended
with each other, or with the intercellular substance ; the sides
of the cells being usually thickened, or their cavities almost
filled up, by deposits in the interior. Cartilage is an ex-
ample.

d. The parictes of adjacent cells coalesce at particular points,
and, absorption taking place, their cavities become united. It
is supposed that ramified cells may thus open into one another,
and Schwann conceives that the networks of capillary vessels
originate in that way. In other instances the coalescing cells
are placed in a longitudinal series, and by their union form a
continuous tube, as happens in the vasiform tissues of vegetables.
The tubular ducts of some glands are supposed to grow in this
manner. In certain cases, the tube formed by united cells be-
comes the receptacle of new and peculiar matter, which is depo-
sited in it by an ulterior process of organization ; thus, accord-
ing to Schwann, in the formation of muscular and nervous tissue,
a tube is first produced by the coalescence of a series of cells,
and within this the muscular fibrillee are formed in the one case,
and the peculiar matter of the nervous fibre in the other.

e. We may here also include the process by which Henlé
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conceives the hairs and some other structures to be formed. Cells
placed in a row are supposed to coalesce into a sort of axis ; round
this axis fibres are laid on, which are themselves derived from
elongated or otherwise al tered cells ; and outside of all is formed
an inclosing sheath. Such a structure he names a ¢ complex
fibre,” or * complex fasciculus,” and he supposes that nervous
fibres and the fibres (primitive fasciculi) of muscles are formed
on the same principle ; the matter surrounding the axis being
fluid in nerves, but in muscle arranged into fibrils : as to the
mode in which the homogeneous inclosing tube is produced, he
is uncertain. The axis of complex fasciculi may persist, or it
may disappear.

5. Tormation of membranes and fibres from the blastema,
without the intervention of actual cells.—As already mentioned,
there are certain cases in which there is reason to suppose that
the blastema, in place of forming-distinet cells, which there-
upon become blended, at once gives rise to continuous mem-
branes or fibres. In such cases nuclei are present in the blas-
tema, and subsequently disappear, or undergo metamorphosis ;
but how far their presence determines the transformation of the
surrounding substance, we have no means of deciding.

a. The blastema may in this manner form a simple homoge-
neous film, from which the nuclei for the most part disappear.
The capsule of the lens, and the brittle layer on the posterior
part of the cornea, are instances of such simple glass-like mem-
branes, and probably arise in the way mentioned.

b. A membrane being produced, as in the last case, fine
fibrillze, uniting together in a reticular manner, may be formed
on it, seemingly by the deposition and coalescence of minute
granules. 'Then, frequently, the membrane is itself partially or
wholly absorbed, leaving nothing but the network of fibrils.
The fibrils withstand the action of acetic acid, and in this respect
agree with the nuclear fibres, to be afterwards mentioned. An
instance of this structure oceurs in one of the coats of the
arteries.

c. In the formation of the cellular, fibrous, and some other
tissues, according to Henlé's view of that process, the blastema
is first converted into long flattened bands, which lie between
parallel rows of nuclei. Iach of these bands, which are not

more than —'— of an inch broad, is then subdivided into a
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bundle of fine, parallel fibrils, which soon acquire the waved
aspect characteristic of the microscopic filamentous bundles of
the cellular and fibrous tissues. While this goes on, the nuclei
undergo remiarkable changes; to be immediately noticed.

6. Changes in the nuclei of cells.—The nucleus may grow
somewhat larger as the cell increases in magnitude, at least at
first ; thus it enlarges and flattens in epithelium cells. It may
then remain without farther change, or it may disappear : it is
persistent in most varieties of epithelium, but in the flattened
cells of the cuticle and nails it disappears. In other cases, the
substance of the nucleus may undergo a chemical change, of
which the occasional production of fat globules in the nuclei of
cartilage cells is an example.

We have already spoken of proliferous nuclei, which are re-
solved into young cells.

In many tissues composed of fibres, as the cellular, the
fibrous, the substance of the cornea, and the muscular tissue,
the nuclei become lengthened and attenuated, and often cres-
centic, crooked, or serpentine ; in which state they may be seen
lying between the fibres of the tissue, on applying acetic acid, in
which they are insoluble. Having reached this condition, they
may then disappear, being first broken up into rows of little
dots. But many of them, instead of vanishing, extend them-
selves at both ends into a fibre, which meets and joins with
similar prolongations from neighbouring nuclei ; the little bodies
themselves getting gradually thinned down, so that, in some
cases, all trace of them in the thread is lost. In this manner a
second set of fibres are produced, which have been appropriately
named ‘¢ nuclear fibres.” The nuclear fibres lie between the
other fibres, or bundles of fibrils, of the tissue in which they
occur ; sometimes parallel with these, like the rows of nuclei
from which they were derived, sometimes winding round them,
sometimes alternating with them in layers. They are remark-
able for their dark, well-defined outline, and, like the nuclei
themselves, are insoluble in acetic acid; so that, by means of
that re-agent, they may be rendered conspicuous amidst the
other elements of the tissue with which they are mixed, It
will be afterwards seen that they strongly resemble the fibres

of yellow elastic tissue; it is probable, indeed, that the two
are 1dentical.
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7. Ulterior Changes in the Blastema.—Intercellular Sub-
stance.—The blastema is usually in great part consumed in
the progress of development, but a small portion remains be-
tween the cells or other elements of the tissues, generally in-
creasing in consistency, and serving to cement them together ;
it then constitutes the intercellular or intermediate substance.
This substance varies in its condition and aspect: it is repre-
sented as being granular in the cellular tissue; in cartilage it is
at first pellucid and hyaline, but often undergoes a change, and
becomes fibrous ; in ossifying cartilage it is hardened and cal-
cified by deposition of earthy salts. In cartilage, moreover, the
substance interposed between the cell-cavities increases in
quantity as development advances; but, as in this case there
is also a thickening of the cell-walls, which are blended with the
intervening substance, it is impossible to say how far the increase
in question is due to true intercellular deposit.

NUTRITION AND REGENERATION OF THE TEXTURES.

Nutrition.—The tissues and organs of the animal body,
when once employed in the exercise of their functions, are sub-
ject to continual loss of material, which is restored by nutrition.
This waste or consumption of matter, with which, so to speak,
the use of a part is attended, takes place in different modes and
degrees in different structures. In the ecuticular textures the
old substance simply wears away, or is thrown offat the surface,
whilst fresh material is added from below. In muscular texture,
on the other hand, the process is a chemical or chemico-vital
one; the functional action of muscle is attended with an ex-
penditure of moving force, and a portion of matter is con-
sumed, whether directly or indirectly, in the production of that
force ; that is, it undergoes a chemical change, and, being by
this alteration rendered unfit to serve again, is removed by
absorption. The amount of matter changed in a given time,
or, in other words, the rapidity of the nutritive process, is
much greater in those instances where there is a production and
expenditure of foree, than where the tissue serves merely passive
mechanical purposes. Hence, the bones, tendons, and ligaments
are much less wasted in exhausting diseases than the muscles, or
than the fat, which is consumed in respiration, and generates heat.
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Up to a certain period, the addition of new matter exceeds the
amount of waste, and the whole body, as well as its several parts,
augments in size and weight : this is * growth.” When matu-
rity is attained, the supply of material merely balances the
consumption; and, after this, no steady increase takes place,
although the quantity of some matters in the body, especially
the fat, is subject to considerable fluctuation at all periods
of life.

It would be foreign to our purpose to enter on the subject of
nutrition in general ; we may, however, briefl y consider the
mode in which the renovation of substance is conceived to be
carried on in the tissues,

The material of nutrition is immediately derived from the
plasma of the blood, or liquor sanguinis, which is conveyed by the
blood-vessels, and transudes through the coats of their capillary
branches ; and it is in all cases a necessary condition that this
matter should be brought within reach of the spot where nutri-
tion goes on, although, as will immediately be explained, it is
not essential for this purpose that the vessels should actually
pass into the tissue.

In cuticle and epithelium, the nutritive change is effected by
a continuance of the process to which these textures owe their
origin. The tissues in question being devoid of vessels, nutri-
ent matter, or blastema, is furnished by the vessels of the true
skin, or subjacent vascular membrane ; cells arise in the blas-
tema, enlarge, alter in figure, often also in chemical nature,
and, after serving for a time as part of the tissue, are thrown off
at its free surface,

But it cannot in all cases be so clearly shown that nutrition
takes place by a continual formation and decay of the structural
elements of the tissue ; and it must not be forgotten, that there
is another conceivable mode in which the renovation of matter
might be brought about, namely, by a molecular change which
renews the substance, particle by particle, without affecting the
form or structure. Still, although conclusive evidence is want-
ing on the point, it seems probable that something more than a
mere molecular change generally takes place, but of what precise
nature, is, as yet, only matter of conjecture.  Some have
supposed that the nuclei seen among the fibres of many tissues
may probably minister to their nutrition, and it has been ima-
gined that these nuclei may serve as centres of assimilation and
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increase, inducing a deposition and organization of matter in
their neighbourhood, and propagating themselves by sponta-
neous division.

In the instance of cuticle and epithelium, no vessels enter
the tissue, but the nutrient fluid which the vessels afford pene-
trates a certain way into the growing mass, and the cells continue
to assimilate this fluid, and pass through their changes at a
distance from, and independently of, the blood-vessels. Whe-
ther, in such cases, the whole of the residuary blastema remains
as intercellular substance, or whether a part is again absorbed
into the vessels, is not known. In other non-vascular tissnes,
such as articular cartilage, the nutrient fluid is doubtless, in
like manner, conveyed by imbibition through their mass, where
it is then attracted and assimilated. The mode of nutrition of
these and other non-vascular masses of tissue may be compared,
indeed, to that which takes place throughout the entire organism
in cellular plants, as well as in polypes, and some other simple
kinds of animals, in which no vessels have been detected. But
even in the vascular tissues the case is not absolutely different;
in these, it is true, the vessels traverse the tissue, but they do
not penetrate into its structural elements. Thus the capillary
vessels of muscle pass between and avound its fibres, but they
do mot enter them; still less do they penetrate the fibrille
within the fibre : these, indeed, are much smaller than the finest
vessel. The nutrient fluid, on exuding from the vessels, has
here, therefore, as well as in the non-vascular tissues, to per-
meate the adjoining mass by transudation, in order to reach
these elements, and yield new substance at every point where
renovation is going on. The vessels of a tissue have, indeed,
been not unaptly compared to the artificial channels of irriga-
tion which distribute water over a field ; just as the water pe-
netrates and pervades the soil which lies between the intersecting
streamlets, and thus reaches the growing plants, so the nutritious
fluid, escaping through the coats of the blood-vessels, must per-
meate the intermediate mass of tissue which lies in the meshes
of even the finest vascular network. The quantity of fluid sup-
plied, and the distance it has to penetrate beyond the vessels,
will vary according to the proportion which the latter bear to
the mass requiring to be nourished.

We have seen that in the cuticle the decayed parts are
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thrown off at the free surface; in the vaseular tissues, on the
other hand, the old or effete matter must be first reduced to a
liquid state, then find its way into the blood-vessels, or lympha-
tics, along with the residual part of the nutritive plasma, and be
by them carried off. But, in certain cases, the mode of removal
of the old matter is not clear ; as, for example, in the crystal-
line lens, which is destitute of vessels, and grows by deposition
of blastema and formation of cells at its surface : here we should
infer that the oldest parts were nearest the centre, and, if we
suppose them to be changed in nutrition, it is puzzling to ac-
count for their removal.

From what has been said, it is clear that the vessels are not proved to per-
form any other part, in the series of changes above deseribed, beyond that of
conveying matter to and from the scene of nutrition ; and that this, though a
necessary condition, is not the essential part of the process. The several
acts of nsmuﬁing and assimilating new matter, of conferring on it organie
structure and form, and of disorganizing again that which is to be removed,
which are so many manifestations of the metabolic and plastic properties
already spoken of, are performed beyond the blood-vessels. Tt 18 plain, also,
that a tissue, though devoid of vessels, and the elements of a vascular tissue,
though placed at an appreciable distanee from the vessels, may still be or-
ganized and living structures, and within the dominion of the nutritive pro-
cess.  How far the sphere of nutrition may, in eertain cases, be limited, is a
question that still needs further investigation ; in the cuticle, for example,
and its appendages, the nails and hairs, which are placed on the surface of
the body, we must suppose that the old and dry part, which is about to be
thrown off or worn away, has passed out of the limits of nutritive influence ;
but to what distance beyond the vascular surface of the skin the provinee of
nutrition extends, has not been determined,

Regeneration.—When part of a texture has been lost or re-
moved, the loss may be repaired by regeneration of a new por-
tion of tissue of the same kind ; but the extent to which this
restoration is possible is very different in different textures.
Thus, in muscle, a breach of continuity may be repaired by a
new growth of cellular tissue; but the lost muscular sub-
stance is not restored. Regeneration occurs in nerve, but
only in a very limited degree: in bone it takes place much
more readily and extensively, and still more so in fibrous
and cellular tissue. The special circumstances of the regenera-
tive process in each tissue will be considered hereafter ; but we
may here state generally, that, as far as is known, the reproduction
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of o texture is effected in the same manner as its original forma-
tion ; lymph or fibrin derived from the liquor sanguinis is de-
posited as blastema, and in this the elements of the tissue appear
in the way already described.

In experimental inquiries respecting regeneration, we must
bear in mind, that the extent to which reparation is possible, as
well as the readiness with which it occurs, is much greater in
many of the lower animals than in man. In newts, and some
other cold-blooded vertebrata, indeed, (not to mention still more
wonderful instances of regeneration in animals lower in the scale,)
an entire organ, a limb, for example, is readily restored, com-
plete in all its parts, and perfect in all its tissues.

In concluding what it has been deemed advisable in the foregoing pages
to state respecting the development of the textures, we may remark, that,
besides what is due to its intrinsic importance, the study of this subject de-
rives great additional interest from the aid it promises to afford in its appli-
cation to pathologieal inquiries. Researches which have been made within
the last few years, and which are still zealously carried on, tend to show that
the structures which constitute morhid growths are formed by a process ana-
logous to that by which the natural or sound tissues are developed : some
of these morbid produetions, indeed, are in no way to be distinguished from
cellular, fibrous, cartilaginous, and other natural struetures, and have, doubt-
less, a similar mode of origin ; others, again, as far as 7yet appears, are pecu-
liar in structure and composition, but still their production is with much
probability to be referred to the same general process. The prosecution of
this subject, however, does not fall within the scope of the present work.
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THE BLOOD.

FHYSICAL AND ORGANIC CONSTITUTION.

Tue most striking external character of the blood is its well-
known colour, which is florid red in the arteries, but of a dark
purple or modena tint in the veins. It is a somewhat clammy
and consistent liquid, a little heavier than water, its specific
gravity being 1052 to 1057 ; it has a saltish taste and a peculiar
faint odour.

To the naked eye the blood appears homogeneous ; but when
examined with the microscope, either while within the minute
vessels, or when spread out into a thin layer upon a piece of glass,
it is seen to consist of a transparent colourless fluid, named the
* lymph of the blood,” ¢ liquor sanguinis,” or plasma,” and
minute solid particles or corpuscles immersed in it. These
corpuscles are of two kinds, the red, and the colourless: the
former are by far the most abundant, and have been long known
as ¢ the red particles,” or ¢ globules,” of the blood; the
*“ colourless,” or * pale corpuscles,” on the other hand, being
* fewer in number, and less conspicuous, have only within the
last few years been generally recognized by microscopic ob-
servers. When blood is drawn from the vessels, the liquor
sanguinis separates into two parts ;—into fibrin, which becomes
solid, and a pale yellowish liquid named serwm. The fibrin
in solidifying involves the corpuscles and forms a red con-
sistent mass, named the clot or crassamentum of the blood,
from which the serum gradually separates. The relation
between the above-mentioned constituents of the blood in the
liquid and the coagulated states may be represented by the sub-
joined scheme :

Corpuscles : :
Liquid Fibrin . . }Ght
blood
Liguor sanguinis Coagulated blood.

Serum .
Red corpuscles.—These are not spherical, as the name ¢ glo-

bules,” by which they have been so generally designated, would
[
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seem to imply, but fattened or disk-shaped. Those of the hu-

man blood (fig. 16',",?) have a nearly circular outline, like a piece

of coin, and most of them also present a

shallow cup-like depression or dimple on

: @CE?? @ };oth surfaces ; their lllﬂllﬂ:l Egufc-: is,. there-

2 3 ore, that of biconcave disks. Their mag-

9 & nitude differs somewhat even in the same

: drop of blood, and it has been variously

assigned by authors; but the prevalent size may be stated at

from —L—th to t—th of an inch in diameter, and about one-
fourth of that in thickness.

In mammiferous animals generally the red corpuscles are
shaped as in man, except in the camel tribe, in which they
have an eclliptical outline. In birds, reptiles, and most fishes,
they are oval disks with a central elevation on both surfaces,
(fg. 17, from the frog,) the height and extent of which, as well

as the proportionate length
Fig. 171 and breadth of the oval,
vary in different instances,
so that in some osseous
fishes the elliptical form
is almost shortened into a
circle. The blood-disks
of the lamprey and other
eyclostomatous fishes, are
circular and biconeave; thus in figure exactly resembling those
of man. The blood corpuscles of invertebrata, though they
want the red colour, are also, for the most part, flattened or disk-
shaped ; being in some cases circular, in others oblong, as in the
larvee of aquatic insects. Sometimes they appear granulated on
the surface like a raspberry, but this is probably due to some
alteration occurring in them.

The size of the corpuscles differs greatly in different kinds of

animals ; it is greater in birds than in mammalia, and largest of

Fig. 16'.*

* Red corpuscles of human blood, magnified about five hundred diame-
ters (Wagner). 1, shows depression on the surface. 2. A corpuscle seen
edgeways. 3. Red corpuscles altered by exposure.

+ Blood corpuscles of the frog, magnified about five hundred diameters.
1, shows their broad surface. 2. One seen edge-ways. 3, shows the effect
of weak acetic acid ; the nueleus has become distinet. 4. A colourless or
lymph corpuscle (from Wagner.)
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all in the naked amphibia. They are for the most part smaller
in quadrupeds than in man ; in the elephant, however, they
are larger, being -—th of an inch, which is the largest size
yet observed in the blood corpuscles of any mfummlf'emus animal :
the goat was long supposed to have the smallest, viz. about
=355t of an inch ; but Mr. Gulliver has found that they are
much smaller in the Napu musk-deer, being less than 1—ﬂ~ﬁth
of an inch in that animal. 1In birds they do not vary in size so
much : from Mr. Gulliver’s very elaborate tables of measure-
ment it appears that they range in length from about —'-—th to
s3ooth of an inch; he states that tlmlr breadth is usun]];,r a
little more than half the length, and their thickness about a
third of the breadth, or rather more. He found a remarkable
exception in the corpuscles of the snowy owl, which measure
T555th of an inch in length, and are only about a thircl of
this in breadth. In scaly reptiles they are from —'—th to
”Mth in length ; in the naked amphibia they are much Im*ger
thus, in the frog they are . '~th of an inch long, and 1 th
broad ; in the salamander the}' nrc larger still ; but the largest
yet known in any animal are those of the proteus, which
are upwards of —l-th of an inch in length: the siren, which
is so much allied to the proteus in other respects, agrees with
it also in the very large size of its blood corpuscles ; they mea-
sure 1 th of an 1nch in length, and 7<th in breadth. In the
skate and shark tribe the corpuscles resemble those of the frog,
in other fishes they are smaller.

From what has been stated, it will be seen that the size of
the blood corpuscles in animals generally is not proportionate to
the size of the body; at the same time Mr. Gulliver remarks,
that, “if we compare the measurements made from a great
number of different species of the same order, it will be found
that there is a closer connexion between the size of the animal
and l'.hal. of its blood corpuscles than has been generally sup-
posed ;” and he has pointed out at least one r:mmple of a very
natural group of quadrupeds, the ruminants, in which there is a
gradation of the size of the corpuscles in relation to that of the
body.

Structure.—The large corpuscles of the frog and salamander
can be easily shown to consist of a thin, transparent, vesicular
envelope, enclosing an apparently solid oval nueclens in the
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centre, with a quantity of softer red-coloured matter disposed

round the nucleus and filling up the space between it and the

envelope. When exposed to the action of weak acetic acid,

(fig. 17.%) the colouring matter is speedily extracted, and the

nuclens becomes distinet, whilst the delicate envelope is ren-

dered so faint as to be scarcely visible ; but its presence may be

still made obvious by adding solution of iodine, which gives

it colour and opacity. If strong acid be used, the envelope

will at length be dissolved entirely. Pure water extracts the

colour and distends the vesicle by imbibition, altering its shape

from oval to round, and making the nucleus more conspicuous.

Both the one and the other of these re-agents sometimes cause

the envelope to burst ; the nucleus then escapes, and the structure

of the corpuscle is demonstrated still more plainly. These
effects are caused by the thinner exterior fluid passing through,

by endosmosis, to the thicker matter within the vesicle; and pre=
cisely the opposite effect may be produced by immersing the cor-

puscles in a fluid of a sufficiently high degree of concentration,

so as to cause the predominant current to pass from within

outwards. Accordingly, on using a strong solution of salt or of
sugar, the vesicles will shrink and become thinner; and, no

doubt, the variations in plumpness which the corpuscles often -
naturally present are owing to differences in the degree of
concentration of the surrounding liquid. The nucleus (fig.

17',%) is rather more than a third of the length of the corpus-

cles; it appears, especially after being exposed to the action

of vinegar, to be composed of tolerably large granules, and,

when so treated at least, it is quite free from colour. The

envelope appears as an exceedingly fine, homogencous, and

pellucid membrane. The coloured content of the corpuscle is

a pale red matter, very faintly granular; it surrounds the nu-

cleus, and occupies the space between it and the vesicular en-

velope. The envelope and red matter are obviously of a soft

and yielding nature, for the corpuscles alter their shape on the

slightest pressure, as is beautifully seen while they move within

the vessels; they are also elastic, for they readily recover their

original form again. It must be remarked, that the blood

corpuscles when viewed singly appear very faintly coloured, and

it is only when collected in considerable quantity that they pro-

duce a strong deep red.
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A structure consisting of envelope, nuclens, and red matter,
as shown in the large blood-disks of amphibia, may be demon-
strated in many other instances, and by analogy has been infer-
red to exist in all, man not excepted. But the existence of a
nucleus in the blood corpuscles of man and mammalia is, at
best, extremely doubtful ; and few inquirers have been able to
satisfy themselves of it by actual observation. Hewson and
Miiller, it is true, believed that they had actually seen the
nucleus in the human blood-disk, and that they could demon-
strate its existence by the action of water (Hewson), or acetic
acid (Miiller) ; but, although the human corpuscle changes its
figure and loses its colour when exposed to these agents, and
although its pellucid vesicular envelope, and the pale, red, soft
substance contained within, can be readily shown, yet some of
the most careful observers who have recently inquired into the
subject, and among them Mr. Gulliver, with whom my own
observations would lead me to concur, profess not to have been
able to discover a nucleus by any mode of examination they
could devise; others deny its general existence in the human
blood corpuscles, but believe it is present in a few of them.

The human blood corpuscles, as well as those of the lower
animals, often present deviations from the natural shape, which
are most probably due to causes acting after the blood has been
drawn from the vessels. Thus, it is not unusual for many of
them to appear indented or jagged at the margin, when ex-
posed under the microscope (fig. 16”,%), and the number of
corpuscles so altered often appears to increase during the time of
observation. This is, perhaps, the most common change ; but
they may become distorted in various other ways, and corru-
gated on the surface; not unfrequently one of their concave
sides is bent out, and they acquire a eup-like figure. It is even
a question with some observers, whether the biconecave figure
which the corpuscles generally present may not be due to a dis-
tention of the circumferential part of an originally flat disk.
M. Gulliver made the curious discovery, that the corpuscles of
the Mexican deer and some allied species present very singular
forms, probably in consequence of exposure; the figures they
assume are various, but most of them become lengthened and
pointed at the ends, and then often slightly bent, not unlike
caraway seeds.
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The red disks, when drawn from the vessels, have a singular
tendency to run together, and to cohere by their broad surfaces,
s0 as to form by their aggregation cylindrical columns, like piles
or rouleaus of money, and the rolls or piles themselves join toge-
ther into an irregular network (fig. 18"). In a few moments

Fig. 18'* after this has taken place, a heaving
or slowly oscillating motion is ob-
servable in the mass, and the rolls
may then become broken up, and the
corpuscles more or less completely
digjoined (Jones). Generally the cor-
puscles separate on a slight impulse,
and they may then unite again. The
nature of the attraction exerted be-
tween the corpuscles is doubtful ; but it may be remarked,
that the phenomenon will take place in blood that has stood
for some hours after it has been drawn, and also when the glo-
bules are immersed in serum in place of liquor sanguinis.

Pale or colourless Corpuscles (fig. 19").—These are com-

Fig. 19':+ paratively few in number, of a rounded and slightly

‘D flattened figure, rather larger in man and mammalia

: than the red disks, and varying much less than the

@. @ latter in‘ size and aspect in different animals. They

are destitute of colour, finely granulated on the sur-

face, and specifically lighter than the red corpuscles. Water

has little effect on them ; acetic acid brings speedily into view a

nueleus, consisting sometimes of one, but more commonly of two

or three, rarely four, large clear granules (fig. 19,% %) ; a deli-

cate envelope at the same time comes into view, which becomes

distended so as to augment the size of the globule, and is even-
tually dissolved, the nucleus remaining.

Liguor Sanguinis, or Plasma—This is the pale clear fluid
in which the corpuscles are naturally immersed. Its great cha-
racter is its strong tendency to coagulate when the blood is with-
drawn from the circulating current, and on this account it is diffi-
cult to procure it free from the corpuscles. Nevertheless, by filter-

* Red corpuscles collected into rolls (after Henle).

+ Pale corpuscles of human blood, magnified about five hundred diame-
ters. 1. Natural aspect. 2and 3. Acted on by weak acetic acid, which
brings into view the single or composite nucleus.
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ing the slowly coagulable blood of the frog, as was first practised
by Miiller, the large corpuscles are retained by the filter, while the
liquor sanguinis comes through in perfectly clear and colourless
drops, which, while yet clinging to the funnel, or after they
have fallen into the recipient, separate into a pellucid glassy
film of fibrin, and an equally transparent diffluent serum.
When human blood is drawn in inflammatory diseases, as well
as In some other conditions of the system, the red particles
separate from the liquor sanguinis before coagulation, and leave
the upper part of the liquid clear. In this case, however, the
plasma is still mixed with the pale corpuscles, which, being
light, accumulate at the top. On coagulation taking place in
these circumstances, the upper part of the clot remains free from
redness, and forms the well-known * buffy coat™ so apt to ap-
pear in inflammatory blood. Now, in such cases, a portion of
the clear liquor may be taken up with a spoon, and allowed to
separate by coagulation into its fibrin and serum, so as to
demonstrate its nature. Dr. A. Buchanan has pointed out
another method of separating the liquor sanguinis from the red
corpuscles, which I have repeatedly tried with success: it con-
sists in mixing fresh-drawn blood with six or eight times its
bulk of serum, and filtering through blotting paper ; the admix-
ture of serum delays coagulation, and a great part of the liquor
sanguinis, of course diluted, passes through the filter, and sub-
sequently coagulates.

Coagulated plasma, whether obtained from buffy blood, or
exuded on inflamed surfaces, presents, under the microstope, a
multitude of fine filaments confusedly interwoven, as in a piece
of felt ; but these are more or less obscured by the intermixture
of corpuscles and fine granules, the former having all the charac-
ters of the pale corpuscles of the blood. The filaments are no
doubt formed by the fibrin, as it solidifies in the coagulation of
the liquor sanguinis.

Blood may be freed from fibrin by stirring it with a bundle
of twigs, which entangle the fibrin as it concretes.
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COAGULATION O0F THE RBLOOD.

In explaining the constitution of the plasma, we have been
obliged so far to anticipate the account of the coagulation of
the blood. The following are the phenomena which usher
in and which accompany this remarkable change. Immedi-
ately after it is drawn, the blood emits a sort of exhala-
tion, the * halitus,” having a faint smell ; in about three or
four minutes a film appears on the surface, quickly spreading
from the circumference to the middle; a minute or two later
the part of the blood in contact with the inside of the vessel
becomes solid, then speedily the whole mass; so that, in
about eight or nine minutes after being drawn, the blood is
completely gelatinized. At about fifteen or twenty minutes, or
it may be much later, the jelly-like mass begins to shrink away
from the sides of the vessel, and the serum to exude from it.
The clot continues to contract, and the serum to escape, for se-
veral hours, the quickness and extent of the process varying
exceedingly in different cases; and, if the serum be poured off;
more will usually continue to drain slowly from the clot for two
or three days.

The nature of the change which takes place in the coagula-
tion of the blood has been already spoken of ; it is essentially
owing to the coagulation of the liquor sanguinis, the fibrin of
that liquid separating in form of a solid mass, which involves
the corpuscles, but allows the serum to escape from it in greater
or less quantity. But although the solidification of the fibrin,
and formation of a red clot, would undoubtedly take place
independently of any co-operation on the part of the corpuscles,
still it must not be forgotten that, in point of fact, the red disks
are not altogether passive while coagulation goes on; for they
run together into rolls, as already described, and the circum-
stance of their doing so with greater or with less promptitude
materially affects the result of the coagulating process. Thus,
there seems good reason to believe that, as H. Nasse has
pointed out, one of the causes, and in inflammatory bleod pro-
bably the chief cause, of the production of the buffy coat, is an
exaltation of the natural tendency of the red disks to run toge-



COAGULATION. lxxii

ther, whereby, being more promptly and more closely aggregated
into compact masses, they more speedily subside through the
liquid plasma, leaving the upper part of it colourless by the
time coagulation sets in ; and Mr. Jones has drawn attention to
another influential circumstance derived from the same source,
namely, the more rapid and close contraction of the network, or
spongework, as he terms it, into which the little rolls of cor-
puscles unite, and the consequent expulsion of great part of the
liquor sanguinis from its meshes before the fibrin solidifies, the
mass of aggregated corpuscles naturally tending to the lower part
of the vessel, whilst the expressed plasma, being lighter, accumu-
lates at the top. Of course, it is not meant to deny that more
tardy coagulation of the blood would produce the same result as
more speedy aggregation of the corpuscles; it is well known,
ndeed, that blood may be made to show the buffy coat by de-
laying its coagulation, but buffed inflammatory bloed is not always
slow in coagulating.

Various causes accelerate, retard, or entirely prevent the
coagulation of the blood ; of these, it will here suffice to indj-
cate the more important and best ascertained.

1. Temperature.—Cold delays, and at or below 40 degrees
Fahr. prevents, coagulation ; but even frozen blood, when
thawed and heated again, will coagulate. Moderate elevation
of temperature above that of the body promotes coagulation.

R. Coagulation is accelerated by free exposure of the blood,
even in vacuo, but especially by exposure to air and various
other gases ; also, but in a less degree, by contact with foreign
bodies generally. On the other hand, the maintenance of its
fluidity is favoured by exclusion of air, and by contact with the
natural tissues of the body, so long at least as these retain their
usual vital and physical properties.

3. Cessation of the blood’s motion within the body favours
coagulation, probably by arresting those perpetual changes of
material, both destructive and renovative, to which it is natu-
rally subject in its rapid course through the system. Agitation
of exposed blood, even in vacuo, accelerates coagulation, most
probably by increasing its exposure.

4. Water, in a proportion not exceeding twice the bulk of
the blood, hastens coagulation ; a larger quantity retards it.
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Blood also coagulates more speedily when the serum is of low
specific gravity, indicative of much water in proportion to the
saline ingredients.

5. Almost every substance that has been tried, except caus-
tic potash and soda, when added to the blood in minute pro-
portion, hastens its coagulation ; although many of the same
substances, when mixed with it in somewhat larger quantity,
have an opposite effect. The salts of the alkalies and earths,
added in the proportion of two or three per cent. and upwards,
retard, and, when above a certain quantity, suspend or prevent
coagulation ; but, though the process be thus suspended, it
speedily ensues on diluting the mixture with water. The caus-
tie alkalies perinanently destroy the coagulability of the blood.
Acids delay or prevent coagulation. Opium, belladonna, and
many other medicinal agents from the vegetable kingdom, are
said to have a similar effect; but the statements of experi-
menters by no means entirely agree respecting them.

6. Certain states of the system.—Faintness occasioned by
loss of blood favours coagulation ; states of excitement are said
to have, though not invariably, the opposite effect. Tmpeded
adration of the blood in disease, or in suffocative modes of
death, makes it slow o coagulate. So also in cold-blooded
animals, with slow circulation and low respiration, the blood
coagulates less rapidly than in the warm-blooded ; and, among
the latter, the tendency of the blood to coagulate is strongest
in birds, which have the greatest amount of respiration and
highest temperature.

7. Coagulation commences earlier, and is sooner completed,
in arterial, than in venous blood. Dr. Nasse finds that woman’s
blood begins to coagulate nearly two minutes sooner than that of
the male sex.

In general, when blood coagulates quickly, the clot is more
bulky and less firm, and the serum is less effectually expressed
from it ; and causes which affect the rapidity of coagulation
will also occasion differences in the proportion of the moist
clot to the exuded serum.

There is no sufficient evidence of evolution of heat or of
disengagement of carbonic acid from blood during its coagulation,
which some have supposed to oceur.
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CHEMICAL COMPOSITION OF THE EBLOOD.

The blood is slightly alkaline; it has been found that a
drachm of blood is capable of saturating rather more than a drop
of vinegar. Carbonic acid, oxygen and nitrogen gases, may be ex-
tracted from it in proportions which differ in arterial and venous
blood, and which will be subsequently given. On being evapo-
rated, 1000 parts of blood yield, on an average, about 790 of
water, and 210 of solid residue.

It bas been ascertained by analysis that blood has the same
ultimate composition as flesh; an observation which is obvi-
ously of great interest in reference to the office performed by
the blood in nutrition. A comparative examination of dried
ox-blood and dried flesh (beef), by Playfair and Beeckmann,
gave the following mean result :

Flesh, Blond,

Carbon ; 3 . 4 : . Dl1-BG 51-96
Hydrogen / ; ; . : 765 Fiielty
Nilrugen - - : : : « 1503 1507
Oxygen . 2 : : ] ; 21-30  21'30
Ashes ; : ; ; : o R 4-432

Deducting the ashes, or inorganic matter, the composition of
the organic part is such as corresponds with the formula C
Hgo, Ng, Oy

Red Corpuscles.—These consist, as already stated, of enve- Chemical

lope, red contents, and, in many animals, a mucleus. The Sy qire
nucleus is, by some writers, considered to be of the nature of
fibrin ; but others have likened it to coagulated albumen, from
the manner in which it withstands the action of acetic acid.
The envelope approaches most to fibrin in its characters. The
included red matter consists of two substances,—one named
globulin, of itself colourless, and very nearly allied to albumen
in its nature ; the other, a colouring principle named hematin,
or hamatosin, which imparts redness to the first. These may
be separated by the following process.

469
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Blood deprived of fibrin by stiming is mixed with at least four times its
bulk of saturated solution of sulphate of soda, and thrown on a filter ; a few
of the corpuscles pass through with the liquid, but the greater part remain
on the filter in form of a moist red mass, named the cruor. This iz boiled
with aleohol slightly acidulated with sulphuric acid ; the hasmatin is thereby
dissolved, while the colourless globulin remains behind in combination with
part of the sulphuric acid. Carbonate of ammonia is then added to the
acid solution of haematin while it is yet hot, to remove the sulphuric acid,
and, after being cleared by filtration from sulphate of ammonia, and a little
globulin which is precipitated, the liquor is evaporated to a twelfth of its
bulk ; it then deposits the hematin in form of a dark brown or almost
black powder, from which a minute proportion of fat may be extracted by
means of ether.

Hematin, as obtained by the above process, is insoluble in
water, alcohol, and ether ; but it readily dissolves in any of
these liquids after being mixed with potash, soda, or ammonia,
forming deep red solutions. Tt dissolves also in alcohol, to
which an acid has been added, but its acid combinations are in-
soluble in water. When burned, it yields nearly ten per cent.
of peroxide of iron, representing near seven per cent. of iron.
According to Mulder, it is composed of carbon 65°84, hydrogen
5°37, nitrogen 10:40, oxygen 1175, and iron 6:64; or Gy,
His, Nj, O, Fe.

Chemists have differed in opinion as to the condition in which iron exists
in the heematin : some have supposed that the metal enters into the formation
of the organie compound, and holds the same rank in its constitution as the
carbon, hydrogen, and other constituents: but others conceive that it is in
the state of oxide or salt, and, as such, combined or mixed with the organic
matter, in a similar manner, perhaps, as oxides and salts may be combined
with albumen. An experiment of Scherer seems conelusive against the for-
mer view, and shows that the iron, though a constant ingredient in the red
corpuscle, is not an essential constituent of the hematin, By treating
cruor with sulphuric acid, the ¢hemist named succeeded in entirely separat-
ing the iron from it, and after this it nevertheless imparted an intensely
red colour to aleohol. Thisfact also proves that the red colour of the blood
is not due to iron, as some have believed.

Globulin.—When the heematin has been extracted from the
blood corpuscles by the foregoing method, the globulin remains
in combination with sulphuric acid. It is a protein compound,
agreeing with albumen in composition, and in all its properties,
except the two following, viz. its insolubility in serum, that is,
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in a saline solution which holds albumen dissolved ; and, se-
condly, its coagulation, by heat, in form of a granular mass,
different in aspect from coagulated albumen. Henlé suggests
that both peculiarities may be due to the circumstance, that the
albuminous matter is enclosed, and, in some degree, protected,
by the envelopes of the corpuscles, which remain after extrac-
tion of the hematin; and he thinks that globulin is probably
nothing but albumen with the membranous envelopes (and nu-
clei, when present,) of the blood particles. Lecanu and Liebig
consider it albumen,

The cruor, or matter of the red corpuscles, which consists of
the globulin and heematin together, may be dissolved in water ;
and its solution, which contains the envelopes in suspension,
coagulates by a heat of 181 degrees. Its effects with re-agents,
both in its soluble and coagulated state, resemble those of albu-
men under like circumstances. Berzelius reckons the relative
proportions of globulin and hamatin as 94:5 of the former,
and 5'5 of the latter. The corpuscles are supposed also to
contain a solid phosphuretted fat in small quantity, but its pro-
portion has not been determined. 100 parts of dry cruor yield
by calcination about 13 of brown alkaline ashes, which consist
of carbonate of soda with traces of phosphate 03, phosphate
of lime 0°1, lime 0-2, subphosphate of iron 0°1, peroxide of
iron 05, carbonic acid and loss 0-1.

The red corpuscles form by far the largest part of the organic
matter in the blood: their proportion may be ascertained by
filtering beat blood mixed with solution of Glauber’s salt, as
already mentioned ; or by weighing the dried clot, and making
allowance for the fibrin it contains. From Lecanu’s determina-
tions we may reckon the amount of the corpuscles as about
120 or 130 parts in 1000 of blood. Simon gives a lower
estimate ; but, apart from differences due to the methods of
determining it, the quantity is really subject to great fluctua-
tion.

Denis and Lecanu state that, as a general rule, the proportion of red par-
ticles is greater in the blood of the male sex than in that of the female,
whilst the proportion of albumen is about the same in both. Lecanu gives
the following mean result, derived from numerous analyses, exhibiting the
proportion of crassamentum and water in the blood of the two sexes. No
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deduction is made for the fibrin ; but, considering its small relative quantity,
any possible variation in it cannot materially affect the general conclusion.

Mule. Female.
Crassamentum, from 1158 to 148 . . . 683 to 1290
Water . . . . 778 toB805 ., . . 790 to 853.
He found the following differences according to temperament :
Male. Female.
Sanguine temperament . . . 1364 . . . 1261
Lymphatic temperament . . 1166 . . . 1173

As regards age, Denis found the proportion of crassamentum greatest be-
tween the ages of 30 and 40. Sudden loss of blood rapidly diminishes the
proportion of the crasssmentum. In two women, who had suffered from
uterine hemorrhage, the erassamentum amounted to only 70 parts in 1000.
The same effect may be observed to follow ordinary venesection. In a per-
gon bled three times in one day, Lecanu found in the first-drawn blood 139,
and in the last only 76 parts of erassamentum in the 1000. This effect may
be produced very suddenly after a bleeding. Prevost and Dumas bled
a cat from the jugular vein, and found 116 parts of erassamentum in 1000,
but, in blood drawn five minutes afterwards, it was reduced to 93. The sud-
den loss of blood probably causes a rapid absorption of serous and watery
fluid into the vessels, and thus diminishes the relative amount of the red
particles. It is found that the blood of warm-blooded animals is richer in
crassamentum than that of the cold-blooded ; and, among the former, the
proportion is highest in the class of birds.

Liguor Sanguinis.—The fluid part of the blood, as already
described, separates spontaneously into fibrin and serum. The
fibrin may be obtained by stimring the blood as soon as possible
after it is drawn, or by washing the crassamentum with water, to
free it from cruor. Procured in either of these ways, the fibrin
contains pale corpuscles and a small portion of fat. From dried
fibrin of healthy human blood, Nasse obtained near 5 per cent.
of fat, and still more from the fibrin of buffy blood. The pro-
portion of fibrin in the blood does not exceed 21 parts in 1000
indeed, according to the greater number of observers, it is not
more than 21. As a general rule, the quantity is somewhat
greater in arterial than in venous blood, and 1t is increased in
certain states of the body, especially in inflummatory diseases
and in pregnancy. Nasse thinks that the whole fibrin cannot
be separated from the blood by the processes employed, for he
believes that a portion remains suspended in the liquid in form
of minute microscopic seales or films.
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Denis pointed out, that fibrin obtained from the coagulum of venous blood,

Effect of

if quite recent, and not previously much exposed to the air, is capable of nitre on

being slowly dissolved in a slightly-heated solution of nitre. Scherer and
Nasse have confirmed this statement, and the latter finds that fibrin got by
stirring may also be dissolved in the same way, provided it is quite fresh.
On the other hand, nitre does not dissolve fibrin of arterjal blood, nor fibrin
that has been some time exposed to the air, from whatever source it may
be derived; nor, according to Scherer, the fibrin of the buffy coat. The
properties of pure fibrin have been already described (p. xxii).

Serum.—This is a thin and usually transparent liquid, of a
pale yellowish hue ; its specific gravity ranges from 1025 to
1030, but is most commonly between 1027 and 1028 (Nasse).
It is always more or less alkaline. When heated, it coagulates,
in consequence of the large quantity of albumen it contains ; and,
- after separation of the albumen, a thin saline liguid remains,
sometimes named “ serosity.” The following ingredients are
found in the serum.

Albumen.—The properties of this substance have been al-
ready stated ; its quantity may be determined by precipitating it
in the solid form by means of heat or alcohol, washing with
distilled water, drying, and weighing the mass. Its proportion
is about 80 in 1000 of serum, or nearly 70 in 1000 of blood.

Casein.—A minute quantity of casein was detected in the
serum of ox’s blood by Gmelin ; it has also been found in human
blood.

Fatty compounds.—It has been already stated that the red
corpuscles and the fibrin yield a minute quantity of fat ; but the
greatest part of the fat of the blood remains in the serum,
partly dissolved, and partly diffused in the liquid. It may be
separated by gently agitating the serum with about a third of
its bulk of ether, or by evaporating the serum and digesting the
dry residue in ether, or in boiling aleohol. The turbid milky
aspect which serum often exhibits, is in most cases due to a

redundance of fat, and may accordingly be removed by agitation
with ether.

The fatty matters of the blood are of various kinds, viz. cholesterin, serolin,
and the ordinary saponifiable fats of the body (margarates and oleates); also,
according to Berzelius and Lecanu, a phospluretted fat, similar to that found
in the brain, Berzelius, indeed, is disposed to think that the blood contains
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every variety of fat that is found in other parts of the body. Lecanu could
not obtain the phosphuretted fat from either the serum or the fibrin, and
Berzeliug therefore supposes that it is associated with the red corpuseles; he
also states that the fat extracted from the fibrin is different from ordinary
fat. The propertics of most of these fatty prineiples have been already
discussed (page xxxi). The usual quantity of fat of all kinds in 1000 parts
of blood is stated by Lecanu to be 515, by Simon 2:3, and by Nasse 20.

Extractive matters.—When the serum has been freed from
albumen by coagulation, and from fat by ether, and is evapo-
rated to dryness, a yellowish or brown mass remains, consisting
of organic matters mixed with salts ; the former belonging prin-
cipally to the ill-defined class of substances denominated ¢ ex-
tractive matters.”

To examine them, Berzelius directs that the mass should be first treated
with anhydrous aleohol ; this takes up a substance which he thinks is proba-
bly derived (by decomposition or some other change) from the albuminous
ingredients of the blood. Next, rectified spirit (of -833 spec. grav.) is to be
used, which dissolves from the residue chlorides of sodium and potassium,
and lactate of soda, together with the heterogeneous mixture of extractive
matters known under the name of osmazome, of which an account has been
already given (page xxx). The residunl mass, after this, contains alkaline
carbonates, phosphates, and sulphates, and one or more animal substances,
in small quantity. Among the latter may be noticed,—1. one that is pre-
cipitable by tannin, and which, like the one taken up by the pure aleohol,
appears to be derived from the albuminous constituents of the blood: 2. a
remnant of coagnlated albumen, which has been kept in solution by free or
carbonated alkali, but is thrown down when the alkali is saturated by acetic
acid. Lecanu found, in 1000 parts of blood, 1'8 parts of extractive soluble
in spirit, and 1'6 of extractive soluble in water only.

Colouring principles—A yellow or greenish-yellow colour-
ing principle, which appears to be the same as that of the bile,
has been found by various chemists in the blood of per-
sons affected with jaundice, and, according to Lecanu and

Denis, a certain amount of it may be detected even in healthy
blood.

Sanson extracted a blue eolouring matter from bullocks’ blood; but his
ohservation seems not to have been repeated by other chemists. He diluted
the beat blood (red particles and serum) with water, precipitated it by
acetate of lead, and boiled the dried precipitate in alcohol, which deposited
the blue matter on cooling.
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Odoriferous matters.—Denis describes three. 1. One com-
bined with fat, and of a garlick smell. 2. One supposed to
depend on a volatile oil, with an odour said to be of peculiar
character in each species of animal, and to be heightened by
adding sulphuric acid to the Dblood. 3. One of a variable
character, derived from the food.

Urea.—This substance, which accumulates in the blood of
animals after extirpation of the kidneys or ligature of the renal
arteries, as well as in certain diseases, has been found in very
minute quantity in the healthy blood of the ox and of the calf,
by Marchand and Simon.

Salts.—1. Having soda and potash as bases, combined with
lactic, carbonie, phosphoric, sulphuric, and fatty acids. Also
chlorides of sodium and potassium, the former in large pro-
portion. 2. Lactate of ammonia. 8. Salts with earthy bases,

viz. lime and magnesia with phosphorie, carbonie, and sulphurie
acids.

The earthy salts are for the most part associated with the albumen, but
partly with the crassamentum. As they are obtained by caleination, it has
been suspected that the phosphoric and sulphurie acids may be in part
formed by oxidation of the phosphorus and sulphur of the protein com-

pounds. Nasse found in 1000 parts of blood 4 to 7 of alkaline, and 0-53 of
carthy salts.

Gaseous contents— In a well-exhausted receiver of an air-
pump, blood yields earbonic acid, and, according to Magnus,
also oxygen and nitrogen gases. Carbonic acid may also be
extracted from it by exposing it for some time to a stream of
hydrogen. Chemists, however, are by no means all satisfied
that the gas obtained by any of these methods exists in the
blood in a free state.

Liebig brings arguments to prove that the carbonic acid extricated in
vacuo is derived from bicarbonate of soda ; a solution of which, it is well
known, yields up a portion of its carbonic acid when atmospherie pressure is
removed from it. It is also worthy of remark that hydrogen extracts more
earbonie acid when the blood has stood for some time than when it is per-
feetly recent ; from which it is suspected that the carbonie acid evolved in
that process may have been liberated by some reaction of the ingredients of
the blood on each other,

Magnus found that, when arterial and venouns blood were submitted to the
air-pump, the former afforded all the three gases in larger proportion than the
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latter, but that the ratio of the carbenic acid to the oxygen was greater in
the venous than in the arterial. The actual amount was very varialile, but
the mean quantities (by volume) obtained from 100 parts of blood were as

under, viz, :

Gases. From arterial blood.  From venous blood.
Carbonie aeid . ; 710 z ’ 535
Oxygen . ! ! 265 ! ; 121
Nitrogen g |G ey
1110 769

There is, however, some ambiguity as to the oxygen, since neither Dr. J.
Davy nor Enschut could obtain that gas from either kind of blood. Both
these experimenters obtained more carbonic acid from venous than from
arterial blood,

The following statement of the mean composition of human
venous blood is from Lecanu. (Itudes chimiques sur le sang
humain, Paris, 1837.)

Free oxygen, nitrogen, and carbonie acid- )
Extractive matters
Fatty matters, viz.
Phosphuretted fat
Cholesterin
Berolin
Oleie and margarie acids (free)
Ditto eombined with soda
Volatile odoriferous oily acid
{combined with a base).
Salts, viz. 3
Chloride of sodium flﬂ e
2 potassium
Hydrochlorate of ammonia
Carbonate of soda
" lime
“]-IIg[][:SIﬂ

::Sf.-rum . . B8915

Eh]
Phosphate of soda

”, lime
- magnesia
Lactate of soda

Yellow colouring matter J
Albumen . , ; ; : . B7-80
Water . ; : ! . . 790-87)
Fibrin : - . . ; . 205
Heematin T } Corpuscles 1 2?.U[J}G1'nssamcntmn 130-85

Albumen (globulin) 12563
1000
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Differences between Arterial and Venous blood.—The different
effects they are capable of producing in the living body are not
considered here. Arterial blood is, according to most observers,
near two degrees Fahr. warmer than venous. Tt is said to
coagulate sooner (Nasse). Its specific gravity is a very little
lower than that of venous blood, and it contains a very little
more water (about 5 parts in 1000) in proportion to its solid
ingredients (Nasse, Simon, and Hering). The amount of
albumen, fat, extractive matter, and salts taken together scarcely
differs in the two kinds of blood. The fibrin is somewhat more
abundant in arterial blood, and differs from that of venous in
being insoluble in nitre. The amount of red corpuscles is said,
by Lecanu and Letellier, to be greater in arterial blood ; but this
is denied by Nasse and others. The red corpuscles of venous
blood contain more hamatin in proportion to their globulin
than those of arterial blood (Simon). Marcet and Macaire
found, by ultimate analysis, more oxygen and hydrogen, and
less carbon, in the elementary composition of arterial than in
that of venous blood ; Michaelis maintained that there was a
larger proportion of oxygen to the red corpuscles of arterial
blood, but not in its other ingredients. Berzelius doubts the
correctness of both statements. The alleged difference in the
proportion of gases, and the discrepancies of the observations on
that head, have been already mentioned. The most striking and
well-known difference between the two bloods is in their colour.
Venous blood is rendered bright red by exposure to atmospheric
air, or to oxygen. This effect is greatly promoted by the saline
matter of the serum, and may be accelerated by adding salts or
sugar to the blood, especially by carbonate of soda and by
nitre; but, according to Nasse, the presence of serum, or of
saline matter, is not indispensable to its production, for although
the clot, when washed free from serum, does not redden on ex-
posure to oxygen, yet he found that the fresh clot, or red mat-
ter of the blood, when deprived of serum, and dissolved or dif-
fused in water, still becomes perceptibly brighter and more
transparent on exposure to oxygen, though the effect is slow in
appearing, whilst the colour is deepened, and the solution ae-
quires a turbid aspect, on being agitated with carbonic acid.
Salts added to dark blood, without exposure to air or oxy-
gen, cause it to assume a red colour, which, however, Nasse
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OSTEOLOGY.

THE SKELETON.

THE osseous structure is peculiarly fitted, by its solidity and
hardness, not only to give support to the soft parts, but also to
furnish points of attachment to the muscles, by which the differ-

ent movements are executed. This solid frame-work of the -

body is made up of a number of separate pieces, the aggregate
of which has been termed *¢ the skeleton,” (sceletum, oxsiha, to
dry.) The vertebral column may be considered as the central
or fundamental part of the whole, both because it exists in all
animals which possess an internal osseous skeleton, and also be-
cause the different parts of the osseous system are either imme-
diately or mediately connected with it as a common centre.
Thus, on its superior extremity, or apex, it supports the skull ;
laterally it gives attachment to the ribs, which arch forwards,
to form, with the sternum, a bony case for the lodgment of the
organs of respiration and circulation, at the same time that they
furnish, externally, points of support for the superior extremities :
inferiorly the column is immovably connected with the pelvie
bones, which are articulated with those of the lower extremity.
‘When proceeding with the description of the human body, it
is usual to comsider it as divisible into head, trunk, and ex-
tremities, which is sufficient for the purposes of a regional di-
vision ; but the skeleton must be viewed in a different way,
particularly if reference is made to its conformation in the various
orders of animals—to its developement—and to the subordi-
nation of its component parts. The spine being its essential
constituent, all the others (viz. the ribs and sternum, clavicle,

scapula, and upper extremities, the pelvic bones and lower ex-
n
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2 BONES—THEIR NUMBER.

tremities,) rank as accessories. The sacrum and coceyx are ob-
viously parts of the spine, so likewise are the cranial bones; for
though in outward appearance they differ so much in man and
the higher animals from the bones of the spine which are placed
beneath them, and with which they are articulated, they still are
but modifications of similar organic elements—repetitions, in
fact, of like parts differently developed to suit the peculiar rela-
tions into which they enter, and the purposes which they are
designed to serve.

The number of pieces which compose the osseous system
varies in the different ages of life ; for some, which in the first
instance are divided into two or more portions, become soldered
together as the process of ossification goes on. But authors are
far from being unanimous as to the number of bones which they
recognise even in the adult. Do the sesamoid bones form parts
of the skeleton, or are they mere accessory structures developed
in tendons? Are the teeth, os hyoides, and ossicula auditis,
to be enumerated as components or accessories? Monro and
Scemmering reckon 260 bones; and Meckel, who takes the
number at 253, includes the teeth, patelle, ossa sesamoidea, os
hyoides as five pieces, sternum as three, coccyx as four, and the
small bones of the ear. If, however, we omit those just named,
as being either accessories or connected with special organs, the
whole number of pieces found in the ordinary skeleton will be
197, as follow : —

The spinal column, properly so called, consists of 24
vertebree, the sacrum and the coceyx . ; . 2
The sl-.ull is made up of eight cranial bones, viz. the ocei-
pital, two parietal, two temporal, the frontal, the ethmoid
and sphenoid : —and of fourteen facial, viz. two nasal, two
lachrymal, two superior maxillary, two malar, two palatal,
two turbinated, one vomer, and the inferior maxillary bone 22
The ribs are 24 in number (twelve on each side), with
the sternum % : ; . Rb
The two superior extremities ennsrst ea{:h of a claﬂcle
and scapula, humerus, radius, and ulna, eight r:nrpal bones,
five metacarpal, and fourteen in the digital rows . . 64
The two inferior extremities comprise, each, one pelvic
bone (innominate), one femur, tibia, and fibula, seven
tavsal bones, five metatarsal, and fourteen digital . S TG0
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In the skeleton we recognise two great cavities (which are
again variously subdivided); one anterior and inferior, com-
prising the thorax and abdomen ; the other posterior and supe-
rior, formed by the union of the vertebral canal with the cranial
cavity.

VERTEBRAL COLUMN.

The vertebral column (columna vertebralis, rachis, spina,) is
situated along the median line, at the posterior part of the
trunk, the length of which it determines. Anteriorly it presents
the form of an nrregular pyramid—posteriorly, a series of elon-
gated processes (spine), disposed regularly one beneath the
other, from which circumstance the term * spine™ is derived.
Viewed as a whole, it resembles at first sight the shape of a long
bone, but it is very differently constructed. As it receives the
weight of the head and trunk, and transmits it to the base on
which it rests, it requires to be firm and resisting, its power of
resistance increasing gradually from above downwards. Being
the centre of all the movements of the body, it must be as
- pliant and flexible as a bow, but yet firm, in order to give ade-
quate protection to the spinal cord which it encloses. - All these
conditions are attained by its being made up of several small
pieces united by an elastic substance, the motion permitted
between each pair being slight, while the aggregate of all is con-
siderable.

VERTEBR.E.

The vertebre, or separate pieces of which the column is made
up, are so named from their mobility (vertere, to turn). They
are divided into ¢rue and false; the former term being applied
to those which remain separate in the adult, and retain their mo-
bility ; the latter to such as become united into one mass (viz.
the sacrum), or degenerate as it were, and lose all the ordinary
characters of vertebree (viz. the coceyx). The size of the ver-
tebree increases from above downwards as far as the first pieces
of the sacrum, from which it diminishes towards the end of the
coccyx, where it terminates by a point; so that the column may

be said to comsist of two pyramids applied to one another at
B 2
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their bases. The superior, or movable vertebre, however, do
not taper regularly from above downwards; they become some-
what narrowed and constricted as it were at the third dorsal ver-
tebra, after which they gradually enlarge towards the lower end.

- A. THE TRUE VERTEBR.E.

The true vertebre are divided into three sets, named from
the regions which they oceupy, cervical, dorsal, lumbar.

They present, 1. certain general characters by which they
may at once be distinguished from bones of any other class ;
2. those of each region (cervical, dorsal, lumbar,) exhibit
peculiar characters by which they are severally distinguished ;
3. certain vertebrs present special or individual characters.

1. CGENERAL CHARACTERS OF A VERTEBRA.

The objects presented by each vertebra are, a ring, a body,
articulating processes, transverse and spinous processes, and
notches. Of these, the ring, or foramen, merely to suit the
purposes of methodical description, may be considered the cen-
tral part. As the whole series of vertebra is intended to form
a pillar of support, each, with the exception of the first, presents
in front a convex mass (the body), which is a section of a cylin-
der, and which, by being piled one over the other, form the
pillar. As each bone must be securely joined with the ome
above it and that below it, there exist certain prominences
(articulating processes) for articulation with them. The column
being flexible, and partaking in the several movements of the
body, it is required that there be levers (transverse and spinous
processes) for the attachment of the muscles or moving powers.
Finally, it is necessary that a free communication should be
allowed for the nerves with the nervous centre contained in the
canal, and this purpose is served by the notches.

The various parts of a vertebra here named require more de-
tailed notice.

The ring (foramen vertebrale, rachidium,) is formed in front

5
by the body, and posteriorly by what is named the arch of the
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vertebre, from which latter the several processes project. As the
vertebree are piled one over the other, the rings are arranged so
as to form, with the aid of the interposed ligamentous structures,
a flexible canal for the lodgment and protection of the spinal cord.

The body forms the anterior and most considerable part of
the bone. Rounded before, and marked in the middle by a
transverse groove, which gives it a constricted appearance, it is
slightly hollowed posteriorly, where it contributes to the forma-
tion of the vertebral canal, and in most instances is flat on the
superior and inferior surfaces, by which, through the medium of
fibro-cartilage, it is connected with the contiguous bones. Its
outer surface all round presents numerous foramina for the pas-
sage of blood-vessels, principally veins. One of the holes situ-
ated about the middle of the posterior surface exceeds the others
very much in size; it lodges a large vein.

From the body at its lateral margins two processes pass back-
wards, called “ pedicles,” The pedicles join with the laminz, or
plates, and these, by inclining inwards, meet at the median line
posteriorly, so as to complete the *“ arch™ of the vertebra. From
the point of junction of the pedicles with the laminz at each side,
the articulating and transverse processes project; and from the
union of the two laminz the spinous process takes its origin.

Articulating or oblique processes.—For maintaining the con-
nexion between the contiguous vertebree, there are four pro-
cesses,—two superior, and two inferior,—which project, one on
each side, from the junction of the lamina with the pedicle.
T'wo of these processes project upwards, and two downwards ;
the smooth surfaces of the upper pair look backwards, those of
the lower, forwards; they are coated with cartilage, and articu-
late with corresponding processes of the next vertebree. Their
margins are rough for the attachment of ligaments.

The transverse and spinous processes form a series of levers
for the attachment of museles. The transverse processes, two
in number (one on each side) and named from their direction,
project laterally from the arch near the articulating processes,
between which their bases are interposed. The spinous process
is a single projection, situated posteriorly in the median line ;
this process, or rather the appearance presented by the aggre-
gation of those of the several vertebrae, has given to the entire
column one of its designations (spine).
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Lamine or plates.—The parts of the arch which intervene
between the bases of the spinous and the transverse processes
are thus named.

Pedicles and notches.—Lastly, the processes which extend
from the plates to the body of the bone, are called ¢ pedicles,”
as above stated. In each pedicle are seen two excavations, or
notches (incisurz), one on the upper, the other on the lower
border, the latter being deeper than the former. When the
vertebrz are placed in their natural position, the notches in the
contiguous margins of each pair of them form rounded apertures,
which communicate with the vertebral canal, and give trans-
mission to the spinal nerves and to the entering and emerging
vessels, From their position and mode of formation, they are
called the inter-vertebral foramina.

2.—CHARACTERS PECULIAR TO THE VERTEBR.E OF EACH
REGION OR CLASS.

CERVICAL VERTERBRR.E.

The cervical vertebree, fig. 1, are seven in number; they are
smaller than those in the other

Fig. 1. regions, which results from the

size of the body and processes
being less than that of the cor-
responding parts in the dorsal
and lumbar classes. The verte-
bral foramen is of a triangular
form, and larger proportionally
than in the other classes. The
body,! elongated transversely,
is thicker anteriorly than posteriorly ; for the under and fore
part of each dips down a little. The upper surface is broader
than the under one, and is rendered concave from side to side,
by two little plates, which project upwards from its lateral
margins. The lower surface is slightly convex, and rounded off

— = B

* This is a representation of a ecervical vertebra, seen from the left side:
1. The body. 2. The superior artieular proeess, 3. The inferior articular
process. 4. The transverse process. 5. The groove of this process. 6. The
spinous process. 7. The plate or lamina.
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at the sides. The superior articular processes® are flat and
oblique in their direction, so as to look backwards and upwards,
whilst the inferior® incline downwards and forwards. It is
only in the cervical vertebrae that these processes can be fitly
named ¢ oblique.” The articular surfaces are supported on
rounded and elongated little masses or pillars of bone. The
transverse processes,* short, and bifid at their extremities,
present a deep groove superiorly,® for the transmission of the
nerves, and at their base a foramen, through which in most of
them the vertebral artery passes. It will be observed, that
these processes have two roots or points of connexion with the
vertebra. The posterior one springs from the junction of the
pedicle with the arch, and therein corresponds with the trans-
verse processes in the back and loins. The anterior one is
attached to the side of the body of the vertebra, and ranges
with the ribs, of which it is a rudiment. The formation of the
foramen can, from these facts, be readily indicated. The
osseous points, which here represent the ribs, not being re-
quired for any special purpose, remain in their rudimentary
condition, and merely incline backwards, so as to become
anchylosed with the true transverse processes which lie behind
them. They thus enclose a space, viz. the foramen, which,
however, cannot be said to be intended to lodge the vertebral
vessels, as it exists in the seventh cervical vertebra, through
which they rarely pass, and in the sixth and fifth in those cases
in which the artery enters the fourth, The spinous process®
is short, projects horizontally backwards, and is bifid at its ex-
tremity.  The plates, or lamine,” are narrower and longer
than in the other regions. The notches are deeper and larger
in the upper than in the lower border of the pedicles, in all
except the second. They lie behind the articular processes in
the first, but before them in the rest.

DORSAL VERTERR.E.

The dorsal vertebra, fig. 2, twelve in number, are intermedi-
ate in size as well as in situation, between the cervieal and the
lumbar. The foramen is smaller than in the cervical or lumbar
region, and is nearly circular in its form. The lateral notches,
" * and consequently the inter-vertebral foramina which they
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8 LUMBAR VERTEBR.E.

form, are larger than those in the neck ; and those at the lower
margin of the pedicles are much larger and deeper than those
on the upper. The breadth of
Fig. 2.* the body® from side to side, ex-
ceeds the depth from before
backwards much less than in the
cervical or lumbar vertebree, It
is convex and prominent on the
anterior surface, flat and plain
at the upper and lower; at
each side of the body may be
observed a slight notch,® * in
the superior as well as in the inferior border,—these are covered
with cartilage and, when the vertebra is placed in apposition
with the adjacent ones, form oval depressions for the reception
of the heads of the corresponding ribs. © The articulating pro-
cesses® © are nearly vertical in their direction; the superior
looking backwards, the inferior forwards. The transverse pro-
cesses? are long, thick, and inclined backwards, and on the
anterior surface of each of their tubercular terminations is situ-
ated a slight excavation,® which in the fresh state is tipped
with cartilage, and articulates with the tubercle of the rib. The
spinous processes,” elongated and triangular, are directed
downwards, and terminate in a tubercle.’  The plates are
broad and thick, but shorter than those in the neck.

LUMBAR VERTEBRR.E,

The lumbar vertebre, fig. 8, five in number, are larger than
cither of the other sets. The foramen of each vertebra in this
region is large and triangular, The notches,” * for the form-
ation of the inter-vertebral foramina are very deep, especially
the inferior pair. The body,® much broader from side to side
than from before backwards, is flat on its superior and inferior
surfaces. It is not so convex anteriorly as that of the dorsal

* One of the middle dorsal vertebra is here seen on the left side. 1. The
lower notch. 2. The upper notech. 3. The body. 4,4. The articular sur-
faces for the heads of ribs. 5. The superior articular process. 6. The infe-
rior articular process. 7. Transverse process. 8. Articular surface for the
tuberele of & rib. 9. Spinous process ; and 10. its tubereulated end.

®

-



PECULIARITIES OF CERTAIN VERTEBR.E. 9

vertebrse, The articulating processes are thick, strong, and
disposed vertically; the supe-

rior pair,’ concave, look back- Fig. 3.*

wards and inwards ; the inferior,
* convex, forwards and out-
wards; the former are farther
apart than the latter, hence they
receive and in a manner embrace
the lower articulating processes
of the vertebra above them.
From each of the superior arti-
culating processes a *“ tubercle” projects backwards. The trans-
verse processes,” long, thin, and horizontal, do not project
backwards like those of the dorsal vertebree. The spinous pro-
cess is broad, flat, and nearly of a square form, so that it ter-
minates not by a pointed extremity, like those in the dorsal
region, but presents rather a compressed and rough border.®
The plates or laminze,” though shorter, are deeper and thicker
than those of the dorsal vertebrz.

If, now, the three vertebrae (cervical, dorsal, and lumbar,)
here described separately, are taken together and contrasted, it
will be found that the several parts of one differ so much from
the same parts in another, and are so characteristic of the region
to which they belong, that any one of them would serve to dis-
tinguish the classes of the vertebrze. Thus, that the ring, the
body, or any process would be sufficient to determine whether
a vertebra is of the cervical, the dorsal, or the lumbar part of
the column.

3. PECULIARITIES OF CERTAIN VERTEBRZE.

The general characters of vertebrze, and the differences which
characterise those of different regions, being considered, it re-
mains to point out certain peculiarities presented by some indi-
vidual bones in cach set. It may be here stated generally, that

# A lumbar vertebra viewed on the left side. 1, 1. The notches. 2. The
hody., 3. The upper articular process. 4. The lower articular process. 5.
The transverse process, 7. ig placed on the root of the spinous process near
the lamina. 8. The spinous process.
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10 PECULITARITIES OF

the vertebrae situated at the extremities of each region assimilate
in some degree to the characters of those in whose vicinity they
are placed. Thus, for instance, the lower pieces of the cervical
region begin to resemble the dorsal vertebree, and the latter
become, by a similar transition, assimilated to the lumbar,—the
characters peculiar to each region being best displayed by the
bones situated towards its middle point. -

The vertebrse which differ from others of their class so much
as to require separate description are the following: the first
two and the last cervical ; the first and last three dorsal; and
the last lumbar.

THE FIRST, SECOND, AND SEVENTH CERVICAL VERTEBRZE.

The first vertebra, or atlas, fig. 4, (so called from supporting
the head,) is an irregular ring of
bone, which presents nothing an-

- alogous either to the bodies or
spines of the other vertebra.
The ring, in the fresh state, is
divided into two parts by a
transverse ligament,—the an-
terior one being occupied by
the odontoid process of the axis,

the posterior by the spinal cord ;—it presents in front a small

arch of bone, the anterior surface of which is marked by a tu-
bercle,! the posterior by a smooth depression,” adapted to
the odontoid process of the axis. The posterior segment of the
ring is considerably larger than the anterior; at its middle point
it presents a tubercle,® which is the analogue of the spinous
processes ; it is thick and round in the greater part of its extent ;
but at its junction with the rest of the vertebra there exists on
the upper border at each side a smooth groove,® which lies
behind the superior articular process, and marks the tortuous

* A view of the upper surface of the atlas. 1. The anterior tubercle.
2. is np]lms,-ite the artieular surface for the odontoid ]lllru{:ﬂss of the axis. 3.
is placed near a rough surface for the attachment of lignment. 4. The pos-
terior tubercle. 5. The groove on the posterior arch for the vertebral artery.
6. A superior artieular process. 7. Transverse process. 8. Its foramen for
the vertebral artery.
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course pursued by the vertebral artery previously to entering the
cranium. This groove is analogous to the notches in the other
vertebree, for it transmits the first spinal nerve as well as the
vertebral artery ; it is sometimes converted into a foramen by a
spiculum of bone. The articulating surfaces are horizontal and
large. The superior pair® receive the condyles of the occipital
bone ; they converge in some sort towards the forepart of the
bone ; and as their form is oval, and their surface concave from
before backwards, they look towards one another; at the inner
margin of each is a rough surface,® which gives attachment to
the transverse ligament. The inferior pair, on the contrary, are
flat, and nearly circular in their form. The parts of the vertebra
(lateral masses) on which these processes are situated are of very
considerable thickness, because the weight of the head, which
in others is received by the bodies, rests here on the articular
surfaces. The transverse processes’ project considerably on
each side, and terminate in a rounded point; at the root of
each is situated the foramen,” which transmits the vertebral
artery.

The second vertebra, verte-
bra dentata, or axis, (so called
from forming the pivot on which
the head rotates,) is somewhat
triangular in its form. The
body, fig. 5.' presents ante-
riorly a vertical ridge, bounded
on each side by a depression for
the attachment of the longus
colli muscle; superiorly it is
surmounted by a process,® (odontoid, p. dentatus ; whence is
derived the name vertebra dentata,) presenting two smooth sur-
faces, one for its articulation with the atlas, the other with the
transverse ligament which retains it in its situation ; being con-
stricted inferiorly, and somewhat enlarged towards the summit,
these parts of the process are called respectively its neck and
head. The superior articulating processes® are of consider-

Fig. 5.*

* The axis—its left gide. 1. The body. 2. Odontoid process. 3. The
superior articular process. 4. The inferior articular process. 5. The trans-
verse process. 6. It foramen. 7. The spinous process.
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12 PECULIARITIES OF DORSAL VERTEBR.E.

able size, and nearly horizontal ; they are close to the body, so
as to communicate to it the weight of the head, transmitted to
them by the articular processes of the atlas; the inferior pair*
are oblique, and of the same size as in the vertebree beneath
them. The transverse processes’ are neither grooved nor
bifurcated, and the foramen at their root® is inclined obliquely
outwards. The spinous process? is very large, and gives
attachment to several muscles; it is deeply grooved on its in-
ferior surface; the plates which support it are of proportionate
size. !

The seventh, or prominent vertebra, approaches in its charac-
ters to those of the dorsal region ; its spinous process terminates
in a tubercle, and is so long as to be, in the natural condition,
felt underneath the skin; whilst the other cervical spines lie
more deeply, and are covered by muscles; hence the term
« prominent,” so commonly applied to this ve.tebra. The
transverse process, though pierced by a foramen, presents but
a slight appearance of a groove on its upper surface, and seldom

~more than a trace of a bifurcation at its extremity.,
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THE PECULIARITIES OF SOME DORSAL VERTEBR.E.

The first dorsal vertebra is marked at each side by a com-
plete articular curface for the first rib, and on its inferior border
by a slight excavation, which receives half the head of the
second : the upper articular processes are oblique, and the spi-
nous more nearly horizontal than those below it.

The tenth dorsal vertebra is usually marked by an articular
surface, which receives the entire of the head of the correspond-
ing rib.

The eleventh has but a single articular surface on the side of
its body. Its transverse process 1s much reduced in size, and
does mot articulate with the tubercle of the rib, The form of
its spinous process, of its laminz and body, approaches that of
the lumbar vertebre.

The twelfth dorsal vertebra, in most of its characters, re-
sembles the eleventh, and is to be distinguished by its greater

similarity to the lumbar vertebre, especially by means of the

lower articular processes, which are convex and look outwards,

like the same processes in the lumbar region.
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THE FIFTH LUMBAR VERTEBRA.

Amongst the lumbar vertebrae, the fifth only is distinguish- Fifn
able by any peculiarity deserving of mnotice, its body being Mmbar
thicker anteriorly. than posteriorly, and its transverse process
short, thick, and rounded.

B. THE FALSE VERTEBR.E.

Some of the vertebra at the lower part of the column lose by False verte-
their union into a single mass (the sacrum) that character of :’]ﬁ*‘t:;hf““
mobility from which the term vertebra is derived, and others,

(the coceygeal,) dwindled to mere tubercles, have none of those
important uses to which the true vertebr serve. Hence the
general designalion, ¢ false vertebree,” applied to them.

THE SACRUM.—O0S SACRUM.

The sacrum, fig. 6, much the Sacrum,
largest piece of the wertebral
column, is placed, when the
body is in the erect position, at Situation,

the superior and posterior part
of the pelvis, beneath the last
lumbar vertebra, above the coe-
cyx, and between the ossa in-
nominata, between which it is
mserted, in some measure like a
key-stone into an arch.

The sacrum is placed very obliquely. It projects backwards Direction.
from the upper margin, receding to give capacity to the pelvis,
and it therefore forms, with the hﬂd}r' of the last lumbar verte- Sacro-vert.
bra, a projection named the sacro-vertebral angle, or promon- gl

—_—— -

* A front view of the sacrum:—1, 1. Ridges indicating the place of Sepa-
ration between the sacral vertebree. 2. Anterior sacral foramina. 3, 4. Late-
ral surface. 5. A notch which contributes to form a foramen for the passage
of the fifth sacral nerve. 6. Surface for connexion with the body of the last
lumbar vertebra, 7. Articular process on each side. 8, Su;f“g;gc for con-
nexion with the coceyx.
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14 THE SACRUM.

tory. Its figure is triangular in its general outline,—the base
being upwards; concave anteriorly, convex posteriorly. We
consider successively its surfaces, borders, and extremities.

The anterior or pelvic surface, which is here shown, is con-
cave from above downwards, slightly so from side to side,
and marked by four transverse lines,' indicating its original
division into five pieces; laterally it presents four foramina,®
(anterior sacral,) for the transmission of the anterior branches of
the sacral nerves, These are directed outwards into grooves
which lead from them, and diminish gradually in size from
above downwards ; external to the foramina the surface gives
attachment to the pyramidalis muscle.

The posterior or spinal surface is narrower than the anterior,
for the bone is somewhat wedge-shaped from before backwards
as well as from above down. This surface is convex, and pre-
sents along the median line four small eminences, usnally con-
nected so as to form a ridge ; these are rudiments of the spinous
processes; and beneath them is a triangular groove, or rather
an opening, marking the termination of the sacral canal. The
margins of the opening present two tubercles, which give attach-
ment to the ligament that closes in the canal, and the inferior
pair (sacral cornua) articulate with the horns of the coccyx. At
each side of the median line are two sets of tubercles, and be-
tween these is the groove, pierced by the posterior sacral fora-
mina, which are much smaller than the anterior, and transmit
the posterior branches of the sacral nerves. The groove repre-
sents that situated over the plates of the vertebrse above the
sacrum, and one row of the tubercles corresponds to the lumbar
articular tubercles, the other ranges with transverse processes.

Each pair of foramina (anterior and posterior) lead from a
single foramen situated within the bone, and this is analogous
to the inter-vertebral foramen in other parts of the column.

The borders, or lateral surfaces of the sacrum, present two
distinct parts,—one superior, the other inferior. The superior
(iliac) is large and irregular,® and in front is, in the fresh state,
covered with cartilage, and articulated with the ilium ; whilst
posteriorly it is concave and rough for the attachment of strong
ligaments. The anterior cartilaginous part is often named * the
auricular surface.” 'The inferior part of the lateral surface® is
thin and sinuous, and gives attachment to the sacro-sciatic liga-
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ments. A small indentation® terminates this border, which,
with the corresponding extremity of the coccyx, forms a notch
for the transmission of the fifth sacral nerve.

The base, or superior extremity, broad, and expanded, pre-
sents, towards the middle line, an oval surface,’ cut off ob-
liquely, which articulates with the likewise oblique body of the
last lumbar vertebra; behind this a triangular aperture marking
the orifice of the sacral canal; on each side a smooth convex
surface, inclined forwards, and continuous with the iliac fossa ;
an articular process,” concave from side to side, which looks
backwards and inwards, and receives the inferior articular process
of the last lumbar vertebra. Before each articular process is a
groove, forming part of the last lumbar inter-vertebral foramen,
and behind them is a curved, sharp, and depressed border which
bounds the sacral canal, and therefore corresponds with the
lamine of the vertebree, and gives attachment to the last liga-
mentum subflavum.

The apex, or inferior extremity,® directed downwards and
forwards, presents an oval convex surface, which articulates with
the coceyx.

The sacrum in its interior contains much loose spongy sub-
stance, and its exterior layer is but moderately compact. Its
central part is also hollowed into a canal (sacral), which curves
from above downwards as the bone does; it is of a triangular
form, and gradually narrows as it descends. The canal ends
on the posterior surface of the bone between the sacral cornua.

Attachments of muscles—The sacrum gives attachment, by
the lateral parts of its anterior surface, to the pyramidales
muscles; by its posterior surface at each side to the gluteus
maximus, sacro-lumbalis, longissimus dorsi, and multifidus spi-
ne ; by the inferior part of each border to part of the coccy-
geus; and by the outer parts of its base to the iliacus muscle
of each side.

Articulations.—The sacrum articulates with the last lumbar
vertebra, the two iliac bones, and the coceyx.

PECULIARITIES OF THE SACRUM.

The peculiarities of the sacrum are very numerous. 1. In
some cases this bone consists of six instead of five pieces,
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and it has been found—but much more rarely—reduced to
four.*

2. Occasionally the bodies of the first and second sacral ver-
tebre are not joined, although complete union has taken place
in every other part.

8. The lower end of the sacral canal may be open for some
extent, in consequence of the vertebral laminz not having grown
together. '

4. T no respect does the sacrum vary more in different skele-
tons than in the degree of its curve. It is difficult to submit
the peculiarities in this respect to a precise and sufficiently com-
prehensive arrangement ; still, after examining a considerable
number of skeletons, the majority appeared to admit of being
grouped into three sets, as follows :—

a. In one series the anterior surface was comparatively straight,
and the slight bend which existed was situated near the lower
end.

b. Another group contrasted strongly with the preceding,
—the bone being much curved in its whole length, but especi-
ally about its middle.

c. A considerable number may be described as holding an
intermediate place between the two foregoing classes. The
degree of curve was moderate, and chiefly affected the lower
third of the bone.

Difference in the sexes.—Besides possessing the ordinary dis-
tinctive character of all parts of the skeleton,—viz. more regu-
larity and smoothness of surface,—the sacrum of the female
body is, proportionally to the size of the pelvis or of the skele-
ton, broader than that of the male.

The degree in which the bone is bent has been relied on by
anatomical writers to distinguish between the sexes; but, on
comparing their statements, it will be found that they are con-
tradictory—some assigning the greater curve to the female,
others, on the contrary, to the male. The measurement of a
considerable number of those bones taken from both sexes lias
chown me that the curvature cannot be relied on as a distinctive
character. 1 find that the general remarks made in the pre-
ceding paragraphs on the varieties presented by the sacrum, with

* Semmering “ Lehre von den Knochen und Bandern, &e., herausgegeben
von Rudelph Wagner,”—1839.
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reference to the point in question, are applicable either to the
female or the male taken singly, with only this reservation, that
those bones which were most curved, and which constitute the
second series in the classification there ventured on, commonly
belong to the male body.

It is said by many good observers, that the sacrum usually
inclines backwards from the direction of the lumbar vertebra to
a greater extent in the skeleton of the female than of the male,
—thus retiring more from the cavity of the pelvis, and forming
a more prominent sacro-vertebral angle.*

THE COCCYX.—OSSA COCCYGIS.

These bones, when united together, which is usually the case
in advanced life, are supposed to resemble
a cuckoo’s bill, and are therefore called Fig 7.t
coceygeal (xoxzzug, a cuckoo). Most com-
monly there are four of them, sometimes
but three; in a few instances five have been
found. They diminish gradually in size from
above downwards, which gives them, when
taken together, a pyramidal form. As they are placed in a con-
tinuous line with the inferior third of the sacrum, they form
a slightly concave surface anteriorly, a convex one posteriorly.

The first of these bones! resembles, in some measure, the last
false vertebra of the sacrum. Its body is small and concave at
its upper aspect,” which articulates with the extremity of the sa-
crum ; posteriorly, two small processes, termed cornua,® project,
which rest upon the sacral cornua. The second bone of the
coceyx is somewhat square, the third oblong, and the fourth is
a small rounded nodule,

The margins (shoulders, as this part has been named,) of the
first piece, in some cases, project upwards, and, joining with the
sacrum, construct a fifth sacral foramen —as exemplified in
fig. 12. .

* This observation is stated by Blumenbach (* Geschichte und Besch-
reibung der Knochen,” 8. 314,) to have been first made by Bonaceioli, a
Professor at Ferrara, in the fifteenth century.

T The anterior surface of the coceyx.
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Attachments of muscles—The coccyx gives attachment to
the gluteus maximus, and to the coceygeus of each side, and by
its point to the sphincter ani.—Its base articulates with the
sacrum, and in advanced age becomes united to it.

THE VERTEBRAL COLUMN.

The true and false vertebrm, when ranged in their natural
position, form a column, the average length of which is equal to
about two feet two or three inches. The length of the column
does not vary in different persons as much as might be antici-
pated from a comparison of their stature ; the relative height of
individuals depending more on the length of their lower limbs
than of the vertebral column.

Form.—Its form is pyramidal —rather it consists of two
pyramids joined by their bases the upper one being formed by
the true vertebrze, the lower one, by the sacrum and coceyx.
The upper pyramid, however, instead of tapering regularly from
the top to the bottom, becomes narrow in the upper part of the
dorsal region. It is most narrowed about the fourth dorsal ver-
tebra, and the column above this point has been held to admit of
subdivision into two pyramidal parts, meeting by their bases about
the first dorsal vertebra, and the apex of one being the vertebra
dentata, that of the other the fourth or fifth dorsal vertebra.

The curves.— When viewed in profile, it presents four curves
depending, except perhaps the last, on the different degrees of
thickness of the anterior and posterior part of the bodies of the
vertebrs in the different regions, but still more on that of the
inter-vertebral substance. The curves are directed alternately
backwards and forwards; in the neck and loins the convexity
Jooks forwards, in the back and pelvis it is in the opposite
direction.

A slight degree of lateral curvature is also observable in most
cases in the dorsal region, the convexity of which is directed to-
wards the right side. The older anatomists imagined this to be
produced by the action of the aorta beating against the left side
of the column; but Bichat attributed it to the effect of mus-
cular action, and explained it in the following way :—As most
persons are disposed to use the right arm in preference to the
left, the muscles of that side become stronger, and act with more
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power on the points to which they are attached ; when making
efforts, as in pulling, the body is curved to the left, which gives
an additional advantage to the muscles; and the habitual use of
this position gives rise to some degree of permanent curvature.
In support of this explanation of the fact, Béclard has stated
that he found in one or two individuals, who were known to
have been left-handed, the convexity of the lateral curve directed
to the left side. A further confirmation of the correctness of
this view is afforded by an observation made by Professor Otto.*
In a case in which the aorta arched to the right instead of the
left side, he found that the curve of the vertebral column had the
usual direction; so that the great vessel was connected to its
convexity. It is stated, too, that the right arm was more mus-
cular than the left. _

For a detailed examination of its parts, the column will be
considered as presenting an anterior and a posterior surface, two
lateral surfaces, a base, and a summit, each deserving a parti-
cular notice. ~ The part formed by the sacrum and coceyx
having been already sufficiently referred to, may be excluded
from consideration in this place.

The anterior surface is broad in the cervical, narrow in the
dorsal, and again expanded in the lumbar region; it is marked
by a series of transverse grooves corresponding with the centre
of the bodies of the vertebrz, and in the fresh state is covered
by the anterior common ligament.

The posterior surface presents along the median line the
spinous processes, varying in form and direction, as has been
already stated, being horizontal in the cervical and lumbar re-
gions, and nearly vertical in the dorsal. Those in the cervical
and dorsal regions correspond pretty exactly with the middle
line, but in the back the spines will be observed in many in-
stances to incline, some to one side, some to the other. On each
side of these are the vertebral grooves, extending from the base
of the skull to the sacrum ; their breadth corresponds with that
of the laminz ; they are broad but shallow in the neck, and
become deep and narrow lower down. Along the grooves are

o

* « Seltene Beobachtungen,” Th. 2, 8, 61. See alzo “ The Anatomy of
the Arteries with its applications to Pathology and Operative Surgery,” by
R. Quain, p. 19,
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seen the spaces between the laminze, which in the natural con-
dition are filled up by the yellow ligaments. The breadth of
these intervals is very trifling in the neck and in the greater part
of the back ; it increases in the lower third of the dorsal, and
still more in the lumbar region. The interval between the oc-
cipital bone and the atlas is considerable, and so is that between
the last lumbar vertebra and the sacrum.

The lateral surfaces present the transverse processes, varying
in form and character in the different regions; before these are
situated the inter-vertebral foramina, and more anteriorly still,
in the dorsal region, the articular surfaces which receive the
heads of the ribs.

The summit of the column is surmounted by a sort of capital,
(the atlas), which is articulated with the occipital bone, and
supports the head. The base rests on the sacrum, and by this
bone the weight of the trunk is communicated to the lower ex-
tremities through the medium of the innominate bones.

Along the entire extent of the column runs the vertebral
canal, which is broad and triangular in the cervical and lumbar
regions, circular and contracted in the dorsal. The canal may be
said to expand at its upper extremity into the cranial cavity; its
lower end is prolonged into the narrowing canal of the sacrum.

The arrangement of the osseous structure is not the same in
the different parts of a vertebra. The arch and the processes
projecting from it have a thick covering of compact tissue. The
body, on the contrary, is composed nearly altogether of spongy
substance. This part of the bone, when sawed through, will
be found to consist of cells bounded by thin plates of bone ; and
it contains large canals for the lodgement of veins. The canals
differ somewhat in disposition in different cases, but they will
be found to have the same general direction from behind for-
ward, radiating with more or less regularity from the large fora-
men on the posterior aspect of the body.

OSSIFICATION OF THE VERTEBRZE.

General observations on the time when ossification begins.—
The process of ossification begins at different periods in the se-
veral parts of the skeleton, and it becomes an object to assign to
each centre of bony deposit the time at which it appears. This

=
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is a subject of considerable difficulty, and a few general remarks
with reference to it are necessary before describing the ossifica-
tion of individual bones.

The accuracy with which the date of ossification may be de-
termined must depend on the exactness with which the age of
the embryo is ascertained. But much uncertainty exists with
respect to this point, for the evidence as to the period of con-
ception is not to be fully relied on; and, moreover, the embryo
submitted to examination is most commonly in a morbid state,
and may have ceased to live some time previous to its separation
from the parent. To these sources of uncertainty another may
be added : the difference, namely, which actually occurs in the
growth of bone in different cases. It seems reasonable that the
time of ossification should be influenced by the quality of nutri-
tion ; the opinion, however, that there is some varicty among
the stages of ossification in different individuals, is not founded
on such general grounds, but on a comparison one with another
of cases which have fallen under my notice, and on the result
afforded by contrasting observations accurately made by myself
with some which bear the appearance of having been carefully
made by others. It is, doubtless, in a measure at least, in con-
sequence of circumstances such as those referred to, that so
great a difference prevails between the statements of various ob-
servers on the point in question. These considerations lead us
to the conclusion, that the period of the commencement of ossifi-
cation in a given bone does not admit of being set forth with
absolute certainty, especially as regards those bones in which the
process begins at very early periods. As to this part of the
subject, therefore, we must be content with an approximation
to exactness.

But the relation which the time of the appearance of bony
matter in one piece of the skeleton has to the time of its ap-
pearance in another, admits of being stated with more accuracy;
and it will, in our progress, be referred to whenever it shall ap-
pear material. To exemplify what has been said, it may be
added, that we may not be able to state with rigid accuracy
when bone makes its appearance in the several divisions of the
vertebral column, or in the clavicle; but we can with con-
fidence determine which of them precedes the other in its ossi-
fication.
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The observations on the growth of bone in the vertebrae will
be arranged under three heads, as follows :—a. The first will
contain an account of the common characters of the ossification
of a vertebra. b. Under the second head will be placed the
peculiarities that occur in the growth of certain vertebrze or parts
of the vertebral column. ¢. Lastly, the progress of ossification
in the column generally will be reviewed.

@. OSSIFICATION OF A VERTEBRA.
COMMON CHARACTERS.

Exclusive of certain exceptional cases, to be afterwards no-
ticed, each vertebra is formed of three principal pieces, to which
five small epiphyses are added at an advanced period, and as if
for the completion of the bone.

Of the principal pieces two are Fig. 8,*
destined for the formation of the
arch and the processes which pro-
ject from it (fig-8.* ). The body
of the vertebra is produced from
the third (fig. 8.).

Osseous substance is first ob-
servable in the vertebra about the
seventh or eighth week from the time of conception, and it com-
mences in the arch (but not invariably) a little before the body.

The osseous granules for the arches make their appearance
on ecach side at the situation from which the transverse processes
project ; and from this place the formation of bone extends in
different directions,—forwards to the body, inwards to the spine,
and outwards to the transverse process, as well as into the ar-
ticular processes; and thus two irregularly-shaped angular
pieces of bone are produced.

The single nodule from which the greater part of the body of
the vertebra is formed appears in the middle of the cartilage.

* 4. The three principal picces of the vertebrm are seen to be distinet
one from the other. n. The lateral pieces have joined behind. The spinous
and transverse processes remain cartilaginous at their ends. The arch is
still separable from the middle anterior piece, and the cartilage having been
removed from the body, the surface of this is rounded, rough, and fissured,

1. 2. The lateral pieces. 3. The anterior part for the body. * Line of
separation between the lateral picees and the anterior.
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At the usual period of birth the three primary pieces are still
separate. The process of union commences in the first year
after birth. It commences with the lateral pieces, which, at the
period mentioned, begin to join behind—in the situation of the
spinous process ; and by this junction the arch of the vertebra
is constructed. '

In the course of the third year the central anterior part joins
the arch on each side in a few of the vertebra, and the junction
is effected in such manner that the body is formed from the
three original centres of ossification. Each end of the arch con-
tributes a small angular portion (fig. 8. B).

Epiphyses. — The
spinous process projects
backwards from the
point at which the late-
ral pieces have joined,
and no further change
occurs except the gene-
ral increase of the dif-
ferent parts of the ver-
tebra and the extension
of ossification from the
primary pieces, till
about the age of puberty. If the bone is examined before
that period it will be found, on stripping the cartilaginous ends
from the transverse and spinous processes, that the cells of the
osseous structure are exposed ; and on separating the bodies of
the vertebraz one from the other, the cartilages, which still
belong to their upper and lower surfaces, remain adherent to the

Fig 9."

* These figures are intended to show the epiphyses of a vertebra. That
marked ¢ represents a dorsal vertebra, The epiphyses of the processes are
drawn slight y away from the rest of the bone. p. The arch and processes
of & lumbar vertebra, with the e iphyses. These are somewhat u}ongntml,
Hl.‘-rrcﬂ}imnding to the processes which they cover, but the bone having been
viewed from above, their ends only came under the artist’s eye; and this
cireumstance will account for their small size in the drawing. E. A front
view of the body of a vertebra to exhibit the thin epiphyses which belong to
its upper and irﬁwcr surfaces, 4, 5. The ends of the transverse processes.
These processes are not numbered in figure p. 6. Spinous process. 7, 8.
The two epiphyses of the body ; the flat surface of one is seen in figure c;
the edges of both are marked in figure . 9, 10. Epiphyses of the articular
tubercles of a Jumbar vertebra, 3
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intervertebral substance, and the osseous part is rough, fis-
sured, and wanting at its circumference the angular shape
and dense external covering which belongs to the perfect bone
(fig. 8. B).

At the age of about sixteen years, separate osseous points
begin to be observable in the cartilaginous ends of the trans-
verse and spinous processes, and they ultimately cover and com-
plete the processes (fig. 9. c.*®°%. At a later period, soon
after twenty years, two thin circular plates begin to be formed,
one on the upper, the other on the lower surface of the body, at
its circumference (fig. 9. c. .7 ®).

All the secondary or accessory pieces having joined, the bone
is completed before the thirtieth year.—The epiphyses of the
transverse and spinous processes usually join before those which
belong to the bodies of the vertebra.

5. PECULIARITIES IN THE GROWTH OF CERTAIN
VERTEBE.E.

#

The vertebree which require separate mnotice, by reason of
some peculiarities in their manner of growth, are the first,
second, and last cervical ; those of the lumbar region ; together
with the sacrum and coceyx.

THE ATLAS,

Fig. 10.* The atlas is usually form-

2 ed from three principal os-

3 seous nuclei. The ossification

= & of the lateral parts of the

- N vertebra (fig. 10.* %) com-

mences at a very early period.

At birth the interval be-
tween the articular processes
of the vertebra (the anterior arch) is altogether cartilaginous,

* The atlas is seen from above in both figures. . The lateral picees are
separated by a cartilaginous interval in front and behind. », This figure is
intended to’show a nucleus in the anterior arch. It has been modified from
one given by Kerckringius in his 37th plate.
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and there is a smaller space posteriorly between the two lateral
pieces (fig. 10. ).

The nucleus for the anterior arch (fig. 10.*) appears soon
after birth, very rarely, if ever, before that period. But the
ossification in this part sometimes proceeds from more than one
centre. According to Béclard, two occur in the proportion of
one instance in four or five; and Albinus* and J. F. Meckel +
observed each a case in which there were three granules in the
anterior arch.

The posterior arch is formed by the junction of the lateral
pieces, between the second and third years, and the arch joins
the anterior part at the age of five or six years,

There is frequently a small epiphyses on the posterior tubercle.

THE AXIS.

The formation of the arch Fig. 11.%
of the axis corresponds with
other vertebr. The pecu- A B

liarities oceur in the anterior A ’%’F :

part, which is developed from Pﬁ’u’ 3 = E}(;:ij
three points or centres—one 5 £ ad

being destined for the lower

part of the body, the two others for the odontoid process and
the upper part of the body (fig. 11. * * %), These nuclei
appear about the sixth month of fwtal life, the lower single
one preceding the others by a short space of time. The two
superior lying on the same horizontal plane, enlarge and join
before birth. At this period the axis consists of four pieces —
the two lateral and two anterior (m. ' 2 3 6), The body

and odontoid process form a single mass about the fourth year
(second or third, Béclard).

—

* « Icones Ossium Feetus,” p. 68,

T  Archiv.” &e. Band 1, 8. 648, and Taf. vi. 1815.—Meckel’s case had
the additional peculiarity of a separate nucleus interposed between the late-
ral pieces posteriorly.

I The anterior surface of the axis is represented in both drawings, .
The three nuclei for the anterior part are here shown, In B, four picees are
seen connected by cartilage.—1, 2. The lateral pieces. 3. The nueleus for
the lower part of the h:;:hf. 4, 5. Those for the odontoid process and the
gppefr! part of the body. 6. The single piece resulting from the Junetion of

and 5.
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THE SEVENTH CERYICAL VERTEBRA.

The anterior part of the transverse process of this vertebra is
frequently, if not constantly, formed from a separate osseous
nucleus, which unites on the one hand to the body, and on the
other to the posterior division of the transyerse process. The
time of the appearance of this point of ossification is stated
by Béclard to be the second month of feetal life, but my own
observation would lead me to set it down for a later period—
ihe sixth month. It is united to the rest of the bone about the
fifth or sixth year.

Occasional instances occur of the continuance of this process
as a separate bone, and in such cases,—being lengthened to an
extent which varies in different instances,—it forms what has
been termed a cervical rib.*

Meckelt also observed separate centres of ossification in the
tranverse processes of the second, the fifth, and sixth cervical
vertebrze. These were, however, of small size, and in some
instances did not form any part of the foramen for the vertebral

artery.

THE LUMBAR YERTEBRZE.

In addition to the centres of ossification which belong to the
vertebra generally, those of the Jumbar region have each two
small epiphyses for the tubercles that project from their superior
articular processes (fig. 9. ». 7 ).

The so-named transverse process of the first lumbar vertebra
is sometimes observed to be developed altogether from a separate
centre. 'The persistence of a process so formed, as a separate
piece, would account for the existence of a lumbar rib,—exam-
ples of which have occasionally been met with.

* Two examples of the eervical rib are deseribed in * The Anatomy of
the Arteries, with its applications,” &e. by R. Quain, pp. 149 and 187, and
plate 25. J. F. Meckel (¢ Archiv.” &e. B. 1, Taf. vi. 1815.) has figured &
case resembling one of those in the circumstance of the end of the cervieal
rib being connected to a prominence on the first proper rib.

+ Loe. citat.; and * Journal Complement. du Dict. des Sciences

Med.” vol. 1, p. 218.
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THE SACRUM.

The sacrum results from the union of five vertebr. In
the manner of their ossification these do not at an early period
differ from the vertebreae in other parts of the column.

Fig. 12.*

About the sixth month characteristic osseous tubercles, three in
number on each side, begin to appear, close to the sacral fora-
mina—between them, except the first (. * *). They belong to
the first three vertebree, and are successively deposited from the
sixth to the eighth or ninth month— the highest appearing
first and the lowest last. Kach of the first three pieces of
the sacrum has thus two centres of ossification added to those
which belong to other vertebra.

The lateral pieces join behind to constitute the arch, and
subsequently become united to the body in the manner of other
vertebre ; but the order in which this junction occurs in the
different pieces is deserving of notice. The process of union
commences in the lowest vertebra, and progressively extends
upwards. The parts of the fifth are joined about the second

* These figures display different stages of the ossification of the sacrum.
Fig. a. taken from a fietus which had not reached the sixth month, eontains
in front only the nuclei for the bodies, In fig. » (from a child at the usual
period of birth) three additional nuclei are deposited on each side, close to
the sacral foramina. The coccyx has no ossific point. Fig. c. is from a
body aged about twenty-five years. Epiphyses are visible on the sides of
the bone, and are still apparent on the body of the first vertebra. The
lower vertebrze have completely joined, while the first two are but partially
united.—1. The body. 2. Nuclei peculiar to the sacrum. 3, 3. Epiphyses
for the body of a sacral vertebra, 4, 4, Lateral epiphyses,
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year, while the first does not appear as a single piece before the
fifth or sixth year.

The sacral vertebrae remain separate one from the other, being
united only by cartilage and the intervertebral substance, till
about the sixteenth year. At this period they begin to unite
one to another, and epiphyses begin to form.

Epiphyses.—On the middle part or body of each sacral ver-
tebra the epiphyses are similar to those on the same part in
other vertebrz. (c. *°.)

On each side of the sacrum there are formed two thin flat
plates, one of which embraces the first three vertebree, and the
other connects the last two (c.*?*). The ossification of
these lateral epiphyses begins about the eighteenth or twentieth
year, by several irregular granules, which increase and coalesce.
As the sides of the sacrum may be considered in part to result
from the enlargement and union of the transverse processes, or
parts analogous to them, so may the lateral epiphyses be taken
to represent the epiphyses of those processes,—altered, indeed,
and, as it were, fused together.

The consolidation of the sacrum.—About the time last men-
tioned (the eighteenth year) the fourth and fifth vertebra are
joined one to the other, and the process of union gradually
proceeding upwards (fig. 12. c), reaches the first two from the
twenty-fifth to the thirtieth year; at which period the lateral
epiphyses become part of the general mass, and the growth of
the sacrum is complete. :

055IFICATION OF THE COCCYX.

Each of the coceygeal vertebrze is usually ossified from a single
centre ; occasionally one of the first three is found to contain
two granules, placed side by side. A nucleus appears in the
first piece about the time of birth, or in the course of a few
months after (fig. 12. 5. note). The periods assigned by Bée-
lard for the ossification of the other coccygeal vertebra are the
following, viz. for the second, five to ten years; the third, ten
to fifteen; and the fourth, fifteen to twenty. As age advances
the bones unite in pairs, the first to the second, the third to the
fourth; and at a later period of life, they are formed into a
single piece by the union of the third and fourth., Lastly, the



THE SKULL.

coccyx becomes joined to the end of the sacrum in old age,
and this is said to occur most frequently in the female.

¢. THE PROGRESS OF OSSIFICATION IN THE VERTEBRAL
COLUMN GENERALLY.

In the observations on the growth of a single vertebra the
date at which the osseous points appear for the first time in the
column has been mentioned ; but inasmuch as the same parts
do not begin to ossify simultaneously throughout the spine, it
becomes necessary to review the progress of ossification in the
vertebral column as a whole, for the purpose of indicating the
differences that exist in these respects.

The ossification of the lateral pieces begins at the upper end
of the column, and gradually proceeds downwards to its oppo-
site end.

In the bodies of the vertebrax the deposit of bone first
occurs in the lower part of the dorsal region (about the ninth
dorsal vertebra), and from this the process is extended upwards
and downwards, reaching last of all the atlas at one extremity,
and the coccyx at the other; both of which, as has been pre-
viously stated, do not ossify till after birth. But it is to be
borne in mind, that though the nuclei of the lower dorsal verte-
bre appear first, they do not long continue the largest. As
growth advances they are surpassed in size by those below
them, and in the full-grown fetus the nuclei are largest in the
lower lumbar and the first sacral vertebrse. In fact, their rela-
tive size at this period corresponds with that of the vertebrz.

THE BONES OF THE SKULL.

The skull is of a spheroidal figure, compressed on the sides,
broader behind than before, and supported by its base on the
vertebral column. It is divided by anatomists into two parts,
the cranium and the face; the former being composed of eight
bones, viz. the occipital, two parictal, the frontal, two tem-
poral, the sphenoid, and the ethmoid; the latter is made up of
fourteen bones, viz. two superior maxillary, two malar, two
ossa nast, two ossa palati, two ossa unguis, two inferior tur-
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30 THE OCCIPITAL BONE.

binated bones, the vomer, and inferior maxilla; the frontal
bone is so situated as to be common to the cranium and face.
The bones of the ear are not included in this enumeration, as
they belong rather to a special organ than to the skeleton con-
sidered as the frame-work of the body.

THE OCCIPITAL BONE.

The occipital bone, figs. 13 and 14 (os occipitis,) is situated at
the posterior part of the base of the skull ; broad behind, much
narrowed before, of a trapezoid figure, presenting two surfaces,
four borders, and four angles. To place the bone in its natural
position, hold it so that the great foramen and the articulating
processes beside it shall look directly downwards ; the thick
process in ‘front of the foramen will then project forwards into
the base of the skull, whilst the broad expanded part behind it,

arches upwards and a little for-
Fig. 13.* wards, forming the posterior
wall of the cavity. FEaternal
surface : this is convex in its
general outline, and presents a
little above its centre a rough
prominence,’ the external oc-
cipital protuberance, the part
between which and the superior
angle is smooth.  Extending
obliquely outwards at each side
from the protuberance is a rough
line,? called the superior curv-
ed line, to distinguish it from
another, which is lower down between it and the great foramen,
called the inferior curved line;® both are prominent, and
give attachment to muscles, as also do the rough depressions
between them. These are crossed by a vertical raised line
(external occipital crest or spine),* extending forwards from
the protuberance to the foramen magnum.

¥ External or cutancous surface of the occipital bone. 1. External occi-
pital protuberance. 2. Superior eurved line. 3. Inferior curved line.
4. External occipital crest. 5. Foramen magnum. 6. Condyles. 7. Sur-
face for the attachment of lignments. 9. Posterior condyloid foramina,
10. Rough surface corresponding to the transverse process of a vertebra,

T
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The occipital foramen,® (foramen magnum,) which is of an
oval figure (its long diameter extending from before backwards),
gives transmission to the spinal cord, the vertebral arteries, and
spinal accessory nerves.

At each side of the foramen, but nearer its anterior part, are
situated the articulating processes,® ® (condyles,) two oblong
eminences, which articulate with the first vertebra. These con-
verge from behind forwards ; their inferior surface, which in the
fresh state is smooth, covered with cartilage, and convex in its
general outline, looks downwards and outwards, and is adapted
for moving on the concave surface presented by the articulating
processes of the atlas. The inner border of each condyle,” 7
is rough, and receives the insertion of the check ligaments,
which extend up from the odontoid process of the axis; the
outer border, depressed and not so well marked, gives attach-
ment to the ligament connecting it with the atlas.

External to the fore-part of the condyles are two fossa, in
the bottom of which are two foramina, fig. 14.® ® (anterior
condylotd,) which look outwards and forwards, and transmit the
hypoglossal nerves; behind them are also two larger pits, in

which are generally, but not always, found foramina,? 9
( posterior condyloid,) which

give passage to a vein and small
artery : sometimes a foramen
exists at one side, and not at
the other. External to each
condyle is a rough surface,’® 1
which overhangs the transverse
processes of the vertebrae, and
of which it may be regarded
as the ““analogue;™ it gives in-
sertion to the rectus lateralis
muscle.

The internal surface of the
bone (fig. 14.*) is marked by
two erucial raised lines or ridges (line® cruciate eminentes,) —
one vertical, extending from the upper angle of the bone to the

Fig. 14.*

* The occipital bone : its internal or cercbral surface. 5. Foramen mag-
num. 8. Anterior condyloid foramina. 9. The superior angle. 11, Inter-
nal occipital protuberance. 12. Superior ocecipital fossm, 13. Inferior
oceipital fosse. 14. Upper division of the erucial ridges grooved for the
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great foramen, and the other transverse from one lateral angle

to the other. These intersect towards the central point,™
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(internal occipital protuberance,) and mark off' four broad pits,
of which the upper pair,’* ** (superior occipital fossa,) re-
ceive the posterior lobes of the brain, and the lower'® *
(inferior occipital foss) lodge the lateral lobes of the cere-
bellum : the superior line™ and the two transverse ones
1515 gre generally grooved, and correspond with the course
of the longitudinal and lateral sinuses. The inferior one,'?
which is commonly named the internal occipital spine or crest,
gives attachment to the falx cerebelli. The anterior border™
of the foramen magnum is slightly excavated, and becomes con-
tinuous with the basilar groove, a shallow excavation on the
surface of the basilar process, which supports the medulla ob-
longata; close to the margin of the foramen are the anterior
condyloid foramina, and a little external to it are two fosse,
1818 marking the terminations of the lateral sinuses.

The thick triangular process' which projects forwards into
the base of the skull from the foramen, is called the basilar
process ; its margins are rough, and contiguous to the pars pe-
trosa of the temporal bone; its under surface presents slight
depressions for the insertion of muscles, and the upper one the
shallow groove just noticed. Along the lateral margins of this
groove, and close to the edges of the bone, are two linear de-
pressions, which fornt part of the grooves for the inferior petro-
sal sinuses.

The superior borders of the occipital bone are dentated and
converge to a point, 9, but are frequently interrupted by bony
islets (ossa triquetra— Wormiana) ; the inferior border at each
gide is divided into two parts by a prominent piece of bone,
2 20 the jugular eminence, which surmounts an excavation
(jugular notch or fossa) contributing with the temporal bone
to form the foramen lacerum.

The superior angle is acute, and received into the retiring angle
formed by the posterior border of the parietal bones ; the anterior
is represented by the extremity of the basilar process, which is

o ——

longitudinal sinus. 15, 15. Trunsverse parts of same grooved for the lateral
sinuses. 16, Internal occipital crest. 17. is opposite the basilar groove.
18. Groove for the end of the lateral sinus, 19. Basilar process, 20. Jugu-

lar eminence,

#
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thick, and in the adult shows the internal structure of the bone,
because of being sawed from the sphenoid ; the lateral angles,
not very prominent, correspond with the line at which the
postero-inferior angle of the parietal bone joins with the mastoid
part of the temporal.

In some parts the occipital bone has considerable thickness,
especially at the occipital protuberances and the anterior part of
the basilar process. In the lower occipital fossa it is very thin.

Articulations—The ocecipital articulates with six bones, viz.
with the two parietal by its superior borders—the two temporal
by the inferior—with the sphenoid by its basilar process—and
with the atlas by the condyles.

Attachments of museles.—On each side—the posterior third
of the saperior curved line gives attachment to the trapezius;
its anterior two-thirds to the occipito-frontalis above, and to the
sterno-mastoid below : the inner part of the space between the
curved lines to the complexus: the external part to the splenius
capitis : the space between the lower ridge and the great foramen
to the recti (major and minor), and more outwardly to the obli-
quus superior : the under surface of the jugular eminence to the
rectus lateralis: the fossa at the inferior surface of the basilar
process to the reeti antiei (major and minor), and still more an-
teriorly to the superior constrictor of the pharynx.

Ossification of
the occipital bone. Fig. 15.%

—During a con- 5
siderable time be-

fore and after
birth this hbone

consists of four = 7= "'\. i

pieces,— namely, %,‘ 1
. .\-' l |

the posterior, pro- Dot

per occipital or
proral part: the
anterior or basi-
lar: and the two
lateral or condy-

* The occipital bone at different periods of its growth,—namely, about
the tenth week and at the ordinary ll:u;riud of birth, The figure marked A.
has been copied from one published by Meckel in his “ Archiv.” (B, 1,
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loid (fig. 15, 8). These pieces meet around the foramen mag-
num. Each of them requires separate notice.

The ossification of the occipital bone precedes that of the
vertebree in the time of its appearance. It begins with the
proper occipital part. For this division there are four nuclei,
which are placed in pairs above and below the occipital protube-
rance (fig. 15, o *#). The two inferior nuclei appear first,
and soon join into a single piece. The superior pair of granules
unite one to the other also, and the two pieces thus resulting
from the four primitive centres uniting speedily form a single
mass.*

Soon after the posterior part of the bone, the two condyloid
pieces begin to ossify (a,”), and they are followed by the ba-
silav portion. Each is formed from a single central point. It
is to be observed, that the condyles of the occipital bone are not
supported altogether on the pieces named condyloid ;—a small
portion of each is borne by the basilar part.

At birth the four pieces are distinct (fig. 15, B, a, b, ¢), and
the posterior one is partially divided by deep fissures (two being
horizontal and one vertical) extending from the circumference
towards its middle.

About the fourth year of age the process of union begins by
the junction of the posterior and the two condyloid pieces, and
the bone is a single piece about one or two years later. Subse-
quently the occipital unites with the sphenoid bone, so that, in
the adult, the basilar process must be sawed across in order to

Taf. vi.) The four nuclei of the posterior or proral part of the bone are

shown,—the two lower being the more advanced. Germs of ossification are -

observable in the condyloid pieces. There is none apparent in the basilar part.
* J. F. Meckel (* ﬁnndhuch der Mensehlich. Anat.”” B. 2, § 543,) assigns
eight primitive granules to this part. Four he makes to correspond with
those deseribed in the text. Of the other four he places two elose together
at the upper angle of the bone ; and the remaining two in its lateral angles,
one at each side.
Judging from the usual appearance or texture of the upper and lateral
Earts of the oceipital bone at early periods of its growth, it seems to me o
¢ most probable that the four points found by Meckel in its angles do not
oceur constantly, or even genumil:; . and if so, may they not be regarded as
the centres of some of those separate pieces which are often to be met with
in the neighbourhood of this bone 1 would add, as facts hunriprfr on the
question, that an independent lateral nueleus existed only on one side of the
preparation by which Meckel seems to have been influenced in forming his
judgment on the number of the centres of ossification, (see the figure in his
“ Archiv. fiir die Physiolog.” B. 1, Taf. vi.—1815); and that the upper part
of the bone is oceasionally altogether detached.

e
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separate them. And it was in consequence of this circumstance
that Semmerring deseribed them as a single bone under the
name spheno-oceipital or basilar.

THE TARIETATL EBONE.

The parietal bones (ossa Fig. 16.*
parietalia, verticis, bregma-
tis) form a principal part of
the roof of the skull; they
are of a square form, convex
externally, concave internal-
ly, and present each two
surfaces and four borders.
The external surface, fig. 16,
rises towards its middle,
where it presents a slight
elevation, called the parietal
eminence,' below which is a curved line,” * forming part of
the temporal ridge, and bounding a flat surface (planum semi-
cireulare),® which forms a part of the temporal fossa. At the
upper and back part of the bone, usually about two lines from
the sagittal suture, is a small hole,* (foramen parietale,) which
transmits a communicating vein; its position is exceedingly
variable ; even its existence is not constant.

The internal surface of the
bone, fig. 17, is marked by
branching lines (sulci menin-
gei),® ® % corresponding with
the course of the middle
meningeal artery, and by de-
pressions (impressiones digi-
tatee) for the convolutions of
the brain. Towards its mid-
dle is a depression,® ‘¢ parie-
tal fossa,” corresponding with
the eminence (parietal) on

* The parietal bone ; its convex surface. 1. Parietal eminence. 2. Se-
micireular line. 3. Planum semicirculare. 4. Parietal foramen.
4+ The internal or cerchral surface of the parietal bone, 4. The parietal
D2
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the outside. Along the superior border is a slight depression,”?
which with a similar one in the corresponding bone forms a
groove adapted to the cowrse of the longitudinal sinus; and
in the same situation (in most skulls, particularly those of old
persons) are some small pits (fove glandulares),® correspond-
ing with the so-named glandulz Pacchioni.

The superior border is straight, and articulated with its fel-
low by a series of dentations; the inferior border, concave and
beveled off at its outer margin, is overlapped by the squamous
portion of the temporal bone ; the anterior unites with the fron-
tal bone, and the posterior with the oceipital.

The anterior inferior angle,? dips down to the great wing of
the sphenoid bone, and presents a groove,” internally for the
middle meningeal arvtery: the posterior inferior angle,'® arti-
culates with the mastoid part of the temporal bone, and presents
internally a small part'* of the groove which lodges the la-
teral sinus.

Each parietal bone gives attachment to the temporal muscle
by that part of its surface which lies beneath the temporal n{lge
(planum semicirculare) : the remainder of its outer surface is
covered by the aponeurosis of the occipito-frontalis.

Articulations.—1t articulates with its fellow of the opposite
side, and with the frontal, the sphenoid, the temporal, and the
occipital bones.

Ossification.—Its growth proceeds from one ossific centre
which corresponds with the parietal eminence, and is first per-
ceptible about the same time that ossification begins i the
spinal column. At birth the antero-superior angles of these
bones are not developed; hence there exists an interval be-
tween them and the still divided os frontis, which is called "the
¢ fontanelle” (fons, bregma).

THE FRONTAL BONE.

The frontal bone, fig. 18, (os frontis, coronale,) situ-
ated at the anterior part of the skull, and upper part of

foramen. 5. Grooves for the middle Ineningeal artery. 6. The parictal
fossa, 7. “Sulens sinus longitudinalis.” 8. “ Fovewm glandulares.”” 9. The

anterior inferior or sphenoidal nnglt 10, The posterior inferior or mastoid
angle. 11. * Bulcus sinus lateralis.”
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the face, is divisible into two Fie. 18.% division of.
parts (frontal and orbital), 7R it

differing in size and position : b s

of these, one extends upwards
towards the vertex, forming
three-fourths of the extent of
the bone; the other, inferior
and horizontal in its direction,
forms the roof of the orbits.
To place the bone in its na-
tural position, hold it so that
the orbital plates shall look
downwards, and the smooth
convex surface forwards.

T'he frontal part.—Its external surface is smooth, and pre- Frontal
sents on each side a slight elevation,'' named frontal emi- ﬂ_‘ﬂéjﬁlr_
nence, which corresponds with the most prominent part of the face.
forechead : beneath this is an arched depression, bounded be- Frontal
low by a prominent curved line,®? called the superciliary ©minence.
ridge, or arch, which is more or less prominent in different in- Supercil.
dividuals. Immediately beneath this is the margin of the orbit "9&*
(orbital arch),®® which is better defined towards its outer
part, where it curves down to the malar bone, and forms the
external angular process,* * than at its inner portion,” ® where
it gradually subsides towards the root of the nose. Towards
the inner third of the orbital arch is a small foramen,5 ®
[supr::.:-orbimfﬁ] or sometimes a notch, crossed by a ligament,
which transmits the supra-orbital nerve and artery.

Between the superciliary ridges is the nasal eminence,” or Glabell.
glabella, which is prominent in proportion to the size of the
frontal sinuses: it is bounded inferiorly by a rough surface
which articulates with the nasal bones and the ascending pro-
cesses of the superior maxilla. Irom this surface projects down-
wards in the median line a flat thin process® called the nasal Nasal
spine ; it articulates in front with the nasal bones, and behind "%
with the perpendicular lamella of the ethmoid.

——e

* The frontal bone viewed from before. 1. Frontal eminence. 2, Super-
ciliary ridge. 3. Orbital arch. 4. External angular process of the orbit.
5. Internal angular process of the orbit. 6. Supra-orbital noteh. 7. Gla-
bella. 8. Nasal spine. 15, Part of the temporal fossa,



Coneave
surface.

Orbital
Pm'l.

Nasal part.

a8 FRONTAL BONE.

The internal surface of this part of the bone is concave, and

presents along the median line a groove (suleus frontalis), fig. 19,
9 corresponding with the lon-
Fig. 19.% gitudinal sinus. The mar-
gins of the groove gradually
approach towards the forepart
of the bone, and in some cases
unite so as to form a ridge
(crista frontalis) ; but in
others the groove, narrowed
almost to a line, continues
apparent down to the foramen
ccum. In either case it
gives attachment to the falx;
this ridge terminates in a mi-
nute foramen,' called fora-
men cecum, from its having
been supposed to be merely a cul-de-sac, but it is in reality
pervious, and lodges a small spur-like process of the dura
mater, and transmits a vein which enters the sinus from the
nasal fossee.

The orbital plates or processes are smooth and concave at
their inferior surface; the superior or cerebral is convex, and
marked more or less in different instances by elevations and
depressions corresponding with the sulei and convolutions of the
anterior lobes of the brain which rest upon them. They are
separated by a deep excavation (incisura ethmoidalis), which
receives within it the cribriform plate of the ethmoid bone, and
round its margins are several cells which complete the cavities
lodged within the lateral parts of the last-named bone. In this
margin may also be observed two foramina," ** (anterior
and posterior orbital,) which are common to the frontal and
ethmoid bones, as their contiguous margins contribute to their
formation. The anterior one transmits the nasal twig of the
ophthalmic nerve, and the anterior ethmoidal artery; the other
the posterior ethmoidal artery and vein. Each orbital plate

* The frontal bone from behind—its coneave or cerebral surface. 9.
% Sulens frontalis,” 10, * Foramen ecaeum.” 11, 12. Anterior and posterior

internal orbital grooves. 13. “ Fovea trochlearis.”™ 14 Lachrymal fossa.
16. Openings of the frontal sinuses.
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is bounded externally by a thick well-marked prominence,* *

called the external angular process; and internally by a de-
pressed and smooth one (internal angular process). Near
the inner one is a slight depression,'® to which is attached the
cartilaginous pulley of the trochlearis muscle, and hence some-
times named fovea trochlearis ; near the outer process and within
the orbit, is a depression'* for the lodgment of the lachrymal
gland ; the external side of this process is slightly hollowed,
fig. 18, and forms part of the temporal fossa.

The thickness of the frontal bone varies considerably in dif-
ferent parts of it. The orbital plates are thin and translucent ;
the nasal and external angular processes are thick and promi-
nent. The upper or broad part is thinner at the frontal emi-
nences than elsewhere, if these are well-marked so as to indicate
a full developement of the corresponding cerebral parts. In
childhood the two tables are separated only by the diploé, as in
other bones; but, in adult age, an interval exists between them
at the middle line over the nasal process, and extending out-
wards for some way under the superciliary ridges. This interval,
the extent of which varies in different individuals, is divided by
a ridge of bone into two parts or cavities,'® ' called the frontal
stnuses ; they are lined by mucous membrane, and communicate
with the anterior ethmoidal cells.

Articulations.— The frontal articulates with twelve bones;
superiorly with the two parietal ; laterally and behind with the
sphenoid ; inferiorly with the ethmoid, with the nasal bones,
with the ossa unguis, with the ascending processes of the su-
perior maxillary bones, and with the malar bones. The mode
of articulation differs in different parts of its circumference.
Thus, the superior border is found to overlap and rest on the
parietal bones, whilst towards the lateral and inferior parts
the exterior table of the bone is beveled off, and is covered in
by the parietal. The posterior border of the orbital plates,
straight and squamous, is in a manner inserted between the
margins of the two alee of the sphenoid bone, with each of which
it articulates.

Attachments of muscles.—It gives attachment to the corru-
gator supercilii—to a small part of the temporal and of the orbi-
cularis palpebrarum.

Ossification.—This bone begins to ossify before the vertebrm,
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Two points. from two osseous points, which appear at the orbital arches.

Temporal
bhone ;

position,

The lateral pieces formed by
the spreading of the ossification
are quite distinet at birth (fig.
20, “*). They afterwards become
united along the middle by a
straight suture, which runs from
the vertex, where it is continu-
ous with the sagittal suture,
down to the nose. The suture
15 obliterated within a few years
after birth, but the period varies in different cases, and in some
instances it is found to remain during life.

THE TEMFPORAL IONE,

The temporal bones, two in number, are so named becanse
they oceupy that part of the head on which the hair first be-
comes white, and thus indicates the ravages of time (ossa tem-
poris).

Fig. 21.* The temporal bone, figs. 21 and
22, (os temporis,) is placed at the
side and base of the skull. When
viewed in its natural position, it
presents two portions, one at the
side of the skull towards its middle
and lower part, which is flat and
vertical in its direction ; whilst the
other is horizontal and projects in-
wards so as to be wedged between

* From the frontal bone of a feetus born a short time before the usual
period of birth,

t Figures 21 and 22 show respectively the outer and the inner surface of a
temporal bone of the right side. 1. Squamons part ; its external surface, 2.
The interual surface of same part. 3. Zygoma. 4, 5. Roots of the zygoma.
6. Tuberele for the external lateral ligament. 7, 8. Parts of one of the roots
of the zygoma. 9. Fissure of Glaser. 10. Mastoid part. 11. Digastric
fossa. 12, “Buleus sinus lateralis,” 13. Mastoid foramen, 14, Small
occipital groove. 15. Petrous part. 18, Carotid canal. 19. Anterior
surface of the petrons part.  20. Depression for the Gasserian ganglion.
21. Meatus auditorius internus. 22, Opening of the aqueduct of the vesti-
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the occipital and sphenoid bones. But to facilitate its descrip-
tion, it may be divided into three parts, of which one is su-
perior, flat, scale-like, and named the squamous portion (squama,
a scale) ; another posterior, thick at its base, but tapering down-
ward like a nipple, the mastoid part; the third, called petrous
from its hardness, is internal and intermediate, projecting into
the base of the skull,

A. The squamous portion," (pars squamosa,) by iis exter-
nal surface which is smooth, forms part of the temporal fossa,
and is bounded above by an
arched border, below by a hori-
zontal process called ** zygoma.”
The inner surface, fig. 22,2 of
the squamous part of the bone,
slightly concave in its general
outline, is marked by cerebral
impressions like the other bones
of the head, and by slight linear
grooves for branches of the
middle meningeal artery. Its
upper edge is beveled off so as
to form a thin scale which over-
lays the parietal bone.

The zygoma,® or zygomatic process (Zevgvums, to connect
or yoke together), forms a yoke connecting the temporal with
the malar bone, and under which the temporal muscle passes ; it
is broad posteriorly at its base, where it projects outward from
the squamous part of the bone, but soon narrows, and turns
forward ; its outer surface is convex and subcutaneous, the inner
surface is concave and bounds the temporal fossa; the superior
margin, very thin, gives attachment to the temporal fascia; the
inferior one is thicker and shorter, owing to the end of the pro-
cess being beveled off so as to rest on the malar bone, with
which it articulates. At its base the upper surface is concave
and supports the posterior border of the temporal muscle. The

l*'ig. 23

————

bule. 23. Rough surface on the inferior aspeet for the attachment of
muscles. 24, Jugular fossa. 25. Styloid process, 26, Its vaginal process,
27. E’:.t:,"In-:nuﬁ.tq.nni:fj foramen. .28, Superior petrosal groove, 29, Eustachian
tube. 30. Opening of the aqueduet of the cochlea,

* For f_-‘.'clJ:um!ier see the last note.,
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under surface forms the border of the glenoid cavity; here it
presents two roots, of which one* runs horizontally backwards,
forming the outer margin of the glenoid cavity, whilst the other,’
turns inwards and forms the anterior border of that cavity.
At the point of division is a slight tubercle,” which gives at-
tachment to the external lateral ligament of the lower jaw. Now
the anterior root widens and subsides, becoming concave from
without inwards and convex from before backwards, as it forms
part of the articular surface upon which the lower jawbone
moves; in its natural condition it is covered with cartilage.
The other root, which is continued horizontally backwards,
bifurcates ;—one part® turns inwards to the fissura Glaseri,
whilst the other? gradually subsides as it passes backwards
over the auditory tube, yet marks the separation between the
squamous and mastoid portions of the bone. The glenoid fossa
(yAqvn, a shallow pit), marked off as here indicated, is elongated
from without inwards, and divided into two parts by a fissure,”
(fissura Glaseri, ) which transmits the chorda tympani nerve and
Jaxator tympani muscle, and gives attachment to the processus
gracilis of the malleus. The part before the fissure is smooth,
and articulates with the lower jaw ; the remainder lodges a pro-
cess of the parotid gland.

. The mastoid part' of the bone externally is rough, for
the attachment of muscles, and prolonged downwards, forming
the mastoid, or nipple-shaped process (peo7og, a nipple or teat,)
from which this division of the bone is named. This process
overhangs a groove, fig. 22," (digastric fossa,) for the at-
tachment of the digastricus muscle; close to this is a slight
groove ** (the occipital groove). When viewed at its inner
surface, the mastoid part presents a broad and generally a deep
groove (sulcus sinus lateralis),** which curves forwards and
downwards ; it here supports part of the lateral sinus. It is
usually pierced by a foramen,™ (. mastoideum,) which opens
into the sinus from the outer surface, commencing near the pos-
terior border of the bone. The size and position of this hole
vary in different instances; it sometimes exists in one temporal
bone and not in the other.

c. The petrous part,’ pars petrosa, named from its hard-
ness, (#erpos, a stone,) forms a triangular pyramid (pyramis
trigona) which projects into the base of the skull forwards and
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inwards. It contains the organ of hearing, and presents for ex-
amination a base, an apex (truncated), three surfaces, and three
borders. In the base is situated the orifice of the auditory
canal, which is bounded above by the posterior root of the
zygoma ; inferiorly, and in the greatest part of its circumfe-
rence, by a curved, uneven lamella (auditory process), to which
the cartilage of the ear is attached : this process is in the feetus
a separate piece. The canal itself (meatus auditorius externus),
narrower in the middle than at its extremities, is directed ob-
liquely forwards and inwards, and leads into the tympanum.
The apex or inner end of the pars petrosa, rough, irregular, and,
as it were, truncated, forms part of the foramen lacerum me-
dium, and is pierced by the termination of the carotid canal,'
(canalis caroticus) :—this canal commences in the inferior sur-
face of the bone anterior and internal to the jugular fossa, as-
cends at first perpendicularly, but soon turns horizontally for-
wards and inwards to the apex, where it ends.

The anterior or upper surface' of the petrous portion forms
part of the middle fossa in the base of the skull, where it looks
obliquely upwards and forwards. Towards the apex it is slightly
depressed,®® where it corresponds with the ganglion of the fifth
pair of nerves (Gasserian). A narrow groove is seen to run ob-
liquely backwards and outwards to a foramen ; it lodges a nerve
(¢¢ the large superficial petrosal,” a branch of the Vidian); the
foramen is named the hiatus Fallopii, and leads to the aque-
duct of Fallopius. More externally is a small aperture, which
gives passage to a nerve named * the small superficial petrosal.”
Farther back is a rounded eminence indicating the situation of
the superior semi-circular canal. The agueduct of Fallopius just
alluded to commences at the internal auditory meatus; it is a
small osseous tube lodged in the interior of the bone, and passing
at first in an arched direction, outwards and upwards, then back-
wards and downwards towards the base of the skull, where it
ends in the stylo-mastoid foramen ; it transmits the portio dura,
and receives, through the hiatus Fallopii, the Vidian nerve,

The posterior surface looks obliquely backwards, and forms
part of the third or posterior fossa at the base of the skull. 1In
it will be observed a large orifice,*" leading to a short canal
(meatus auditorius internus). 'I'he canal is oblique in its direc-
tion, having an inclination outwards and forwards. It conveys
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the auditory and facial nerves. Its fundus is formed by a la-
mella of bone (lamina cribrosa), divided into two parts by a
crest or ridge ; the upper or smaller part is pierced by a foramen
which transmits the facial nerve, whilst the lower presents seve-
ral very small apertures through which the fibrils of the auditory
nerve pass. About three lines further back than the orifice of
the meatus is a narrow fissure,*® oblique in its direction. It is
the termination of the aqueaductus vestibuli. Between the aper-
ture of the aqueduct and that of the meatus is an irregular de-
pression, into which a small process of the dura mater is fixed.
On the inferior surface of the pars petrosa, which is exceed-
ingly irregular, we observe, proceeding from within outwards
and backwards, a rough surface®® giving attachment to the
levator palati and tensor tympani musecles, the carotid foramen,
the jugular fossa, the vaginal and styloid processes; lastly, the
stylo-mastoid foramen. The carotid foramen leads into the
curved canal (canalis caroticus) already noticed. The jugular
fossa,® (fossa bulbi venz jugularis internz,  the thimble-like
cavity,”) with a larger depression in the margin of the occipital
bone, forms the ¢ foramen lacerum posterius.” This large fora-
men is in some cases divided into two parts, but unequally, by
a spiculum of bone ; the anterior and inner portion gives passage
to the glosso-pharyngeal, vagus, and spinal accessory nerves,
whilst the posterior and larger one transmits the jugular vein.
In the plate of bone which separates this fossa from the carotid
canal is the opening of a small canal, through which the nerve
of Jacobson passes to the tympanum. External to the margin
of the jugular fossa is the styloid or pencil-like process,* long
and tapering, with an inclination downwards and forwards. lIts
length varies from an inch to an inch and a halfs it gives
attachments to three muscles and two ligaments. Close before
the base of the styloid process is a compressed bony plate,* the
vaginal process (vagina processus styloidei), the free surface
of which looks obliquely forwards. Between the reot of the
styloid process and the mastoid (and named from its position
with regard to them) is the stylo-mastoid foramen,” (f. stylo-
mastoideum.) It forms the outlet or termination of the aque-
duct of Fallopius, and gives exit to the facial nerve. Near this
foramen and at the back part of the jugular fossa is another, by
which the auricular branch of the vagus nerve enters the bone,

- g
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The superior border of the pars petrosa is grooved for the
petrosal sinus;** the anterior, which is very short, forms,
with the squamous part, an angle at their point of junction,
in which is situated the orifice of the FEustachian tube,? a
canal which leads from the pharynx to the tympanum: above
this, and separated from it by a thin horizontal lamella (pro-
sessus cochleariformis), is another osseous tube, that gives
passage to the tensor tympani muscle. The posterior border
articulates with the basilar process of the occipital bone, and
forms with it the foramen lacerum. About the middle of this
edge or border is a minute foramen,™ the opening of a small
canal leading from the cochlea (aguaductus cochle).

Articulations—The temporal bone articulates with the pa-
rietal, malar, inferior maxillary, sphenoid, and occipital bones.

Attachments of museles,— To the zygoma is attached the
masseter ; to the squamous portion, the temporal ; to the mas-
toid process, the retrahens aurem, the sterno-mastoid, splenius
capitis, and behind the process the trachelo-mastoideus ; to the
digastric fossa, the digastricus ; to the styloid process, the stylo-
glossus, stylo-hyoideus, and stylo-pharyngeus; to the apex of
the petrous portion, the levator palati and tensor tympani,

The ossification of the temporal

bone begins at an early period,— Fig. 23.%
about the time that osseous matter ALY
begins to form in the vertebree. il M’}j
It proceeds from several nuclei. Ll RO %
These belong to—1. the zygoma ; ~ _,__;g__h
2. the squamous part ; 3. the tym- :L:-;jf f?ﬂf ot
panic bone; 4. the petrous and I e
mastoid part; 5. the styloid pro- S

cess. 'T'he centres of ossification

here mentioned are exclusive of °©
those for the internal ear, and the
small bones of the tympanum,

which will not be referred to in this place.

* A temporal bone of the right side, consisting of
a. The squamous part and zygoma. & The tympanic bone. ¢ The
petrous and mastoid part, The letter (c) is placed on the mastoid end. The
remainder of this piece is, in the natural state, ecovered by the other divisions
of the bone ; part of it is the inner wall of the tympanum,
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The formation of bone begins with the gygoma and the
squamous part (fig. 23,7) 3 and it is not ascertained with
certainty if they are formed from separate nuclei. Béclard
speaks of them as seeming to be distinct; but, if they are so,
they very speedily coalesce.

The growth of the tympanic bone soon succeeds the pre-
ceding. This little bone forms about three-fourths of a
circle ; the deficiency being at the upper part (fig. 23.%).
The shape is rather elliptical than completely circular. It is
grooved along the concave surface for the membrane of the
tympanum (annulus membrane tympani) ; and it remains dis-
tinet from the rest of the temporal bone till about the full
period of intra-uterine existence, when it becomes joined by the
two extremities beneath the roots of the zygoma.

The petrous and mastoid parts (fig. 23,°) are formed from
the same centre, and the ossification of the latter is to be re-
garded as a continuation backwards from that of the former.
The mastoid process is also in some instances found to have one
or even more independent nuclei.*

The part of the temporal bone which is latest in its ossifica-
tion is the styloid process, which remains a separate piece for a
considerable time ;—in some cases it is never united to the rest
of the bone. This process varies very much in the length to
which it grows; in a few instances it has been found to reach
even to the os hyoides, instead of being connected to that bone
by a ligament of some length.

At birth the temporal bone consists of three pieces, viz. the
squamous and zygomatic; the petrous and mastoid ; and the
tympanic. These pieces soon unite, and the place of junction
between the petrous and squamous parts is, for some extent,
permanently marked by a sort of suture. (Partial union is
cometimes found to have taken place at the usual period of
birth.) Afterwards the bone undergoes several changes. The
most considerable are the following:—The tympanic piece
oxtends outwards, so that it forms a canal, at the bottom of
which the membrane of the tympanum is placed, instead of
being on a level with the surface of the skull, as it is before
that change has taken place in the bone; the glenoid fossa

#* Kerckringius, © Ostogenin Feetuum,” Tab. 35, 36.
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becomes much deeper; the surface of the petrous part, pre-
viously irregular, is filled up, so to say, and becomes more
uniform ; and the mastoid part enlarges, and is rendered promi-
nent by the formation of cells in its interior.

THE SPHENOID BONE.

The sphenoid, a single bone, figs. 24, 25, placed trans-
versely at the base of the skull,
enters into the formation of the Fig. 24.%
cavity of the skull, of both or-
bits, of the nasal fossm, of the
temporal and the zygomatic
fossee, and may be said to con-
tribute in a small degree to the
hard palate. It is articulated
with all the bones of the cra-
nium and several of those of the face, between which it is in-
serted somewhat like a wedge; whence its name (o@my, a
wedge; edog, like). The form has been likened to that of a
bat with its wings extended, and the comparison is not very
far-fetched, particularly if the ethmoid bone remains attached,
as often happens. Like other irregular bones, it may be
divided into body and processes.

To place this bone in its proper position so as to perceive
clearly the relations of its different parts, observe that it has two
thick processes somewhat like legs. Hold it so that these shall
project downwards, as if from beneath the body and wings, and

* Explanation of figures 24 and 25 :—In the former the sphenoid bone is
viewed from above ; in the latter it is seen in front. 1. Sul]lu. Tureica. 2.
The outer part of the body. 3, Groove for the earotid artery. 4. is placed
above the EIel’t posterior clinoid process. 5. The rostrum. 6. A groove
which forms part of the pterygo-palatine eanal. 7. points to the sphe-
noidal sinuses, 8. Sphenoidal spongy bones. 9. Basilar surface,  10.
One of the great wings. 11. Its orbital surface. 12. Its upper surface, 13,
Its external surface. 14. is intended to mark the ridge by which the exter-
nal surface is divided into a temporal and a zygomatic part. 15. One of
the small wings. 16. Ethmoid spine. 17. Anterior elinoid process. 18,
Internal pterygoid process, 19, Its hamulus, 20. External pterygoid pro-
cess, 21. Fissure between the pterygoid processes, 22, Olivary I}r:;{:QSE_ 23.
The spine. 24. Sphenoidal fissure. 25. Optic foramen. ~ 26, Foramen
rotundum. 27. Foramen ovale. 28, Foramen spinosum. 29, Pterygoid
foramen—the opening of the vidian eanal, :
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let those edges of the processes which are channeled into ver-
tical grooves look backwards. ;

Of the body, or central part of the bone.—To give precision
to its description we say that it presents six aspects or surfaces,
each of which looks in a different direction and has distinct re-
lations :—The superior surface, which forms part of the basis of
the skull, is of limited extent, yet is hollowed into a deep pit,’
which lodges the pituitary gland : hence this excavation is
called pituitary fossa, and sometimes * sella Turcica,” from
some resemblance to a Turkish saddle (ephippium). On each
side of the fossa the surface is depressed,® and corresponds
with the cavernous sinus; farther back are two superficial
grooves,’ directed from behind forwards, which correspond
with the internal carotid arteries. Before the fossa, isa slightly
depressed portion of the bone (processus olivaris) 2 on a level
with the optic foramina, on which rests the commissure of the
optic nerves ;—behind it, is a prominent ascending lamella, of
a square form, and sloping backwards, so as to be continuous
with the basilar groove of the occipital bone : the corners of this
lamella project over the fossa, and are called the posterior
clinoid processes,* (xhvy, a bed.)

The inferior surface of the body is the narrow interval be-
tween the pterygoid processes; it is intersected by a prominent

spine, fig. 25,7 called the
Fig. 25.% roslrum Or azygos process,
which dips downwards and
forwards to join the vomer. .
At each side are two small
and slightly everted lamelle
(projecting from the base of
the pterygoid processes),
which articulate with the
margins of the vomer. Far-
ther out is a small groove,® which contributes with the head
of the palate hone to form the pterygo-palatine canal.

The anterior surface is very irregular, and presents the
openings of two deep sinuses,” into which the bone is hollow-
ed : these sinuses (sphenoidal) do not exist in young chil-

* For explanation, see foot note, page 47.
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dren ; in the adult, in whom they are of considerable size, they
are separated by a thin partition (septum sphenoidale), which is
continuous inferiorly with the rostrum, and in the front proiect-
ing as a crest (crista s. spina sphenoidalis) it articulates with
the central lamella of the ethmoid bone. The sinuses are
covered in anteriorly by two thin osseous plates,” the sphenoi-
dal spongy bones (cornua sphenoidalia, cornets sphenoidaux) ;
these do not, however, altogether seal up the sphenoidal sinuses,
but leave a circular aperture, by which they communicate with
the posterior ethmoidal cells. In early life they are distinet,
and easily separable; but in the adult they become united
either with the margins of the sinuses or with the ethmoid or
the palate bone.

The posterior surface, fig. 24,7 is flat, and united with the
basilar process of the oceipital bone,—in early life by cartilage,
but in adult age by osseous matter.

The lateral surfaces are continuous with the great wings,
which branch out from them on either side.

Of the processes.—The principal processes are, the great
wings, the small wings, and the pterygoid processes ; the minor
ones are the ethmoid spine, processus olivaris, clinoid processes,
the rostrum, the hamular and spinous processes.

The great wings,"® (al® majores,) project outwards, for-
wards and upwards, from the sides of the body of the bone, and
are so formed as to present each three surfaces, looking in differ-
ent directions. One, anterior, (orbital,)'* is square, smooth,
inclined obliquely forwards, and forms part of the outer wall of
the orbit. The second,'® (superior or cerebral,) of much
greater extent, is elongated from behind forwards, and concave,
so as to form part of the middle fossa of the base of the skull,
which supports the middle lobe of the brain. The third,"
(external or temporo-zygomatic,) looking outwards and forming
part of the side of the cranium, is elongated from above down-
wards and slightly hollowed. But it will be observed, that this
surface, taken as a whole from the top of the wing down to the
root of the pterygoid process, presents two parts divided by a
ridge or crest of varying size.'* T'he upper and longer divi-
sion forms part of the temporal fossa, and the inferior or smaller
one enters into the zygomatie fossa.

The small wings,” (ale minores,) called also wings of In-
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in cavity of grassias, are triangular in form, horizontal in direction, and ex-
::fl;'i]::“d tended forwards and outwards, on a level with the upper surface
of the body—its fore-part. Their upper surface, plain and flat,
supports part of the anterior cerebral lobes, the inferior one
overhangs the back part of the orbit and its sphenoidal fissure.
The anterior border, sharp, thin, and rough, articulates in the
greater part of its extent with the orbital plate of the frontal
bone, and internally, at the middle line, where the bases of the
two processes are united, there is a slight angular process,'
(ethmoidal spine,) which articulates with the eribriform lamella
of the ethmoid bone. The posterior border, rounded and
smooth, is free and unattached, and corresponds with the fissure
(fissura Sylvii) which separates the anterior from the middle
lobe of the brain. The external and anterior ends of these pro-
cesses are sharp and pointed, whilst posteriorly they terminate
Anterior  in two blunt tapering productions (the anterior clinoid pro-
ﬂ::;""d P' cesges)’” which incline obliquely backwards, towards the
" . pituitary fossa, and overlay the cavernous sinuses and the carotid
Optic fora- artery. They are perforated at the base by a round foramen
i (optic), which transmits the optic nerve and ophthalmic artery.
Pterygoid The pterygoid processes are seen at the inferior surface
M temal . of the bone, from which they project down like legs rather than
and inter-  wings, though the name given to them would indicate the re-
E:%e::]:i:h VErse (Wﬁfvﬁs a wing). Each of these consists of two narrow
plates (pterygoid lamelle), united at an angle in front, and
Pterygoid  diverging behind, so as to form an angular groove (pterygoid
gl Jossa). The internal plate,” longer and narrower than the
external, is prolonged into a slight round process,’? named,
from its crooked form, the hook-like or kamular process, round
which plays the tendon of the tensor palati muscle. The exter-
nal lamella® looks outwards, and somewhat forwards, bounds
the zygomatic fossa, and gives attachment to the external ptery-
goid muscle. At the root of the internal lamella is situated a
Fossa navi- slight depression ( fossa navicularis), which gives attachment to
GEAri. the tensor palati muscle; in the groove or fossa, between the
two plates, arises the internal pterygoid muscle. The groove is
incomplete at its lower part when the sphenoid bone is examined
by itself; for an angular insterstice® exists between the
pterygoid lamelle. This, however, is filled up by a part of
the pyramidal process of the palate bone, which is inserted
between the margins of the lamellz.
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The ethmoid spine, already noticed, is a very small angular
plate®® which projects forward on a level with the upper sur-
face of the lesser wings in the middle line, and articulates with
the cribriform lamella of the ethmoid bone.

The processus olivaris is a minute elevation,” seen on
that depressed piece of bone on a level with the optic foramina,
and which supports the commissure of the optic nerves.

The clinoid processes are two pair, one'? before, the other’
behind the pituitary fossa; therefore called anterior and pos-
terior. A spiculum of bone often passes from the anterior
to the posterior clinoid process at one or both sides. And
occasionally one dips down from this to the body of the bone ;
it is called the middle clinoid process.

The rostrum is the prominent angular ridge,” which pro-
jects downwards from the under or guttural surface of the bone,
dividing it into two parts.

The hamular process’® projects from the termination of
the internal pterygoid plate, is thin, constricted, and curved in
the greater part of its extent, but ends in a small blunted
tubercle.

The spinous processes®® are placed at the posterior and
inner terminations of the great wings, from which they project
downwards about two lines.

Fissures and _foramina.—Each lateral half of the bone pre-
sents a fissure, four foramina, and a canal. The fissure,*
(fissura sphenoidalis,) triangular and elongated, is placed be-
tween the lesser and greater wings, opens into the orbit, (hence
sometimes named foramen lacerum orbitale,) and transmits the
third, the fourth, and the sixth nerves, the ophthalmic branch
of the fifth and the ophthalmic vein. This fissure is separated
at its base from the foramen opticum by a narrow plate of bone
which passes from the under surface of the anterior clinoid pro-
cess (at its root) obliquely down to the body of the sphenoid
bone : to this is attached a small tendon, common to the in-
ferior, internal, and external recti muscles of the eye. Of the
foramina, — the optic foramen®® inclines outwards and for-
wards on a level with the fore-part of the body of the bone ; it
transmits the optic nerve and the ophthalmic artery. Farther
back and on a lower plane, inasmuch as it is situated in the

great wing, is a round aperture,” leading forwards; it is the
E 2
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SJoramen rotundum, which transmits the superior maxillary
branch of the fifth pair of nerves. A little farther back and more
external is a large foramen” of an oval form, hence called
SJoramen ovale; it gives passage to the inferior maxillary
branch. Near the posterior angle of the ala is the foramen
spinosum®; it is very small, and transmits the middle
meningeal artery. The root, or base, of each internal pterygoid
process is pierced by a circular foramen, fig. 25, more pro-
perly a canal, ( pterygoid, Vidian,) extending horizontally from
before backwards, slightly expanded before, narrowed behind,
and giving passage to the posterior branch (Vidian) from
Meckel’s ganglion,

Articulations.—The body of the sphenoid bone articulates
posteriorly with the basilar process of the occipital ; anteriorly
with the ethmoid ; with the orbital processes of the frontal by
the lesser and greater ale ; with the anterior inferior angles of
both parietal, and the squamous portion of the two temporal
by the great ale ; and by the spinous processes with the angles
between the petrous and squamous portions of that bone : with
the vomer it articulates by the rostrum ; with the malar bones
by means of the external border of the orbital plates, and with
the palate bones by the pterygoid processes;—in all, twelve
bones.

Attachments of muscles.—Round the optic foramen in each
orbit are attached the four recti, the obliquus superior, and
levator palpebree muscles; to the external surface of the great
ala at each side, the temporal muscle; to the external ptery-
goid process, the external pterygoid muscle ; to the pterygoid
fossa, the internal pterygoid ; to the inferior half of the internal
pterygoid plate, the superior constrictor of the pharynx; to
the fossa navicularis, the circumflexus palati; and to the
spinous process, the laxator tympani.

T'he ossification of the sphenoid bone begins soon after it
has commenced in the occipital. As this bone is developed from
many centres, and some arrangement is necessary for the sake of
clearness, it will be considered as divisible into a posterior and
an anterior part, which, with Béclard, we may name spheno-
temporal and spheno-orbital. Kach will be noticed separately.

1.—The posterior or spheno-temporal division includes the
great wings, the pterygoid processes of both sides, and the
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Fig. 26.=

interposed body. The first nuclei for this part (they are the
first that appear in the bone) are deposited one on each side
close to the foramen rotundum, and from this point the
ossification spreads outwards into the great wing, and down-
wards into the external pterygoid process (fig. 26, a, 8, c,' V).

The internal pterygoid processes are formed separately, each
from a distinct centre (c*), and they unite with the external
plate soon after the middle of fwetal life.

For the formation of the body two rounded granules are
placed side by side in the cartilage beneath the sella Turcica
(ao®). These enlarging, unite about the fourth month into
a single piece, which is elongated transversely and notched in
the middle (8*). This piece subsequently presents on each

*® A. The sphenoid bone of a fietus, aged about three months, is seen from
above. The great wings are ossified ; the body has two round granules of
bone beneath the sella Turcica, and the rest of it is cartilaginous. In the small
wings which are formed from a single centre, the ossification has encireled the
optic foramen, and a small suture is distinguishable at its posterior and inner
side. The internal pterygoid processes are still separate (¢ *) in the Ire]m—
ration from which the jrawing was made. B. This figure is copied from
Meckel (“Archiv.” B. 1, Taf. vi. F. 23). It is stated to be from a fetus
at the middle of the sixth month, The two granules for the body are united,
and a trace of their union is observable in the noteh in front. The lateral
projections of the body (%) are separate pieces. C. is a sketch of the back
part of the preparation drawn in A. The internal pterygoid proeess, which
was united only by cartilage to the rest of the bone, has been drawn aside.
D. This figure represents the sphenoid at the usual period of birth. The
great wings are separate. The anterior sphenoid is joined to the body.

1. The great wings. 2. The small wings. 2*. Additional nuclei for the
small wing. 3. The body. 4. The infernal pterygoid process. 5. The
lateral processes of the body,
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side a projection, which Meckel deseribes and figures as an
independent formation (B °).

The parts here described remain separate one from the other
during the whole of fetal life, with the exception of the internal
pterygoid processes, the time of whose junction has been men-
tioned,

9.—The growth of the anterior or spheno-orbital part com-
mences at an early period, soon after ossification has first
showed itself in the bone.

Its first nucleus appears at the outer margin of the optic fora-
men, and from this point the deposit of bone extends outwards
in the small wing and around the foramen (a®). There
is frequently another granule placed on the inner side of the
foramen (B *°). :

The middle of this division of the bone either results from
the union of the lateral pieces just referred to, or is the product
of an independent growth.

The sphenoidal crest is perhaps generally produced by ex-
tension of the ossification of the middle of the spheno-orbital
part, and therefore —according to the manner in which the
middle is formed — proceeds either from the lateral pieces or
from the central one. It is, however, not unfrequently altogether
independent in its formation. '

Some time before the end of feetal life, the parts of the ante-
rior sphenoid are joined together, and they unite with the body of
the posterior division. So that at birth the sphenoid consists of
three large pieces, viz: 1. the great wing and the pterygoid
processes of one side; 2. the same parts of the opposite side ;
3. both the spheno-orbital parts and the body united into a
single piece (fig. 26 »).

To the three principal pieces present at the usual period of
birth must be added, the rudiments of the sphenoidal spongy
bones, whose ossification begins about two months before that time.

In the course of the first year after birth the great wings and
the body are no longer separable. About the age of puberty the
spongy bones are joined to the sphenoid; they subsequently are
connected to the ethmoid, and in consequence of this union they
are often broken during the separation of the bones of the adult

skull. Lastly, the sphenoid unites with the occipital bone.—
See page 54. ;
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The ethmoid, or sieve-shaped bone,
fig. 27, (ndmog, a sieve ; adog, form; os
ethmoides,) is common to the cranium,
the orbits, and the nasal fosse ; it is
placed at the fore part of the base of the ({2
skull, from which it projects downwards,
and is inserted between the orbital plates
of the frontal bone, lying behind the
nasal and superior maxillary bones, before the sphenoid and
above the vomer. It is exceedingly light and thin, considering
its size, and seems at first, but a collection of irregular cells,
enclosed between plates of bone as thin as paper. It is of a
cuboid figure, symmetrical, and composed of two lateral masses,
between which is interposed a central vertical plate. This
points out a mode of dividing the bone for the purpose of de-
seription, but it is more convenient to consider it as a whole,
and examine separately each of its six surfaces.

To place the bone in its proper position, observe that its
upper surface is the one from which arises a smooth angular
process like a cock’s comb. The short border of this looks
forward, and the long sloping one backwards.

The superior or cerebral surface of the bone is at once
recognised by its presenting a triangular process, which pro-
Jects upwards from it, in the middle line; this process,' from
some resemblance to a cock’s comb, is called crista galli. The
surface of the crista is smooth and compact, its form triangular,
the base being horizontal, and on a level with the cribriform
plate, below which it is continuous with the perpendicular la-
mella forming the septum narium ; the posterior border of this
process is long, and slopes backwards, but the anterior is short,
and nearly perpendicular ; at its junction with the base two small
bony masses sometimes project forwards, leaving between them a

* The ethmoid bone scen from the left side, 1. Crista galli. 2. Cribri-
form plate. 3. Fissure for the foramen cieeum. 4. Perpendicular or central
plate. 5. Os planum. 6, 7. Grooves which form parts of the internal
orbital foramina, 8, The posterior end of the superior spongy bone. 9.
The second spongy bone. 10, Infundibulum,
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fissure which forms part of the *foramen ceecum,” placed in the
middle line at the junction of this bone with the frontal. The
crista galli is usually perpendicular, but occasionally inclines to
one side ; it is sometimes bulged a little at the sides, and is
then found to enclose a small sinus ; it gives attachment to the
falx cerebri, the two layers of which in a manner embrace it.

Beside and behind the crista is the sieve-like or eribriform
lamella® (lamella cribrosa). It consists of a narrow plate of
bone, pierced by a number of holes, from which it derives its
name ; posteriorly this plate of bone is, for a very little way, even
and horizontal ; it then becomes depressed into two grooves be-
side the crista, which lodge the ganglia of the olfactory nerves.
This part of the surface is narrow, elongated from behind for-
wards, and pierced by numerous foramina, for the transmis-
sion of the filaments of the olfactory merves. The foramina
in it are of three sorts: those which lie along the middle
of the groove are mere holes or perforations which permit the
filaments of the nerves, with their membranous investments, to
pass down to the roof of the nares; the external and internal
rows are larger, and form the orifices of small canals, which are
grooved in the bone, and subdivide as they descend into the
septum and spongy bones. In the anterior border of the cribri-
form lamella, and close to the crista galli, is a fissure at each
side of its base, which transmits the nasal filament of the
ophthalmic nerve. Along the outer margin of the eribriform
plate we observe several small cellules, which are open, and, as
it were, incomplete when the bone is detached from its natural
situation, but are closed in by the orbital plates of the frontal
bone, and completed by a junction with the cells observed in
their border. At the posterior margin of this surface, and in
the middle line, is a slight notch, which receives the ethmoid
spine of the sphenoid bone.

The anterior surface of the bone presents in the middle the
edge of the perpendicular or nasal lamella;* at the sides of
this are narrow grooves which separate it from the lateral masses,
and form the upper part of the nasal fosswm ; still farther out
are some open cellules, which when the bone is in its place are
closed by the ascending process of the superior maxillary bone.

The posterior surface presents also in the middle the edge of
the perpendicular lamella, then the grooved posterior margins
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of the ethmoidal turbinate bones, and still more externally
large open cellules which are closed by the sphenoid bone and
its turbinate bones, and lower down by the head of the palate
bones.

The lateral or orbital surfaces are smooth and plain ;° each
is formed of a thin plate of bone (lamella plana; os planum,)
which lies in the inner wall of the orbits.

The inferior or nasal surface of the bone is of considerable
extent, and presents in the middle line a flat plate of bone, and
two lateral masses separated from it by a narrow interval = these
lateral parts are formed of thin plates, enclosing cellules, which
appear so complex as to be likened by some persons to a laby-
rinth.

Thus far we can proceed with our deseription of the bone
as if it were a single piece, which presented several aspects, each
requiring to be noticed ; but when we look at it from below, we
find it expedient to consider it as divisible into a central or
median plate, and two lateral parts or masses.

The descending or nasal plate (lamella nasalis), called also
the perpendicular or central plate, though it frequently inclines
to one side, forms a considerable part of the septum nasi (fig. 39,
#) 5 it is continuous above with the base of the crista galli, as
already stated ; below, it articulates with the vomer and the
triangular cartilage of the nose ; its anterior margin joins by its
upper part with the nasal process of the frontal bone, and lower
down supports the ossa nasi; the posterior margin articulates
with the septum sphenoidale. This plate presents a number of
grooves and minute canals, leading from the foramina of the
cribriform lamella, for the transmission of the olfactory nerves :
in the natural condition it is covered by the pituitary membrane.

Lateral masses—The external surface of each of these con-
sists of a thin, smooth, and nearly vertical plate of bone, fig. 27,°
(lamella plana, os planum,) which closes in the ethmoidal cells
and forms a considerable part of the inner wall of the orbit: it
articulates above with the orbital plate of the frontal bone;
below, with the superior maxilla and palate bone ; in front, with
the os unguis ; and behind, with the sphenoid. At its anterior
and posterior margins the ethmoidal cells are open when the bone
is detached from its connexions; in the former situation they
are closed by the os unguis; in the latter, by the splmnniEI
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spongy bones. In its upper margin are two grooves,”7 which
are formed into foramina by similar indentations in the frontal
bones, and so form the internal orbital foramina ( foramen orlbi-
tarium internum, anterius et posterius).

The inner surface of each lateral mass (fig. 38) forms part of
the external wall of the corresponding nasal fossa, and consists of
a thin osseous plate, connected above with the cribriform lamella,
from which it hangs down, and below ends in a free margin,
which is convoluted a little, and represents the middle spongy
bone. At its upper and fore part is a square, flat, but rough
surface, which is pierced by a number of grooves, leading from
the foramina of the cribriform lamella; posteriorly are placed
two thin and also rough osseous plates, curved a liitle, so
as to represent small bivalve shells, from which circumstance
they are called ethmoidal turbinate bones; but from their tex-
ture, being cellular and porous on the surface, they are named
spongy bones. Of these, the first or upper one (fig. 38,%),
(concha superior,) which is also placed farther back, is very
small ; by the curve or coil which it makes it arches over, and
forms a groove or channel (meatus naris superior): this is of
small extent from before buckwards, not being more than half
that of the ethmoid bone; it communicates with the posterior
ethmoidal cells, and the sphenoidal sinuses. Still lower down is
another osseous lamella (fig. 8,7) thin, rough, and convoluted,
which is the second ethmoidal spongy, or turbinate bone. Its
lower margin is more rough and prominent than that of the
upper one, and its extent from before backwards nearly double.
Beneath this is a groove or channel which it overhangs so as to
form the second meatus naris, which communicates with the
anterior ethmoidal cells, the frontal sinuses, and the antrum of
Highmore.

The surface of these spongy bones is studded over with holes,
which are the orifices of canals lodged in the substance of this
slender structure. These (the canals) Jead from the foramina in
the cribriform plate, and they vary in length, some reaching only
a very short way, while others extend to the lower margin of the
bone. Their direction is nearly vertical, with, in most in-
stances, a slight inclination backwards, and they conduct the
branches of the olfactory nerve to the lining membrane of the
nasal fossa at different points.
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There are also generally, if not always,” to be found on the
second spongy bone—on the posterior margin, and for a short
space in front of it—one or two slight horizontal grooves mark-
ing the course of small nervous filaments, which enter through
the spheno-palatine foramen.

The osseous plate here described gives attachment by its outer
surface to a number of osseous lamella, thin and delicate, which
pass across the space between it and the lamella plana, dividing
it into a number of cells (ethmoidal). These do not all com-
municate ; they are separated into two sets by a sort of trans-
verse partition, the posterior being small and few in number—
from four to five,—whilst the anterior, larger and more nume-
rous, communicate with the frontal sinus. The cellule (fig. 27,
10) " which directly communicates with the middle meatus, is pro-
longed, in a curved direction, upwards and forwards, opening
by a small aperture into the anterior ethmoidal cells, and by an-
other, farther on, into the frontal sinus; and, as it is broad
below, and tapering above, it assumes somewhat the form of a
funnel, and hence is named infundibulum.

The superior border of each lateral mass presents some in-
complete cells, before noticed when describing the cribriform
plate ; the inferior gives off some irregular lamellee, which arti-
culate with the side of the maxillary sinus and the inferior tur-
binate bone; the anterior also exhibits some incomplete cells,
which are closed in by the os unguis and the nasal process of
the superior maxillary bone.

Articulations.—The ethmoid articulates with thirteen bones
—the frontal, the sphenoid, and vomer, two nasal, two ossa
unguis, two superior maxillary, two palatal, and two inferior
spongy bones.

Ossification.—In the ethmoid bone this process begins about
the middle of fwtal life—from the fourth to the fifth month —
a later period than belongs to its commencement in any other
bone of the cranium. Bone is first visible in the outer sides—
the ossa plana,—and soon after becomes apparent in the spongy
bones, but the middle plate remains cartilaginous till after
birth.

At the usual period of birth the ethmoid consists of two
parts—the lateral masses,—and these are small and narrow,
Subsequently, (in the course of the first year,) the middle plate
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and the lamina cribrosa begin to ossify, and the bone becomes a
single piece by the union of the latter to the lateral masses.

The peculiar character of the ethmoid is afterwards gradually
developed by the unfolding, as it were, of its substance, and the
increase in the size of its cells.

0S8A TRIQUETRA.

Accidental, or supernumerary bones, are not unfrequently
found in skulls. From their form, which is very variable, they
are sometimes called triquetra, at others, triangularia, or ossa
Wormii, from Wormius, a learned Danish professor, who is
said to have given the first detailed description of them. They
are osseous plates, with serrated margins, inserted, as it were, be-
tween two cranial bones (ossa intercalaria, epactalia), and appear-
ing like islets placed in the sutures. Their most ordinary
position is in the lambdoid suture, next in the sagittal, seldom
if ever in the coronal, never in the squamous. The superior
angle of the occipital bone sometimes occurs as an accessory
piece ; so does the anterior inferior angle of the parietal. They
are not found before the sixth or eighth month after birth ; and
whatever varieties of size and appearance they may present, the
principle of their formation is the same in all cases. As the
broad bones grow by successive deposits, extending from their
central points towards the margins, whenever the natural process
is retarded or interrupted, the mode of osseous deposition takes
a new direction, a new centre is established in the layer of carti-
lage between the margins of the bones, and therefore in the
situation of the suture, from which it extends outwards, until it
comes into contact with the margins of the contiguous bones,
with which it becomes united in the usual way by suture.
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BONES OF THE FACE.

These, as above stated, page 29, are fourteen in number.,

THE SUPERIOR MAXILLARY BONE.

This bone, fig. 28, (maxilla superior,) Fig. 28.%
is very irregular. It presents an external
convex surface, corresponding with the
anterior and lateral parts of the face:
another, internal, of considerable extent,
corresponding with the nasal cavity;
one, superior, smooth, and inclined in-
wards, forming the floor of the orbit,
and surmounted internally by a triangu-
lar process, forming the side of the nose;
lastly, a surface which projects horizontally inwards, to form the
arch of the palate. The external surface is bounded inferiorly
by a thick, dependent border (alveolar), for the lodgment of the
teeth; to this as to a common point of union, all the other
parts of the bone may be referred.

The alveolar border,” thick, semicircular, convex exter-
nally, concave internally, is pierced along its margin by a
number of deep pits (alveoli), into which the teeth are inserted.
The pits or sockets vary in form and depth, conforming in
these particulars to the roots of the teeth which they receive.
From this border the external side ascends to the margin of the
orbit, presenting some depressions and elevations; but at its
fore-part it is interrupted and excavated so as to present a
deeply concave margin,® which, with a similar one in the cor-
responding bone, forms the anterior nares. This excavation is

surmounted by a process® (ascending or nasal), prolonged as
far as the frontal bone, with which it articulates.

* The outer surface of the left superior maxilla :—1. The middle of the
alveolar border. 2. The side of the anterior nares. 3. The nasal process.
4. Groove for the nasal duct. 5. The malar process. 6. Canine fossa.
7. Infra-orbital foramen. 8. Myrtiform fossa. 9. The tuberosity. 10,

The orbital plate. 11. A ridge, terminating anteriorly at 12, the anterior
nasal spine.
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The external surface of the masal process, slightly grooved,
gives attachment to the orbicularis palpebrarum muscle and the
Jevator labii superioris aleque nasi. The internal, or nasal sur-
face, somewhat concave, presents a rough line, running from
before backwards, which articulates with the inferior spongy
bone ; above this is a depression corresponding with the middle
meatus of the nose, and, towards the summit, a rough surface,
which closes in the anterior ethmoidal cells. The anterior
border is rough, for its attachment to the nasal bone; the
posterior presents a well-marked groove,* running from above
downwards, and a little backwards with a slight curve, and
which is completed into a canal by a similar one in the os
unguis, for the lachrymal sac.

The part of the external surface a little above the molar
teeth, is elevated into a rough projection,” (malar process,
eminence, tuberosity,) for its articulation with the malar bone.
Anterior and inferior to this is observed a fossa,® ( fossa
canina,) which gives attachment to the levator anguli oris.
Between this fossa and the margin of the orbit is the infra-
orbital foramen,” which transmits the superior maxillary
nerve. A little above the sockets of the incisor teeth is a slight
depression,® (myrtiform, or superior incisor fossa,) which
gives attachment to the depressor muscle of the ala of the nose.
Behind the malar tuberosity the surface is slightly excavated,
and forms part of the zygomatic fossa; towards the posterior
border it is plain, and forms one side of the spheno-maxillary
fissure ; and, at its junction with the orbital plate, it is rounded
off and leads to the entrance of the infra-orbital canal. It
terminates by a slight tuberosity, (tuber maxillare,)? which pro-
jects behind the last molar tooth, and is perforated by a number
of foramina, which transmit the superior dental nerves and arte-
ries. The inner surface of its posterior border is rough, for its
attachment to the tuberosity of the palate bone, and presents
also a slight groove, contributing to the formation of the pos-
terior palatine canal, which transmits the descending palatine
branches from Meckel's ganglion.

From the upper border of the external surface, the orbital
plate™ projects inwards, forming the floor of the orbit; its
surface is smooth, being merely interrupted by the groove which
leads to the infra-orbital canal ; and at ils inner and fore part,
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near the lachrymal groove, is a minute depression, which gives
origin to the inferior oblique muscle of the eye. The infra-
orbital canal commences behind on the surface of the orbital
plate as a groove; becoming deeper in front and being changed
into a complete canal, it opens on the anterior surface of the
bone at the infra-orbital foramen, some distance below the mar-
gin of the orbit. It gives passage to a large nerve and an ar-
tery. In the interior of the bone a small canal leads down-
wards from the larger one, and conducts a nerve (anterior
dental) to the front teeth.

The horizontal or palate plate of the bone projects inwards,
forming the roof of the mouth and the floor of the nares. Tts
nasal surface is concave from side to side, and smooth; exter-
nally it is continuous with the body of the bone, internally it
presents a rough surface, which is articulated with the corres-
ponding bone, and surmounted by a ridge,"* which completes
the septum narium by articulating with the vomer and nasal
cartilage ; in front it is prolonged a little, so as to form a small
process'® (anterior nasal spine) ; beside it is the incisor fora-
men, leading into the anferior palatine canal. The inferior
surface of the palate plate which overhangs the mouth is arched
and rough, and among the prominences of the surface it is
slightly grooved for a large nerve which reaches the palate
through posterior palatine canal.

On examining with attention Fig. 29,
the large canal or fossa, named
the anterior palatine, fig. 29,
(in the skull,) it will be found
that it contains four openings—
two placed laterally,” # and two
in the middle, one* before the
other’. The two former are
described as the foramina of Steno* (of Stenonis more properly)
in many of the older anatomical works, They are mentioned
above as the * incisor” foramina. The others, which were

—

* The name is usually thus written in English books ; but it should be
mentioned, that the real name was  Stenson,” and of this the ordinary
Latin version was “ Stenonis.”” — See, among others, Haller, * Elem.
Physiol.” t. i. p. 353, — Blumenbach, “ Introduct. in Histor, Medicing
Litt.” p. 253.
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first brought under notice by Scarpa, are placed in the in-
termaxillary suture, so that both maxillary bones contribute
to form each of them. They are smaller than the preceding
pair, from which they are separated by a very thin partition,
and the lower orifice of the posterior one is larger than that of
the anterior. It is through these median smaller canals (of
Scarpa) that the naso-palatine nerves pass,—the nerve of the
right side occupying the posterior one, and the nerve of the left
side, the anterior.®

The body of the bone is hollowed into a large cavity, antrum
Highmori, or maxillare, which in the fresh state is lined by
mucous membrane and communicates with the middle meatus of
the nose. Its orifice appears of great size in the dried bone
when detached from its connexions, but it is considerably di-
minished when the contiguous bones are in their natural posi-
tion, viz. the ethmoid, the inferior turbinate, and the palatal.

Articulations. — With the corresponding bone; with the
frontal, by its nasal process; also with the ethmoid and os
nasi; with the palate bone; with the malar, by the malar emi-
nence ; with the os unguis, the vomer, the inferior spongy bone,
and the nasal cartilage.

Attachments of muscles. — Proceeding from below upwards 5
—above the border of the alveolar arch, the buccinator, and the
depressor labii superioris aleeque nasi; to the canine fossa, the
levator anguli oris and the compressor nasi; to the margin of
the orbit, part of the levator labii superioris; to the nasal pro-
cess, the orbicularis palpebrarum, and the common elevator of
the lip and ala of the nose; and just within the orbit, the infe-
rior oblique muscle of the eye.

The ossification of the upper maxillary bone begins at a very
early period,—immediately after the lower maxilla and the clavi-
cle, and before the vertebre. The facts hitherto ascertained with
respect to its earliest condition are not adequate to determine
the number of nuclei from which this bone is formed, or the
manner of its growth. If it is produced from several centres—
and to this the balance of evidence inclines— the very early

* The median canals have not unfrequently a different disposition. Thus,
a. They may join one with the other, and open inferiorly by a single com-
mon orifice.” b. Either may be wanting. ¢, One may be found to open into
a lateral (ineisor) canal, See Scarpn, “Annotat. Anatom.” lib. ii. cap. b.
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period at which the osseous deposit begins, and the rapidity of
its progress over the bone, will account for the difficulty of
marking the phases of change.

Béclard, whose opportunities of observing the growth of this Observa-
and most other bones were considerable, states that he had found :}:;‘d‘.’f e
it to consist of four pieces, viz. 1. A palatal part, including
all the palate except the incisor portion. 2. An orbital and
malar division, comprising the parts implied by these names.

3. The nasal and facial connected, 4. The incisor piece,—
being a small part of the palate behind the incisor teeth, and
including in front the posterior margin of the alveolar border.
But this anatomist adds, that he had not had the means of de-
termining where the several pieces unite one to the other, and
he admits that further observations of the bone at very early
periods are necessary to determine the manner of its ossification.

Fig. 30.*

Taking this bone wlen a single piece, it presents two fissures,
one along the floor of the orbit (fig. 30, a'): the other (the Fissures;
incisor groove) marking off a small portion of the palate behind
the incisor teeth (B, ¢?). Now, the question arises, are these orbital and
the limits of ossification proceeding from different centres? P e
There does not appear to be evidence that the first is so, for its
presence may be owing solely to the construction of the canal
over which it is placed. But with regard to the second, there

* The superior maxillary bone at early periods :—On the outer side, A, a
fissure extends through the orbit and ends at the infra-orbital foramen. 5. is
a view of the inner side of the bone. The incisor fissure reaches upwards
through the horizontal plate and some way on the nasal process, ¢. The alve-
olar border and palate plate are displayed from below, and the incisor fissure
is seen to eross those parts. At the outer side a small portion of the orbital
fissure was noticeable in this view of the bone, and it has been represented.
1. The orbital fissure. 2. The incisor groove or fissure.

¥
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are circumstances which would incline us to expect that the por-
tion of bone it circumscribes should prove to be a distinet
growth. The circumstances alluded to are the following: 1.
The existence, in some cases of hare-lip, of a detached piece cor-
responding in its extent on the palate to the line of this fissure,
and including the entire thickness of the alveolus with the incisor
teeth. 2. The strictly defined extent of this piece: it never
reaches beyond the line of the fissure—never includes a canine
tooth. 8. Nosimilar portion is ever found detached from another
part of the upper or from the lower maxillary bone. 4. Lastly,
may be added the existence of an intermaxillary bone in animals
with which an ineisor piece in man would be analogous.

The foregoing facts render it probable that the incisor part
is formed separately from the rest of the bone. Still, seeing that,
except in cases of malformation, a distinet piece has not hitherto
been clearly observed by any anatomist, and that the trace of
separation which exists on the palate has never been found to
extend to the anterior surface of the alveolus, it cannot be con-
cluded that the part of the bone defined below by the incisor
groove is ordinarily formed from a distinet centre of ossification.
In the present state of knowledge, therefore, the existence of
an incisor bone in the human body at any period cannot be
admitted.

THE MALAR BONES,

There are two bones named malar (os male, malare, jugale,
zygomaticum). Each is common to the face and orbit, forming
the most prominent point of the side of the former, and the
greater part of the outer border of the latter. Its form is
quadrangular.

The facial or anterior surface, pierced by some foramina
(malar) for small nerves and vessels, is convex, and gives
attachment to the zygomatic muscles; — the posterior over-
lays the zygomatic fossa, and is rough at its fore part for its
articulation with the superior maxillary bone. The superior
surface, smooth, narrow, and lunated, extending into the orbit,
articulates with the frontal, sphenoid, and superior maxil-
lary bones, and contributes by a small smooth margin to bound
the spheno-maxillary fissure. It is pierced by two or three
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foramina, and gives passage to a small nerve, which passes back-
wards through it.

The superior border forms the outer margin of the orbit ; the
inferior is on a line with the zygomatic arch, which it contributes
to form, supporting the zygomatic process of the temporal bone ;
the anterior articulates with the maxillary bone; the posterior,
curved, gives attachment to the temporal aponeurosis.

The angles of the bone are readily distinguished one from
the other. They are four in number. The anterior is
slender and pointed, and rests on the superior maxillary bone.
The posterior is thin, and supports the zygomatic process of the
temporal ; the suture between the two bones is often vertical at
the lower end. The superior angle, which is very thick, sup-
ports the external angular process of the frontal bone; and the
lower one is less prominent than the others.

Avrticulations.—1It articulates with the frontal, superior maxil-
lary, temporal, and sphenoid bones.

Attachments of muscles. — The zygomatici, to its anterior
surface ; the masseter to its inferior border; to its anterior
angle, part of the levator labii superioris.

The ossification.—It extends from a single ossific point,
which appears about the time that the ossification of the ver-
tebra commences.

THE NASAL BONES.

The nasal bones (ossa nasi), situated beneath the frontal
bone, and between the ascending processes of the superior
maxillary, are small and irregularly quadrilateral, and form
what is called the *bridge™ of the nose. They are thick and
narrow in their upper part, but gradually become wider and
thinner lower down. The anterior surface of each, concave from
above downwards, convex from side to side, presents a minute
vascular foramen ; the posterior, or nasal, is marked by the
passage of a branch of the nasal nerve; the superior border
articulates with the frontal bone; the inferior with the nasal
cartilage ; the external with the ascending process of the maxil-
lary bone ; and the internal with its fellow of the opposite side,
supported by the nasal spine of the frontal bone, and the per-
pendicular plate of the ethmoid.

They give attachment to the pyramidales and compressores nasi.
F2
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Ossification.—They are developed each from a single osseous
eentre, which is discernible about the same time with those
which first appear in the vertebral column.

0SSA UNGUIS—O0SSA LACHRYMALIA.

These small bones are named *ungual™ from a resemblance,
if not in form, at least in thinness and size, to a finger-nail
(unguis) ; they are also called the ¢ lachrymal™ bones, from
their presenting each a groove, which, with a similar excavation
in the nasal process of the superior maxilla, forms the lachrymal
canal. DPlaced at tlie inner and anterior part of the orbit, the
os unguis presents two surfaces and four borders; its external
or orbital surface, plain in the greater part of its extent, is hol-
lowed anteriorly by a groove which runs from above downwards,
and contributes, as above stated, to lodge the lachrymal sac.
Part of the internal surface, which is rough, corresponds with
the anterior ethmoidal cells, the rest with the middle meatus
narium. The superior border is articulated with the orbital
process of the frontal bone ; the inferior with the superior max-
illary bone; and where it dips down, to form a part of the
lachrymal canal, it joins the inferior spongy bone ; anteriorly, it
rests on the nasal processes of the superior maxillary bone, and
posteriorly on the os planum of the ethmoid.

Ossification.—Each os unguis is developed from one osscous
centre, which is apparent shortly after the ossification of the ver-
tebrze is begun.

THE PALATE BONES.

Fig. 31.* Each palate bone, figs. 81 and 82, (os
palati,) wedged in between the superior maxil-
lary and sphenoid bones, is common to the ca-
vity of the mouth, nares, and orbit. In its
form this bone somewhat resembles that of the
letter 1., one part being horizontal, the other
vertical.

The horizontal or palate plate' of the
bone, which is nearly square, and forms the

* Fig. 31 is a view of the left palate bone, seen from behind and slightly
on the inner side. In fig. 32 the outer side of the bone is represented. 1.
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back part of the roof of the mouth and of the floor of the nares,
articulates anteriorly with the palate plate of the maxillary bone;
internally it presents a rough thick border which rises up into
a ridge,” which joins with its fellow of the opposite side, and
with it forms a groove which receives the lower border of the
vomer ; externally it unites at right angles with the vertieal
portion of the bone; posteriorly it presents a thin free border,
forming the limit of the hard palate, and giving attachment to
the velum or soft palate which projects downwards from it it
is slightly concave, and has at the inner angle a pointed process,
 (the palate spine). 'The superior surface of this plate or pro-
cess is smooth, and forms the back part of the floor of the nasal
cavity : the inferior, which forms part of the roof of the mouth,
is unequal, and marked by a transverse ridge, into which the
tendinous fibres of the circumflexus palati muscle are inserted ;
it presents also an oval foramen, being the inferior termination
of the posterior palatine canal, which transmits the large de-
scending palatine nerve and accompanying vessels ; and farther
back, another of smaller size, which transmits the middle pala-
tine nerve.

At the junction of the horizontal and vertical portions is
sitnated a thick rough tubercle® (tuberosity, pyramidal pro-
cess,) projecting downwards and backwards. This is marked
by three vertical grooves; the two lateral ones are rough, and
receive the inferior borders of the pterygoid plates of the sphe-
noid bone ; the middle one,” smooth, corresponds with and
completes the fossa between the pterygoid plates.

The vertical portion of the bone is flat and thin; it presents
two surfaces ; the internal one (nasal) is divided into two parts
by a transverse ridge (crista transversa),® which articulates with
the inferior spongy bone; the space below the ridge forms part
of the inferior meatus, that above it of the middle meatus. The
external surface, rough and unequal, fig. 32, is divided by a ver-
tical groove,” which is completed into a canal (posterior
palatine canal) by the maxillary bone. The posterior part

The palate plate. 2. A ridge or erest. 3. The spine. 4. The tuberosity,
5. Its smooth part for the pterygoid fossa. 6. Crest for the inferior turbinate
bone, 7. Groove for the posterior palatine eanal, 8. Spheno-palatine fora-
men. 9. The sphenoidal process, 10, The orbital process ; and 11, 12,
13, 14, its different surfaces,
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Fig. 32  of this surface articulates with the rough border
and nasal surface of the maxillary bone; and

the anterior, thin and scaly, with the side of the
anfrum.

Divided in- The superior border of the vertical portion of
tokwoiparts, the palate bone presents a notch,” forming the
greater part of a foramen, which is completed by
the sphenoid bone when the parts are in their
between natural position. This is called the spheno-

wh. iz the ’ : e e ;
spheno-pa- palatine foramen ; and outside it is placed the nervous ganglion

lat. foram.  of the same name (Meckel’s ganglion). This notch divides the

Processes, border of the bone into two processes or heads, the sphenoidal
and the orbital.

sphenoidal; ~ The sphenoidal process,” smaller and mnot so prominent,
presents three surfaces, of which one, internal, looks to the nasal
fossa; another, external, forms a small part of the zygomatic
fossa; and the third, superior, grooved on its upper surface,
articulates with the under surface of the sphenoid bone, and
with it forms part of the pterygo-palatine canal.

orbital. The orbital process’ inclines outwards and forwards, and
has five surfaces, two of which are free, and three articulated ;
of the latter, the internal one rests against the ethmoid bone,
and covers some of its cellules; the anterior! articulates
with the superior maxillary bone ; and the posterior'® (which
is hollow) with the sphenoid. Of the non-articular surfaces,
one superior,"® smooth and oblique, forms a small part of the
floor of the orbit; the other, external," looks into the zygo-
matic fossa.

Connexion Articulations.—With the corresponding palate bone; with
with other

e the superior maxillary, ethmoid, sphenoid, vomer, and inferior
spongy bone.

?f;cﬂf!:lhr Muscular attachments—To its spine, the azygos uvule; to

g the centre groove on its tuberosity, a small part of the internal

pterygoid ; and to the transverse ridge on the palate plate, the
aponeurosis of the circumflexus palati.

Ossification.—The palate bone is formed from a single cen-
tre, which is deposited at the angle formed between its parts.
From this the ossification spreads in different directions —

* Bee note, p. 6B,
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upwards into the vertical plate, inwards to the horizontal one,
and backwards to the pyramidal process. For a considerable
time after it has been fully ossified this bone is remarkable for
its shortness; the horizontal plate exceeds in length the ver-
tical one in the feetal skull.

THE VOMER.

The vomer (fig. 39,%), so called from its resemblance to a
ploughshare, is flat, irregularly quadrilateral, and placed verti-
cally between the nasal fossw, presenting two surfaces and four
borders. The lateral surfaces form part of the inner wall of the
nasal fosse; the superior border, thick and deeply grooved,
receives the rostrum of the sphenoid bone ; the margins of the
groove expand and are articulated with two small lamelle at the
roots of the pterygoid processes of the sphenoid bone. The
anterior border, also grooved, presents two portions, into one of
which is implanted the descending plate of the ethmoid, and
into the other the nasal cartilage. 'T'he posterior border, divid-
ing the posterior nares, is thin and unattached : the inferior is
received into the fissure formed by the palate plates of the supe-
rior maxillary and palate bones,

Ossification begins in the vomer about
the same time as in the vertebrs. In the Fig. 33.»
early periods it consists of two lamine sepa- 't
rated by a considerable interval, except at 7 leh

the lower border, where they are joined il
(fig. 33).

THE INFERIOR TURBINATE BONES.

Each inferior turbinate, or spongy bone, (so called from its
texture in the latter case, in the former from some resemblance
to the lateral half of an elongated bivalve shell,) extends from
before backwards, along the side of the nasal fossa :—it appears
as if appended to the side of the superior maxillary and palate
bones. It is slightly convoluted, and presents an external con-
cave surface, which arches over the inferior meatus, and an in-

——

® The vomer from the skull of a feetus. It consists of two plates (1, 2),
united below.
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L INFERIOR MAXILLARY BONE.

ternal convex surface, projecting into the nasal fossa (fig. 38,').
This bone has not canals or foramina for the olfactory nerve, like
the spongy bones of the ethmoid, but it is marked by two hori-
zontal, branching grooves (in part canals) for other nerves. Its
superior border articulates with the ascending process of the maxil-
lary bone before, with the palate bone behind, and in the centre

with the os unguis; it presents also a hooked process, which

curves downwards and articulates with the side of the antrum ;
the inferior border is free, slightly twisted, and dependent.

The ossification commences about the middle of fwtal life,
and from a single point.

THE INFERIOR MAXILLARY BONE.

Fig. 34.* The inferior maxilla, fig. 34,
(os maxille inferius: mandi-
bula,) of considerable size, is
the thickest and strongest bone
of the face, of which it forms
a large portion of the sides and
fore part. It is convex in its
general outline, and shaped
somewhat like a horse-shoe.
It is wusually considered as
divisible into a middle larger
portion — its body, and two branches or rami.

The body' is placed horizontally; its external surface is
convex, and marked at the middle by a vertical line® indi-
cating the original division of the bone into two lateral parts,
and thence named its symphysis. On each side of the sym-
physis, and just below the incisor teeth, is a superficial depres-
sion,® (the #ncisor fussa,) which gives origin to the levator
menti musele; and, more externally, a foramen,* ( foramen
mentale,) which transmits the terminal branches of the dental
nerve and artery. A raised line may be observed to extend

* 1. The body. 2. The symphysis. 3. The incisor fossa. 4. Foramen
mentale. 5. The external oblique line. 6. The mylo-hyoid ridge. 7. Ra-
mus of the left side. 8. Inferior dental foramen. 9. Mylo-hyoid groove.
L0, Ir['lu‘- coronoid process. 11, The peck., 12, Condyle. 13, Sigmoid
noteh,
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obliquely upwards and outwards from near the symphysis to the
anterior border of the ramus; it is named the external oblique
line,” and is intended to give attachment to muscles. The
internal surface of the body of the bone is concave in its general
outline, and marked at its centre by a depression corresponding
with the symphysis ; at each side of which are two prominent
tubercles (spine mentales), placed in pairs one above the other,
and affording attachment,—the upper pair, to the genio-hyo-
glossi, and the lower to the genio-hyoidei muscles; beneath
these are two slight depressions for the dygastric muscles. An
oblique prominent line,’ (the mylo-hyoidean ridge,) will be
observed leading from the lower margin upwards and outwards
to the ramus; above the line is a smooth depression for the
sublingual gland, and beneath it, but situated more externally,
is another for the submaxillary gland. The superior (alveolar)
border of the body is horizontal, and marked by notches corre-
sponding with the alveoli, or sockets of the teeth. The inferior
border (the base), thicker at its anterior than at its posterior
part, is slightly everted in front, so as to project somewhat for-
wards, constituting the chin (mentum, yéverov). The vertical
direction of the bone below the incisor teeth, and the projec-
tion of the lower border forward in front, are peculiar to man.
In other animals the maxillary bone at its anterior part retires
or inclines backwards more or less below the alveolar border,
leaving this the most prominent point.

The branches,” (rami,) project upwards from the posterior
extremity of the body of the bone, with which they form nearly
a right angle in the adult, an obtuse one in infancy,—the
“angle” of the jaw. They are thinner somewhat, and appear
as if compressed. The external surface of each ramus is flat,
and marked by slight inequalities ; the internal surface presents
at its middle a foramen,” (inferior dental,) leading into a
canal (dental) contained within the bone, and lodging the dental
nerve and vessels, Beneath the foramen a slight groove,’
(occasionally and for a short space, a canal,) marks the passage
of the mylo-hyoid nerve with an accompanying artery and vein ;
the rest of the surface being rough, for the insertion of the
pterygoideus internus. The anterior border of each ramus is
nearly vertical in its direction, and terminates in a pointed ex-
tremity, named the coronoid process ;' it is grooved at its
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T4  INFERIOR MAXILLARY BONE—ITS OSSIFICATION.

commencement, for the attachment of the buccinator muscle.
The posterior border is also almost vertical in adults; but in
children and edentulous subjects it departs considerably from
this direction, and approaches that of the base of the bone.
This border is surmounted by a constricted part,’* which ap-
pears as if compressed from before backwards, and is called the
neck of the bone. It is slightly depressed at its fore part, and
gives insertion to the external pterygoid muscle. Now the
neck supports the articular head of the bone,” (the condyle,)
which is convex and oblong, its greatest diameter being from
without, inwards ; the direction of its axis is oblique, so that, if
prolonged, it would meet with that of its fellow of the opposite
side at the anterior margin of the foramen magnum. 'The inter-
val between the condyle and the coronoid process, deeply exca-
vated, is called the sigmoid notch (incisura sigmoidea),’® and if
viewed when the bones are in situ, it will be found to form a
complete circle with the arch of the zygoma.

Attachments of muscles—To the incisor fossa, the levator
menti; to the external oblique line, the depressor labii inferioris,
depressor anguli oris, and a small part of the platysma myoides,
To the upper tubercles on the inner surface of the symphysis,
the genio-hyo-glossi; to the inferior ones, the genio-hyoidei;
to the depression beneath these, the digastricus; to the internal

oblique line, the mylo-hyoideus, the buccinator, and posteriorly

a small part of the superior constrictor of the pharynx. To the
external surface of the ramus, the masseter; to the lower part
of the inner surface, the pterygoideus internus; to the neck of
the condyle, the pterygoideus externus; to the coronoid pro-
cess, the temporal.

Ossification. — The ear-
liest conditions of this bone
have not hitherto been de-
termined in a satisfactory
manner, as has been stated
of the superior maxilla, and
for the same reasons, namely,
the earliness of the period

Fig. 35.°

* The inferior maxilla of a fretus at about the full period of intra-uterine
life. The two sides are separate.

EE———
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at which the ossification begins, and the rapidity of its pro-
gI'EES.
The inferior maxilla begins to ossify before any other bone, The bone

-except the clavicle. It consists of two equal lateral parts, iﬂsmf;
(fig. 35, * *) which are separate at the time of birth. They

Join in the first year after, but a trace of separation may be their junc-
found at the upper part in the beginning of the second year. U™

Some observers admit no other than a single ossific centre for Differences

each side,—two for the entire bone ;®* while others describe :il::tﬁr‘:;‘:;'gm
more, without, however, agreeing as to the number. Thus,— the number
besides one large piece for the body,—the coronoid process, the °f"u<le:
condyle, the angle, and the thin plate forming the inner side of

the alveolus, and reaching from the dental foramen onwards,

have been stated to possess each a distinet ossific point.+ The

question of the number of nuclei from which each side of the

bone is produced we must consider to be still undetermined,
especially since those anatomists who have described a plurality

of them do not agree in their statements. It should, however, at

the same time, be added, that the observations which have been

referred to render it more than probable that there are commonly

several nuclei ; and the probability is increased by a considera-

§ *® ¢. g. Nesbitt, Leet, ii. p. 96; and J. F. Meckel, Op. citat. B. ii.
615.
t Kerckringius describes the coronoid process as a separate piece, (Cap.
ix. p. 234,) and gives a representation of it connected by a suture to the rest
of S‘IE bone (Tab. 33, fig. 6). Autenrieth (Wiedemann's © Archiv.” &e.
B. 1,) confirms the observations of Kerckringius, and mentions two other
parts as growing 50|1uram]§r : viz. the condyle and the angle. (Not havin
aceess to the original Essay, I have borrowed this statement from Spix an
Meckel.) Spix (“Cephalogenesis,” seet. i. p. 20, and tab. 3, fig. 5*) states,
that he had observed the pieces deseribed ij.r Autenrieth, and he adds an-
other from his own observation,—namely, the inner margin of the alveolus;
of this a representation is contained in the figure referred to. Béelard
found the coronoid proecess distinct ; and in the same preparation the con-
dyle, the angle, and the inner margin of the alveolus were in such a state
{HIE two first being joined by a very thin layer of bone, and the last sepa-
rated largely by a fissure) that he inclined to regard them likewise as sepa-
rate formations, M. Cruveilhier (“Anat. Deseript,” t. i.) admits the exist-
ence of but a single secondary piece,—the alveolar plate (of Spix). But
Meckel says of tﬁiﬂ part, that it is only an extension backwards of the
general ossification of the bone; and the appearance of separation he at-
tributes to the depth of the groove of the mylo-hyoid nerve, which (accord-
ing to this anatomist) is rather a fissure than a groove, in consequence of the
comparatively large size of the nerve at an early period of life,

From this diversity, and even conflict of statement, it is manifest that the
subject requires further investigation.
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tion of the state of the same bone in some animals, as the cro-
codile, in which it is made up of several permanently separate
pieces.

The body of the bone undergoes much change as its growth
advances ; but as the changes are connected with the evolution of
the teeth, the detail of them will more fitly accompany the de-
scription of those parts. In this place it will be sufficient to say
of the dried bone, that being at first little more than a groove
or case lodging the dental sacs with the nerves and blood-vessels,
it is afterwards divided by partitions; and that osseous matter
having been largely added, we find it in the adult covered with
a thick coating of compact substance, with cancellated structure
in the interior ; and in this the dental canal, from which small
off-sets lead to the sockets of the teeth.

In old age the alveolar border disappears with the teeth :
and the dental canal, with the mental foramen opening from it,
is close to the upper margin of the bone. At the same
time the prominence of the chin becomes more marked in con-
sequence of the removal of the teeth and the upper part of
the bone.

The differences in the relative direction of the rami and the
body have already been noticed.

05 HYOIDES.—05 LINGU.E.

Fig. 36. This is the v-shaped bone, fig. 36, so
named from some resemblance to the Greek
letter v. It is oceasionally called the lingual

L
L&i‘, bone, from its important relations with the
T

tongue; it is situated at the base of the
tongue, and may be felt between the chin
and the thyroid cartilage. It consists of a
body, two cornua, and two cornicula.

The body or central piece' is small, quadrilateral in its form,
and appearing as if compressed from before backwards; hence the
direction of its plane is nearly vertical ; but the great cornua
seem as if compressed from above downwards, so that their plane
appears horizontal. The anterior surface of the body is convex,
and marked at the middle by a vertical line, on each side of

b
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which are depressions for the attachment of muscles ; its posterior
surface is concave, and corresponds with the epiglottis.

The cornua® project backwards, and end in a rounded point.
The cornicula,® short, irregularly conical in their form, and
oblique in their direction, are placed at the junction of the body
with the cornua, and give attachment to the stylo-hyoid ligament ;
they continue for a long time movable, as the cartilage which
connects them remains unossified to an advanced period of life.

Attachments of muscles and ligaments.—The stylo-hyoid
ligaments, to the cornicula; the thyro-hyoid, to the cornua.
The anterior surface gives attachment to the stylo-hyoid, sterno-
hyoid, and digastric muscles ; the superior border, to the mylo-
hyoid, genio-hyoid, genio-hyo-glossus, lingualis, hyo-glossus,
and the middle constrictor of the pharynx ; its lower border, to
the omo-hyoid and thyro-hyoid muscles, and more internally to
the thyro-hyoid membrane.

Ossification. —There are five points of ossification for the
0s hyoides—one for each of its parts. Nuclei appear in the
body ‘and the great cornua towards the close of fostal life.
Those which belong to the small cornua make their appearance
some time after birth.

THE CONNEXION OF THE BONES OF THE SKULL
ONE WITH ANOTHER.

THE SUTURES.

The bones of the skull, and those of the face, are joined to-
gether by seams or sutures, - The cranial sutures are commonly
said to be five in number, of which three are termed true, as
the margins of the bones are, in a manner, dovetailed one into
another; and two are called false or squamous, as they merely
overlap one another, like the scales of fishes, The true sutures
are, the coronal, the lambdoidal, and the sagittal. These names
are obviously ill-chosen ; they convey no notion of the position
which the sutures occupy in the skull, or of the bones which
they connect.

The coronal suture (sutura coronalis) has been so named from
being situated where the ancients wore their garlands (coronze).
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8 THE SUTURES OF THE CRANIUM.

It connects the frontal with the two parietal bones, and hence it
may with more propriety be called ¢ fronto-parietal.” It com-
mences at each side about an inch behind the external orbital
process of the frontal bone, where the anterior inferior angle of
the parietal articulates with the great wing of the sphenoid
bone. From this point it mounts rather obliquely up towards
the vertex, having an inclination backwards. The dentations
are better marked at the sides than at the summit of the head,
for in the latter situation the suture approaches somewhat the
squamous character, to allow the frontal bone to overlay the
parietal. A similar change takes place at its lower part or com-
mencement, with this difference, that there the parietal bones
are made to overlay the frontal.

The lambdoid suture (suture lambdoidalis) is situated be-
tween the occipital and the parictal bones, its form resembling
somewhat that of the Greek letter A, whence its name has been
taken. It begins at each side on a line with the posterior infe-
rior angle of the parietal bone, and thence inclines upwards and
forwards to the point at which the two parietal bones are joined
by the sagittal suture. It thus represents two sides of a triangle.
It is often interrupted by accessory osseous deposits (ossa Wor-
miana). From its position and relation this suture may be
named * oceipito-parietal.”

The sagittal suture (s. sagittalis—sagitta, an arrow) extends
directly backwards, from the middle of the coronal to that of the
lambdoid suture, and connects the two parietal bones, from
which circumstance it may be called the ¢ inter-parietal” suture :
in children, and occasionally in adults, it is prolonged through
the frontal bone, even to the root of the nose. The serrated
appearance of the sutures is perceptible only on the external
surface of the bones; the internal surface, or table of each, as it
is called, being merely in apposition with the contiguous bone.

The line of union between the occipital and the temporal
bone at each side used to be considered as a continuation of the
lambdoid suture, or as an appendix to it, and was accordingly
named additamentum suture lambdoidalis. It may, however,
be named temporo-occipital, as it connects the mastoid and pe-
trous parts of the temporal bone with the occi pital—principally
its basilar and condyloid portions. In this suture there are no

PRSI LSk




THE SUTURES OF THE FACE. 79

regular dentations; in a great part of its extent the margins of
the bones are merely in apposition.

The squamous sutures (suture squamose) are arched and
mark the junction of the lower borders of the parietal bones
with the squamous parts of the temporal, their edges being so
beveled off as to allow the latter to overlay the former. At the
point of junction between the squamous and mastoid parts of
the temporal bone, the true squamous suture ceases ; but from
thence a short suture runs backwards to the lambdoid, connect-
ing the mastoid part of the temporal with the postero-inferior
angle of the parietal. This is termed additamentum suturea
squamose :—both together form the ¢ temporo-parietal™ suture.

The line of direction of the sutures (particularly the lamb-
doid and sagittal) is not unfrequently interrupted by additional
bones, inserted between those hitherto enumerated. These,
from being sometimes of a triangular form, are called ossa tri-
quetra, and also ossa Wormiana.

The cranial bones are joined to those of the face by sutures,
which are common to both sets of bones. The transverse
suture, observable at the root of the nose, extends across the
orbits, and connects the frontal with the nasal, superior maxil-
lary, ossa unguis, ethmoid, sphenoid, and malar bones. The
Zygomalic sutures are very short; they are directed obliquely
downwards and backwards, and join the zygomatic processes of
the temporal with the malar bones. The ethmoid suture sur-
rounds the bone of the same name; so does the sphenoid ;
they are necessarily complex in consequence of the many rela-
tions of these bones. The lines of connexion between the
nasal and maxillary bones, though sufficiently marked, have not
received particular names; but those observable between the
horizontal lamella of the latter, and those of the palate bones,
may be termed the palato-maxillary sutures.

THE GENERAL CONFORMATION OF THE SKULL.

After having deseribed, in detail, the separate bones of the
head and face, it becomes necessary to review them collectively
The description of these bones forms the most difficult part
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human, as well as of comparative osteology, as they are the most
complex in the whole skeleton; but a correct knowledge of
them is indispensable, in consequence of the many important
parts which they serve to sustain and enclose ; viz. the cerebral
mass, with its nerves and vessels; the organs of sight, hearing,
smell, and taste ; and part of those of mastication, of deglutition,
and of the voice. To facilitate the description of the nume-
rous eminences, depressions, cavities, and foramina of the skull,
anatomists examine successively its external and internal surfaces.

THE EXTERNAL SURFACE OF THE SHULL.

This surface may be considered as divisible into five regions,
three being somewhat of an oval figure, and situated, one supe-
riorly, another at the base, the third in front, including the
face ; the others comprise the lateral parts, and are somewhat
flat and triangular.

. The superior region extends from the frontal eminences
to the occipital protuberance, and, transversely, from one tem-
poral ridge to the other; it thus includes the upper broad part
of the frontal, almost all the parietal, and the superior third of
the occipital bone, which together form the vaulted arch of the
gkull. Tt is divided into two symmetrical parts by the sagittal
suture and its continuation when it exists; it presents no aper-
ture or other inequality deserving of particular notice; it is
covered by the common integument and occipito-frontalis mus-
cle, on which ramify branches of the temporal, occipital, and au-
ricular arteries, as well as filaments of nerves from the frontal
branches of the fifth and portio dura, and also from the occi-
pital nerve.

p. The inferior region, fig. 37, also oval in its outline, is
the most complex of all, as it includes the entire base of the
skull, extending from the incisor teeth to the occipital protu-
berance, and transversely, from the mastoid process and dental
arch on one side, to the corresponding points on the other.
It may be considered as divisible into three parts—anterior,
middle, and posterior.

1. The anterior part of the base corresponds with the ex-
tent of the arch of the palates it is divided into two parts by a
line," extending from before backwards, and marking the junc-
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tion of the palate processes of the superior maxillary and palate
bones ; this is intersected by
another,® running transversely
between each palate bone and
the corresponding maxillary
bone. Anteriorly, and in the
middle line, is a foramen,® (the
anterior palatine,) which com-
municates with the nasal fossee
by four foramina or short ca-
nals (for a description of these
see page 63).  Posteriorly,
on each side, and at the base
of the alveolar border, is an-
other foramen,* (posterior pa-
latine,) for the posterior pala-
tine nerves and artery.

2. The middle, or guttural part, is bounded at each side by a Middle or
line extended from the pterygoid process,” as far as the mastoid ﬂl:;‘:‘;‘l
process,” thus including the posterior aperture of the nares, and bounds,
the central part of the base of the skull. In the centre is situ-
ated the basilar process” of the occipital bone, marked by slight
inequalities, for the attachment of muscles, and towards its pos-
terior extremity the anterior condyloid foramina, which transmit foramina,
the ninth pair of nerves. On each side is the pars petrosa® of &
the temporal bone, in which may be observed the styloid and
vaginal processes ; more posteriorly is the jugular fossa, which
is completed into a foramen? ( foramen lacerum posterius basis
eranit) by the border of the occipital bone. This is divided
into two parts by a spiculum of bone, or a fibrous band, the in-
ternal and anterior one serving to transmit the glosso-pharyngeal,
par vagum, and spinal accessory nerves ; the other the jugular
vein. Between the apex of the pars petrosa and the side of the

Fig. a7.*

The ante-
rior part or
palate.

*® 1. The longitudinal palatal suture. 2. The transverse palatal suture.
3. The anterior palatine foramen. 4. The lower opening of the posterior
palatine eanal. 5. The external pterygoid process. 6. The mastoid pro-
cess, 7. The basilar process. 8. Petrous part of the temporal bone. 9.
Foramen lacerum posticum. 10. Foramen lacerum mmll'mm: vel £ 1.
anterius basis eranii. 11. Foramen ovale. 12, Spinous foramen. 13. Ca-
rotid foramen. 14. Septum narium—the vomer. 15. The condvles of the
occipital bone. 16, The condyloid fossa. 17. The stylo-mastoid foramen.
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basilar process, and the body of the sphenoid bone, is the fora-
men lacerum anierius basis cranit,’® which is closed inferiorly
by a thin plate of cartilage : across its area, as viewed at its
upper or cerebral aspect, runs the internal carotid artery in its
passage from the carotid canal in the temporal bone to the side
of the sphenoid, and also the Vidian nerve, after it has passed
backwards through the pterygoid foramen, and is proceeding to
reach the groove in the upper surface of the pars petrosa. Be-
tween the contiguous margins of the pars petrosa and the great
ala of the sphenoid bone is a groove, which leads backwards and
outwards, and lodges the cartilaginous part of the Eustachian
tube ; and above the osseous part of that tube, and separated
from it by a thin lamella of bone, is the orifice of the canal
which transmits the tensor tympani muscle. The foramina of
this region, taken in their order from within outwards and back-
wards, are, the foramen ovale,"* foramen spinosum,' foramen
caroticum,’® and foramen stylo-mastoideum.'

In front, this part of the base of the skull is continuous with
the posterior aperture of the nares, which is divided into two
parts by the vomer.'* It is bounded above by the body of the
sphenoid bone, below by the palate plates of the ossa palati, and
on the sides by the pterygoid processes. FEach opening mea-
sures about an inch in the vertical direction, and half that ex-
tent transversely. The pterygoid groove, in each of these pro-
cesses, is completed inferiorly by the pyramidal process of the
palate bone ; near its junction with the body of the bone is the
scaphoid fossa, for the origin of the circumflexus palati ; and at
its inferior termination is the hamular process, round which the
tendon of that muscle is reflected. Between the base of this
process and the posterior palatine foramen is situated a smaller
foramen, leading down from the posterior palatine canal, and
which transmits the middle palatine nerve.

8. The posterior part of the inferior region includes all that
is situated between the occipital protuberance and a line con-
necting the mastoid processes. It is divided into two lateral
parts by a ridge, extending to the foramen magnum from the
oceipital protuberance, from which two rough curved lines branch
outwards, giving attachment to muscles; so does the space be-
tween the lines, and that between the inferior one and the fora-
men magnum. At the margin of the foramen, but nearer to
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its anterior part, are the condyles'® of the occipital bone,
which articulate with the first vertebra; behind each is a de-
pression,'® (condyloid fossa,) and usually a foramen ( posterior
condyloid foramen), which transmits a small vein and artery.
Before and a little to the outer side of each, in a spot also re-
tiring and depressed, is the opening of the anterior condyloid
foramen, which looks obliquely outwards and forwards, and
transmits the hypoglossal nerve.

c. The anterior region of the skull is of an oval form, and
extends from the frontal eminences to the chin, and from the
external border of the orbit and ramus of the jaw, on one side, to
the corresponding points on the other, so as to include the whole
of the face. The eminences, depressions, foss®, and foramina
observable in this region are as follow : viz. the frontal eminences,
more or less prominent in different individuals, bounded infe-
riorly by two slight depressions, which separate them from the
superciliary ridges ; these curve outwards, from the nasal pro-
cess of the frontal bone. Beneath the superciliary ridge, on
each side, is the margin of the orbit, marked at its inner third
by a groove, or a foramen, which transmits the frontal nerve and
supra-orbital artery; and also by a slight depression which gives
attachment to the cartilaginous pulley of the trochlearis muscle.
At an interval corresponding with the breadth of the orbit is
another ridge, forming its inferior margin ; under which is situ-
ated the infra-orbital foramen, for the passage of the superior
maxillary nerve ; and still lower down, the fossa canina, which
gives attachment to the levator anguli oris musele ; it is bound-
ed below by the alveolar border of the upper jaw, and sur-
mounted by the malar tuberosity. Towards the middle line,
and corresponding with the interval between the orbits, is the
nasal eminence of the frontal bone, which is prominent in pro-
portion to the developement of the frontal sinuses over which it
is situated. T'his is bounded by the transverse suture, marking
the root of the nose. Beneath the nasal, and between the con-
tiguous borders of the superior maxillary bones, is a triangular
opening which leads into the nasal fossa; it is broad below, and
there its edge is surmounted by a prominent process, the nasal
spine. Laterally it presents two sharp curved borders, which
gradually incline inwards as they ascend to the nasal bones, so as

to narrow it somewhat. Below the nasal aperture 18 a slight
G2
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depression (myrtiform fossa), at each side of the middle line
over the alveolus of the second incisor tooth. Farther down is
the transverse rima of the mouth, between the alveolar borders
of the jaws. In the inferior maxillary bone, besides some mus-
cular impressions, is the mental foramen, which transmits the
terminal branches of the dental nerve and artery.

p. and E. The two lateral regions of the skull are somewhat
of a triangular figure, the apex of the triangle being at the angle
of the lower jaw, the base at the temporal ridge, and the sides
formed by two lines drawn, one upwards and forwards, over the
external orbital process, the other upwards and backwards, over
the mastoid process. In consequence of the great irregularity
of the surface, it is necessary to subdivide each of these regions
into three; the part above the zygoma being called the temporal
region or fossa, that beneath it the zygomatic, the remainder
being named the mastoid.

1. The temporal part, or fossa, being bounded by the tem-
poral ridge above, and by the zygomatic arch below, is of a
semicircular form, and extends from the external angular process
of the frontal bone to the base of the mastoid process. It is
filled up by the temporal muscle, lodges the deep temporal ves-
sels and nerves, and is formed b y the temporal, parietal, frontal,
sphenoid, and malar bones.

R. The mastoid part is bounded before by the transverse root
of the zygoma, above by the horizontal one and the additamen-
tum suture squamose, behind and inferiorly by the additamen-
tum suture lambdoidalis. Proceeding from behind forwards,
we observe the mastoid foramen, the process of the same name:
anterior to which is the aperture of the meatus auditorius exter-
nus, which is circular in young subjects, and somewhat oval in
adults, the longest diameter being from above downwards.
The osseous tube, continuous, externally, with the fibro-carti-
lage of the ear, and bounded, internally, by the membrana
tympani, is directed, obliquely, forwards and inwards, and is
somewhat broader at its extremities than in the middle. Ante-
rior to the meatus is the glenoid fossa, which is bounded before
by the transverse root of the zygoma, behind by the meatus, and
internally by the spinous process of the sphenoid bone. It is
divided into two parts by a transverse fissure ( fissura Glaseri),
the anterior portion being smooth, for its articulation with the
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condyle of the lower jaw; the posterior, rough, lodges part of
the parotid gland. This fissure gives entrance to the laxator
tympani muscle and a small artery, and transmits outwards the
chorda tympani nerve.

8. The zygomatic part of the lateral region, situated deeply
behind and beneath the orbit, is bounded before by the convex
part of the superior maxillary bone, and is enclosed between
the zygoma and the pterygoid process. The posterior surface
of the maxillary bone is pierced by some small foramina, open-
ing into canals, for the transmission of the superior dental
nerves. Between the superior border of this bone and the great
ala of the sphenoid, is a fissure (spheno-maxillary), which is
directed forwards and outwards, and communicates with the
orbit ; and between its posterior border and the pterygoid pro-
cess is another ( pterygo-maxillary), whose direction is vertical.
The angle formed by the union of these fissures constitutes the
spheno-maxtlfary fossa, which is situated before the base of the
pterygoid process, behind the summit or posterior termination
of the orbit, and immediately external to the nasal fosse, from
which it is separated by the perpendicular plate of the palate
bone. Into this narrow spot five foramina open, viz. the fora-
men rotundum, which gives passage to the second branch of the
fifth pair; the foramen pterygoideum, to the Vidian or ptery-
goid nerve and artery ; the pterygo-palatine to a small artery of
the same name (sometimes called also the superior pharyngeal);
the posterior palatine foramen, leading to the canal of the same
name ; and the spheno-palatine, which transmits the spheno-
palatine nerve and artery.

THE INTERNAL SURFACE OF THE SKULL.

The internal surface of the skull may be divided into its arch
and its base.

The arch extends from the base of the perpendicular part of
the frontal bone, as far as the transverse ridge on the inner sur-
face of the occipital bone. Along the middle line, and corre-
sponding with the direction of the sagittal suture, is a shallow
groove, marking the course of the superior longitudinal sinus.
Several slight, irregular depressions may also be observed, for
the cercbral convolutions, and some tortuous lines for the
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branches of the meningeal artery; and in many cases irregular
depressions over the points occupied by glandule Pacchioni.
The surface is more or less depressed so as to form fossz at the
points corresponding with the frontal and parietal eminences,
and also above the internal occipital ridge, where the posterior
lobes of the brain are lodged.

The base of the skull presents on the inner surface the seve-
ral eminences, depressions, and foramina, which have been al-
ready enumerated in the description of the separate bones.
Three fossee may be observed at each side, differing in size and
depth.

1. The anterior fossa, formed by the orbital plate of the
frontal bone and the smaller wing of the sphenoid, and the crib-
riform plate of the ethmoid, serves to support the anterior lobe
of the brain : it is marked by eminences and depressions corre-
sponding with the cerebral convolutions and sulei; and, poste-
riorly, by a transverse line, indicating the junction of the bones
just mentioned. The foramina in the anterior fossa are those in
the ethmoid bone for the transmission of nerves and an artery to
the nasal foss@: viz. the olfactory nerve, the internal nasal
branch of the fifth cerebral nerve, and the ethmoidal branch
of the ophthalmic artery.

2. The middle fossa, formed by the great ala of the sphenoid,
the squamous part of the temporal, and the anterior surface of
the pars petrosa, lodges the middle lobe of the brain. It is
marked by linear impressions for the meningeal artery, and by
shallow pits for the cerebral convolutions; anteriorly, it opens
into the orbit by the sphenoidal fissure, sometimes called fora-
men lacerum anterius to distinguish it from those placed farther
back, and already noticed ; it transmits the third, the fourth,
and the sixth nerves, together with the ophthalmic branch of
the fifth and the ophthalmic vein. Behind this is situated the
foramen rotundum for the second branch of the fifth, the fora-
men ovale for the third, and, lastly, the foramen spinosum for
the middle meningeal artery. Where the summit of the pars
petrosa approaches the body of the sphenoid bone, there the
internal orifice of the carotid canal opens. On the anterior sur-
face of the pars petrosa, and directed obliquely backwards, there
is a slight groove, leading to the hiatus Fallopii, and transmit-
ting the Vidian nerve.
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3. The posterior fossa, deeper and broader than the otlers,
gives lodgment to the lateral lobes of the cerebellum. In the
posterior surface of the pars petrosa, which forms the anterior
limit of this fossa, may be observed the internal auditory fora-
men, and, within a few lines of it, a triangular fissure, which
opens into the aqueaductus vestibuli, and towards its inferior
margin part of the groove for the lateral sinus, which leads down
to the foramen lacerum posterius. Along the middle line, and
taking the parts situated in the base of the skull from before
backwards, we observe the erista galli of the ethmoid bone, and
on each side the eribriform lamella of that bone; farther back, a
slightly depressed surface, which supports the commissure of the
optic nerves; and on each side the optic foramina. Behind this
is the pituitary fossa, situated on the body of the sphenoid
bone, bounded before and behind by the clinoid processes.
Leading downwards and backwards from these is the basilar
groove, which supports the pons Varolii and medulla oblongata,
and terminates at the foramen magnum ; at each side of this
foramen are the condyloid foramina, and behind it a crista, lead-
img upwards to the occipital ridge, and giving attachment to the
falx cerebelli.

THE ORBITS.

The form of the orbits is that of a quadrilateral pyramid,
whose base is directed forwards and outwards, and apex back-
wards and inwards, so that if their axes were prolonged back-
wards they would decussate on the body of the sphenoid bone.

The roof of each orbit forms part of the floor for the brain ;
it is concave, and composed of the orbital process of the frontal,
and the smaller wing of the sphenoid bone : at its anterior and
inner border may be observed a depression for the attachment
of the pulley of the trochlearis muscle; externally, and imme-
diately within the margin of the orbit, a shallow depression for
the lachrymal gland; at the anterior border, a groove, sometimes
a foramen, which transmits the supra-orbital or frontal nerve and
artery ; and posteriorly, at the apex of the cavity, the optic
foramen, transmitting the optic nerve and ophthalmic artery. The
Sloor forms the roof of the maxillary sinus: it consists of the
orbital processes of the malar and maxillary bones, and of the
small portion of the palate bone which rests on the latter: to-
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wards the inner and anterior border, near the lachrymal canal,
may be observed a slight roughness, for the attachment of the
obliquus inferior muscle ; posteriorly, a groove, terminating in

_the infra-orbital canal, which runs nearly horizontally forwards.

The inner side or wall of the orbit runs directly backwards,
being parallel with the corresponding side of the other orbit,
and is composed of the ascending process of the maxillary bone,
the os unguis, the os planum of the ethmoid, and part of the
body of the sphenoid bone. Near the anterior border is situ-
ated the lachrymal canal, which is formed, for the most part,
between the ascending process and body of the maxillary bone,
the remainder being made up by the groove in the os unguis,
and a small process of the inferior spongy bone; this canal, a
little expanded at its extremities, is directed downwards, back-
wards, and a little outwards. 'T'he outer side of the orbit, com-
posed of the orbital plates of the malar and sphenoid bones,
presents some minute foramina, which transmit small nerves
from the orbit to the temporal fossa.

The superior internal angle, formed by the junction of the
orbital process of the frontal bone with the os unguis and os
planum, presents two foramina ( foramen orbitale internum,
anterius el posterius), which give transmission, the anterior to
the nasal twig of the ophthalmic nerve, the posterior to the
ethmoidal artery. The internal inferior angle is rounded off
so as to be scarcely recognised ; it is formed by the union of the
os unguis and os planum with the orbital plates of the superior
maxillary and palate bones. In the external superior angle,
formed by the malar, frontal, and sphenoid bones, is observed
the sphenoidal fissure, of a triangular form, situated obliquely,
its base being internal and inferior, the apex external and supe-
rior. In the inferior external angle, formed by the malar, the
great ala of the sphenoid, the maxillary, and palate bones, is
situated the spheno-maxillary fissure, inclined at an angle with
the former, and communicating with it, but of a different form,
being broad at its extremities and narrow at the centre.

The anterior extremity, or base of the orbit, is directed
outwards and forwards; and, as if to provide for a free range
of lateral vision, the external wall retreats in some degree, and
does not extend as far forward as the internal. The inner ter-
mination of the cavity, representing the summit of a pyramid,
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to which it has been likened, corresponds with the optic fora-
men. In each orbit, parts of seven bones are observed,. viz. the
frontal, ethmoid, sphenoid, os unguis, malar, maxillary, and
palate bones ; but as three of these, viz. the ethmoid, sphenoid,
and frontal, are common to both, there are only eleven bones
for the two orbits.

THE NASAL FOS5E,

These fosse, fig. 88, are two cavities, placed one at each side
of the median line, separated by a flat vertical septum. They
communicate, by foramina, with the various sinuses lodged in
the frontal, the ethmoid, and superior maxillary bones, and
open anteriorly, on the surface, by the nares, and posteriorly
into the pharynx.

The depth of the fossa from the upper to the lower part is con-
siderable (most so in its middle) ; so is the extent from before
backwards or between the anterior and the posterior openings.
But the breadth, or dis-
tance, from the outer to the Fig. 38.%
inner wall is very limited,
and it is less at the upper
than towards the lower part
of the fossa, and in the
middle than at the ante-
rior or posterior openings
(the nares). The roof,
the floor, the inner and
the outer walls of these
cavities require a separate
consideration.

The anterior and posterior openings of the nasal fossee have

* A vertical section of the skull, made from before backwards, a little to
the right of the middle line. The outer houndary of the right nasal fossa is
displayed :—1. is said to be on the nasal bone. 2. The crista galli—its base
where it is joined to the eribriform plate of the ethmoid bone. 3. The hard
{mlnln. 4. is cloge to the anterior palatine canal. 5. The superior spongy
one {]mrt of the Ethllmirl:l. H. 18 58a1d to |r|::i1:||'_ to the s:n]“u-i“r meatus : but
it ig helow that groove. 7. The middle spongy bone (part of the ethmoid).
8. is a little below the middle meatus. 9. This points to the inferior
mentus. 10, The inferior spongy bone. 11. Frontal sinus, 12, Sphenoi-
dal sinus.
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been described among the objects seen on the external surface
of the skull (pp. 82, 83).
The roof ; The roof is flat at its middle part, and sloped before and
:tlz.;i ang  behind ; it is formed in front by the inner surface of the nasal
formation.  hones," behind by the body of the sphenoid,' and in the middle
by the horizontal or eribriform lamella of the ethmoid bone.*
;lt::!i i':fi:‘h;m The floor, smooth, concave from side to side, and formed by
and forma.  the palate plates of the maxillary and palate bones,® extends
tion. backwards, and a little downwards, from the nares to the
pharynx. Towards the anterior opening may be observed the

superior orifice of the anterior palatine canal.*

lnﬁmul The internal wall, or septum narium, (fig. 39,) which extends

wall or sep-

i ity : from the roof to the floor
Fig. 39.* of the cavity, is flat, nearly

vertical (the deviation, if
any, being usually to the
left side), and composed of
- the perpendicular plate of
' the ethmoid bone,? the vo-
mer,® and the nasal carti-
lage.
The external wall (fig.
38) is formed by the eth-
moid superior maxillary,
os unguis, inferior spongy,
and palate bones. The posterior and inferior parts of this sur-
face are marked by a number of inequalities, whilst the superior
and anterior are comparatively even. In the latter situation
may be observed, first, the smooth surface just mentioned ; and,
secondly, passing downwards and backwards, three, and fre-

External
wall.

* The section of the skull in this ease has been made a little to the left
of the middle line. The left side of the septum narium (its bony part) is
displayed ; and beyond it a part of the external wall of the right nasal fossa
is shown. The latter is dark, and the figure 8 indicates a portion of the
spongy bones which belong toit. 1. A frontal sinus. 2, and 3, are the bones
of the septum narium—2 being the middle plate of the ethmoid bone, 3 the
vomer. 4, 5. Between these is the hard palate. One is in front of the su-
perior maxillary bone : the other points to the palate bone, Towards the
anterior part is seen the anterior palatine canal, or rather about half of it.
6. The pterygoid processes. 7. The right condyle of the oceipital bone.
9. is opposite the right half of the foramen magnum.—N.B. Large sphe-
noidal sinuses are marked above and behind the base of the vomer.
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quently four, arched and convoluted bones (spongy bones),
beneath which are grooves (meatus) leading from before back-
wards. The superior spongy bone® is much shorter than the
others ; beneath it is the superior meatus,® into which will be
found opening, anteriorly, a foramen from the posterior eth-
moidal cells, and, posteriorly, the spheno-palatine foramen.
The middle spongy bone” overhangs the middle meatus,” which
communicates with the anterior ethmoidal cells; one of these
curves forwards and upwards, and is continuous with the frontal
sinus; more posteriorly is situated the opening of the maxil-
lary sinus. ‘The inferior meatus,” situated below the inferior
spongy bone,'* between it and the floor of the nasal cavity, is
necessarily longer than the others; it presents anteriorly the
orifice of the nasal canal,

THE

The frontal sinuses, fig. 38," correspond with the super-
ciliary eminences of the frontal bone. Of considerable size in
the adult, but varying in different individuals, they are not at
all developed in the fetus. They are divided into two, some-
times three, compartments. They open downwards into the
middle meatus narium through the anterior ethmoidal cells.

The sphenoidal sinuses, fig. 38,' and fig. 39, two in number,
are placed within the body of the sphenoid bone; these also
cannot be said to exist in infancy. They are separated by a
partition. Above, behind, and on each side, they are bounded
by the body of the sphenoid bone, and in front by two small
spongy bones. They communicate with the posterior ethmoidal
sinuses. '

The maxillary sinus (antrum Highmori) is a large excava-
tion in the body of the superior maxillary bone. It appears at
an earlier period than any of the other sinuses, the develope-
ment commencing about the fourth month of fetal life. Its
form is irregularly pyramidal, the base being towards the nasal
cavity, the apex corresponding with the malar tuberosity.
Superiorly, it is enclosed by the orbital plate of the maxillary
bone ; and inferiorly by its palate plate: internally, it opens
into the middle meatus of the nasal cavity by a foramen, which,
though it appears very large in the dry bone when separated
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from its connexions, is in the natural state small, being little
more than sufficient for the admission of a probe; this diminu-
tion of size is caused by the lower edge of the ethmoid, the in-
ferior spongy and the palate bones, and also by a fold of the
mucous membrane. The narrow opening is placed close to
the upper wall of the cavity. The bony plate by which the
antrum is separated from the orbit is very slender, so likewise is
the partition between it and the nasal foss@ ; but in other parts
the boundaries of the cavity have considerable thickness—espe-
cially the superior maxillary bone at its alveolar border. On
the removal of a molar tooth it will, however, be found that its

socket is separated from the antrum by a thin partition of
bone.

ANALOGY BETWEEN CRANIAL BONES AND VERTEBRAE.

Anatomists have at all times perceived and recognised the
analogy between the movable and motionless pieces of the spine
—between those of the lumbar and dorsal regions, and those of
the sacrum and coecyx: in the one, as well as in the other,
similar organic elements are observed to exist, variously modi-
fied, in order to suit special purposes; but it is only of late
years that any adequate attention has been directed to the
points of similitude which exist between vertebree, properly so
called, and the cranial bones. Many persons who adopt, with-
out hesitation, the terms false or pelvic vertebree, as applied to
the sacrum and coceyx, feel a repugnance to use the word false
or cranial, as applied to the pieces of the skull ; and deny, per-
haps, without examination, the analogy upon which it is found-
ed, as being unnatural or far-fetched. We have numerous in-
stances of the harmony that subsists between containing and
contained parts throughout the economy; in no case is it more
striking than in the relation that obtains between the funda-
mental part of the osseous structure and the central mass of the
nervous system. The spinal canal is accurately adapted in its
different parts to the nervous cord which it encloses. In the
pelvic region, the canal, at least in the human subject, becomes
narrow, as it merely encloses nerves, whilst the body and pro-
cesses take on a particular developement to meet a special pur-
pose, that of forming a basis of support for the rest of the

e it e
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column. This seems to result from the working of what may
be termed a principle of compensation in the growth, as well as
in the action of parts; for when one part of a given whole is
developed to excess or to a maximum, others will remain at a
minimum or atrophied : thus the spinal canal and the arches are
at their minimum in the sacrum and coceyx, for the contained
parts are there at a low point of developement; but at the
opposite end of the column the reverse obtains: the contained
parts, viz. the central parts of the nervous sytem, are evolved in
the human subject to the greatest extent, and so must the con-
taining parts also be. The portion of the osseous system which
corresponds with the bodies of the vertebr can, therefore,
hardly be recognised ; whilst that which is analogous to the
arches is expanded so much as to retain but a slight similitude
to them.

If we take the occipital bone, and examine it attentively, we
shall readily perceive in it all the elements of a vertebra. The
foramen magnum is the counterpart of the ring of a vertebra,
and has a similar relation to the spinal cord; the basilar pro-
cess represents the body; the condyles are true articulating
processes ; the rough surfaces external to them, and which give
attachment to the recti laterales, correspond to the transverse
processes ; the vertical ridge extended backwards along the
median line, from the foramen to the occipital protuberance, is,
in the human subject, merely a rudiment of a spinal process;
but in the dog, bear, and badger, it forms a sharp prominence
well deserving the name of spine, and the likeness is still more
striking in osseous fishes: finally, the broad plates on each side
of the spine represent the arches. In this view of the matter, the
occipital bone forms the first false vertebra of the cranial region.

In the second eranial piece or vertebra, it must be admitted
that the analogies are not so striking ; but when we recollect
that the cavity of the skull, if examined in the different orders
of animals, enlarges in proportion as the brain acquires an in-
crease of developement, and that this enlargement attains its
maximum in the human subject, we shall at once find sufficient
reason to expect that the parts corresponding with the vertebral
arches should, in this region, be greatly evolved, while the rest
are in a manner atrophied. The parietal bones, with the squa-
mous part of the temporal and the great wings of the splienoid,
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taken together, represent the arches, whilst the posterior part of
the sphenoid bone (such as it exists in the human faetus before its
ossification is complete, and such as it continues permanently in
several lower animals) is the counterpart of the body, the mas-
toid processes of the temporal bones with the glenoid fosse
serve as transverse and articulating processes. These, together,
form the middle eranial piece, which may be termed the spheno-
temporo-parietal cranial false vertebra.

The frontal bone, the ethmoid, and the anterior division of
the sphenoid (which is that part of the body that sustains the
smaller wings), form the third vertebra ; the part of the sphenoid
just named, together with the erista galli and the perpendicular
plate of the ethmoid bone, form the body, which is here reduced
to a rudimentary state, just as the coccygeal bones are at the
opposite end of the column, of which it may be considered a
repetition. The lateral and expanded parts of the frontal bone
are the arches, and the external orbital processes may be likened
to transverse processes.

We have here used the term false vertebra as applied to
the cranial pieces ; perhaps it would be better to use the word
zone, as sanctioned by the authority of Cuvier. The passage in
which he recognises the principle of developement here indi-
cated, as well as the application of it, (which appears to have
been first inculeated by Dumeril, and traced in all its details by
Geoffroy Saint-Hilaire,) is as follows:—¢ Le crane se sub-
divise comme en trois ceintures, formées—I'antérieure par les
deux frontaux et I’éthmoide, D'intermédiare par les pariétaux et
le sphénoide, la postérieure par 'occipital.” *

MAN ADAPTED TO THE ERECT POSTURE.

Every part of the conformation of the human subject indi-
cates its adaptation to the erect position. The feet are broader
than those of any other animal proportionally to its size; the
tarsal and metatarsal bones admit of very little motion ; and the
great toe is on the same plane with the others, and cannot be
brought into opposition with them. The foot is thus fitted to
sustain the weight of the body, but not to grasp or seize objects

* Régne Animal, tom. i. p. 63.
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presented to it. The hands, on the contrary, though so well
adapted for these purposes, are ill calculated for affording sup-
port ; so that man is truly * bimanous™ and “ biped.”* The
tibia rests perpendicularly on the astragalus, and the os caleis
projects backwards for the purpose of increasing the base, and
also of lengthening the lever to which the strong muscles of the
calf of the leg are attached. The whole extent of the tarsus,
metatarsus, and phalanges, in man, rests on the ground, which
does not obtain even in apes, the end of whose os caleis is some-
what raised, so as to form an acute angle with the bones of the
leg. In dogs and digitated quadrupeds, the carpus and tarsus
are considerably elevated from the ground, so that the body
rests on the toes; and in the horse, and other solid-hooved
animals, the third phalanges only rest on the ground, the os
caleis being raised nearly to the perpendicular direction.

The femur, placed securely beneath the pelvis, affords a firm
support during progression. The great breadth of the pelvis,
serves to enlarge the base on which the trunk rests; and this is
farther increased by the length of the cervix femoris. This
peculiarity in the neck of the femur renders it necessary that
the body of the bone should incline inwards, in order that its
axis should approach the central line, and so support the centre
of gravity. If its articular head be viewed in profile, it will be
observed that the cartilaginous coating is distributed for the
most part on its upper and inner aspect, showing its adaptation
as a pillar of support in the erect position.

The bones of the pelvis in the human subject are distin-
guished from those of other animals by some marked peculi-
arities. The sacrum is remarkably broad and expanded, so as
to form a firm support for the spinal column which rests upon
it ; its lower part is curved and articulated with the coceyx, so
that both incline forwards and enclose the pelvic cavity, con-
stituting a support for the viscera when pressed down by mus-
cular action. If a different arrangement of these bones obtained
—if they were continued downwards in a straight line, they
would project beyond the ischia, and render the sitting posture
irksome or impossible.

The spinal column, which is supported on the pelvis, is pecu-

* Regne Animal, tom. i. p. 82.
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liarly adapted to the erect attitude. Its pyramidal form and
enlarged base fit it to sustain the superincumbent weight ; and
by means of the different curvatures which it presents, a con-
siderable range of motion is allowed to the trunk, the centre of
gravity being still supported within the base. The form of the
thorax is also peculiar. Shallow and compressed from before
backwards, it is broad and expanded from side to side ; by which
means the preponderance of the trunk forwards is considerably
lessened. The sternum, though broad, is very short, so that a
considerable space intervenes between it and the pubes, which is
occupied solely by muscular parts. But in quadrupeds, the
thorax is compressed and flattened laterally, becoming gradually
narrower towards the sternum, which is prominent and keel-
shaped, so that the breadth from this latter bone to the spine is
much greater than that from side to side. This conformation,
together with the absence of clavicles in true quadrupeds, en-
ables the anterior extremities to approach closely together, and
fall perpendicularly downwards beneath the trunk, so as to give
it a steady support. The sternum is elongated in these animals,
and the ribs pass from the spine to that bone so directly, without
making any angle, that they approach near to the criste of the
ilia, and thereby increase the extent of firm support necessary to
sustain the weight of the viscera. Even with these advantages,
the muscles of the abdomen would be inadequate to the sup-
port of its contents, were they not assisted by a layer of elastic
substance, which is placed over their entire extent, and which of
itself marks their destination for the prone position.

Though the upper and lower extremities present several
points of similitude, they yet may be contrasted so as to show
that they are adapted to totally different purposes. It is quite
obvious that the scapula and os innominatum, the humerus and
the femur, the bones of the fore-arm and those of the leg, the
hand and the foot, are respectively constructed on the same
plan; but the differences which they present indicate a differ-
ence of function. ,

The scapule, placed on the supero-posterior part of the trunk,
are borne off by the clavicles; their glenoid cavities are directed
forwards and outwards, so that the arms, which are, as it were,
appended to them, are fitted to enjoy a considerable degree of
motion in the anterior and lateral directions. But in true quad-
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rupeds the glenoid cavities look downwards, and are approxi-
mated closely together, so that the thoracic limbs, which are
articulated with them, descend beneath the fore part of the
trunk ; and, as they are thus calculated to support its weight,
they possess little lateral motion, The glenoid cavity in man
is quite shallow, so that the globular head of the humerus is
merely applied to its surface; but the acetabulum is a deep
cup-like cavity, indicating a quite different destination in the
two joints. The breadth of the articular surfaces of the knee-
joint, and the peculiar conformation of the ankle-joint, as con-
trasted with the elbow and wrist, are abundantly sufficient to
show that fixity and strength have been designed in the one,
mobility in the other. This difference is, if possible, more
strongly marked in the conformation of the hand and foot : the
latter, as has been already observed, being intended to support
the body, is placed at right angles beneath the leg; the former
is continuous with the line of direction of the fore-arm, other-
wise it could not be guided with sufficient precision to the differ-
ent objects which it is intended to seize. The tarsal bones are
large, firm, and strong ; those of the metatarsus are also thick
and large, and placed all in a line. That which supports the
great toe, being the stoutest of all and almost immovable,
ranges with the others. But the metacarpal bones are quite
differently disposed ; that which supports the thumb admits of
considerable motion in every direction, so as to perform a com-
plete circumduction, and is placed so much out of line with the
others that it can be opposed to them, as in grasping different
objects. The hand and foot may be considered as divisible
each into two parts, differing in their degrees of mobility, viz.
the digital phalanges, and the row of bones which sustains
them. The moveable phalanges of the hand are as long as the
carpal and metacarpal bones taken together; but in the foot,
they are not a third of the length of the tarsal and metatarsal
bones.

No part of the osseous system of man affords more striking
evidence of his adaptation for the erect posture than the
cranium. Resting on the summit of the vertebral column, the
line of its base forms a right angle with that of the column
itself, which thus affords it a firm support. The condyles, or
points of articulation, are situated very near the centre of its

H
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base, being, however, a little nearer to the occipital protube-
rance than to the anterior surface of the jaws; by this arrange-
ment very little active power is required to maintain it in equi-
librio.* In other animals the condyles are placed much further
back ; so that, instead of resting on the column, the skull is, as
it were, appended to its extremity, and is sustained by an
elastic substance, (ligamentum nuche,) which is attached by
one extremity to the spinous processes of the vertebrae, and by
the other to the occipital protuberance. The head, as has been
already observed, is composed of two parts, the cranium and
face ; the one being intended to contain the brain—the material
instrument of the mind; the other to enclose the organs of
sight, smell, and taste. The more the organs of smell and taste
are developed the greater is the size of the face, and the greater
its relative proportion to the cranium. On the contrary, the
larger the brain, the greater must be the capacity of the skull,
and the greater its proportion to the face. On this principle, a
large cranium and a small face indicate a large brain with a re-
stricted developement of the sense of smell and taste; but a
small cranium and a large face mark an opposite conformation.
The character and nature of animals is determined by the degree
of energy with which their different functions are performed ;
they are guided and impelled by some leading propensity or
disposition ; and as the eranium and face bear to the brain and
organs of sense the relation of containing and contained parts,
the study of their relative proportions is one of great interest to
the naturalist, inasmuch as they serve as indices of the faculties,
instincts, and capabilities of different individuals as well as of
classes.

Several methods have been suggested for determining the pro-
portion of the cranium to the face; the simplest is that of
Camper. If a line be drawn upwards from the side of the chin,
over the most prominent part of the forehead, it will form an
angle with a horizontal line drawn backwards over the external
auditory foramen from the margin of the anterior nares; the size
of the angle will indicate the degree of developement of the
cranium and brain, as compared with that of the face and organs

* Lawrence on the Characters of the Human Head, passim.

ol u'e




MAN DISTINGUISHED FROM ANIMALS. 99

of sense. In the crocodile these lines are so nearly coincident
that there is scarcely any appreciable angle.

In the Horse it measures® . . . 23°
oy O e T R e
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Ouran-outangt . . . . &6 to 60
European adult . . . . 85

Thus we find man at the top of the scale of animated beings,
distinguished from all the rest, as well by his external con-
formation as by his internal organization. When the mind has
passed in review the many links of the chain which connects the
lowest with the highest—the mere animated dot, with man the
lord of the creation, it cannot fail to be struck with astonish-
ment at the immense chasm which separates them. Yet, when
each link of the chain is compared with that which precedes
and follows it, the transition from the one to the other is found
to be so gradual as to be almost imperceptible. So easy are
the steps of ascent from the organization of the higher orders of
the quadrumana, up to the human species, that even Linnzus
felt it difficult to assign the specific characters by which man is
distinguishable from all others; but any doubt that may have
existed on this subject has been long since removed. The
physical and moral attributes of man are universally recognised
as sufficient to elevate him much further from the higher mam-
malia than these are from the classes beneath them; and in the
opinion of Cuvier,{ he should be considered not merely as a
distinet species, but even as forming a separate order by him-
self. Whether, then, with the zoologist, we consider the physi-
cal conformation of man as compared with that of other animals,
or, with the moralist, reflect on his mental powers and high
destination, we can scarcely refrain from saying, with the poct,

Sanctius his animal mentisque capacius alta
Deerat adhue, et quod dominari in emtera possit,
Natus est homo.

* Cuvier, Lecons d’Anatomie Comparée, tom. n. p. 8.
+ Lawrence on Nat. Hist, of Man.
1 Régne Animal, tom. i. p. 81.
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THE THORAX.

Into the composition of the thoracic portion of the skeleton,
fig. 40, enter the sternum and ribs, which are proper and peculiar

to it, and the vertebrse, which are common to it and other parts.
The latter have been already described.

THE STERNUM AND ENSIFORM CARTILAGE.

The sternum (os pectoris: xiphoides) is situated in the me-
dian line, at the fore part of the thorax:'* it is flat and narrow,
but not of equal width in its entire extent, being broad at its
upper part, then narrowed somewhat, after which it widens a
little ; finally it becomes compressed and narrow where it joins

* A front view of the bones of the thorax, viz. the dorsal vertebrae, the
sternum, and the ribs, with their cartilages. 1. The first piece of the ster-
num. 2, is placed opposite the point at which a rib is joined to the sternum,
3, is close to one of T.Ihve articular surfaces which the sternum has for the ela-
vicle. 4, is on the middle of the second piece of the sternum. 5. The
ensiform cartilage. 6. The groove which marks the lower margin of a rib,
7. The posterior end of a rib, 8. Its neck. 9. The tubercle. 10. The
cartilage. 12. The first rib. 13. Its tuberosity. 14, The first dorsal ver-
tebra, 156. The eleventh ; and 186. the last rib.
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the ensiform cartilage. Its direction is oblique from above
downwards and forwards ; and the inclination forwards, together
with the curve backwards in the dorsal part of the vertebral
column, causes a considerable increase in the antero-posterior
diameter of the thorax. We have to consider successively its
surfaces, extremities, and borders.

The anterior surface, slightly convex, and subjacent to the
skin, gives attachment to the aponeurosis of the pectoralis major
and to the sterno-mastoid muscles, and is marked by four trans-
verse lines, indicating its original division into five pieces. The
union between the first and second of these pieces (correspond-
ing with the insertion of the second costal cartilages) is fre-
quently cartilaginous even in adult age.

The posterior surface, somewhat concave, looks backwards,
towards the cavity of the thorax, and gives attachment, supe-
riorly, to the sterno-hyoideus and sterno-thyroideus muscles ;
inferiorly, to the triangularis sterni. Along the middle line it
corresponds with the interval left by the divergence of the two
pleurse (anterior mediastinum).

The borders are thick, and marked on each side by seven
angular depressions for the reception of the cartilages of the true
ribs, which give them a notched or serrated appearance.

The superior extremity, broad and thick, is slightly excavated
from side to side, and presents at each corner a depression for
the reception of the sternal end of the clavicle.

The sternum, in early infancy, is divided into several pieces,
but in adult age two only remain distinct. These two pieces,
with the ensiform appendage, at one time received names de-
rived from an imputed likeness of the whole to a sword; but
the last-mentioned part now alone retains the designation
grounded on this circumstance.*

The first division of the sternum® (manubrium or handle)
is broader and thicker than the other ; its form is nearly square ;

* Vesalius, while stating that others regarded the sternum and ensiform
cartilage as resembling a sword, prefers to compare the pieces of the sternum
to the handle only of that wr;n];) n, adding, in support of his view, the curi-
ous reason, thus expressed, (Lib. i. p. 115,) “Secundum autem os, illi parti
congruit, quam manus tota mtus complectitur, in qua sinus costarum carti-
laginibus parati, enm prastant usum, quem in gladiis ex manubrij asperitate
q;:aerimus, quoties intortis nodosisq’ funiculis, aut scabra piscis ecute, illud
obduei curamus.™
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its lateral margins, thin and oblique, present each an oblong de-
pression,® which receives the cartilage of the first rib; and at
each inferior angle may be observed an articular half notch,
which articulates with the second rib. The superior border is
hollowed, and hence the names incisura semilunaris or furcula,
which have been applied to it. At the angles which bound it
are the fosse,® which articulate with the clavicles, as has been
already stated. The inferior border is straight, and united to
the upper extremity of the second piece.

The second piece,* (the body,) much longer than the first, is
marked on its anterior surface by some transverse lines, which
indicate its original division into separate portions. Both sur-
faces are nearly flat. The upper border is narrow, correspond-
ing in breadth with the termination of the first bone, with which
it is connected by cartilage. The lateral margins present each
five notches for the reception of the cartilages of the five lower
true ribs, and a half noteh superiorly, which, with a similar de-
pression in the first piece, forms a cavity for the second costal
cartilage. Tle five inferior notches approach one another more
closely in proportion as they are situated lower down, and part
of the last is occasionally made up by the ensiform cartilage.

If the sternum is examined in several adult skeletons, it will
be found to differ in form,—i. . in the length of its parts, as well
as in its breadth at given points;—but these differences are
very various, and are not so considerable as to require detailed
notice.  Other peculiarities, less frequently met with, and of
more importance,—such as divisions running through the bone,
and perforations of its substance,—will be treated of more con-
veniently in the account to be given of the ossification ; for there
the manner of their production can be explained by reference to
the process of growth.

The inferior extremity of the sternum, thin and elongated,
gives attachment to a cartilaginous appendix,® called the ensi-
form or xiphoid (E4@og, a sword ; esdog) cartilage, which in most
cases remains in the cartilaginous state until an advanced period
of life. Tts form varies considerably in different individuals:
and it is sometimes bent forwards, sometimes in the opposite
direction, and sometimes pierced by a hole at its centre (fig. 41,

A, B, D). It gives attachment to the aponeurosis of the abdomi-
nal muscles.
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Articulations.—The sternum articulates by its sides with the
cartilages of the true ribs,—by its upper angles with the clavicles,
and by the lower end it is connected to the ensiform cartilage.

When sawed across, this bone presents a considerable quantity
of loose spongy texture in its interior, with a very thin lamella
of compact tissue on its outside ;—hence it is very light.

Ossification.—As far as the middle of feetal life, or a little
later, the sternum is altogether cartilage (fig. 41, o). After
that time the ossification begins with the formation of osseous
granules in the middle of the intervals between the points at
which the cartilages of the ribs are connected. There are five of
these for the sternum exclusive of the ensiform appendage, and
they form as many pieces. The process of ossification makes

Fig. 41.+
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its appearance in the first piece between the fifth and sixth
months, and soon following in the second and the third, it reaches
the fourth at the end of fecetal life. The osseous centre of the
last (fifth) varies considerably in the time of its appearance. It
may be found soon after birth, and may not be visible for a
considerable time (one or two years) after that period.

In many cases one or more of the divisions of the sternum

T Various conditions of the sternum are represented in these figures.
They are deseribed incidentally in the text. 1. The osscous nueleus of the
first piece. 1'. Several granules for the same, 2. That of the seeond piece.
3, 4. Those of the third and fourth. 3', 4. Double nuelei for the same.
* The epi-sternal granules,
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are formed from more nuclei than one, and there are peculiarities
with respect to the number and position of these additional
granules which require notice.

The first piece has often two points of ossification, placed
usually one above the other; and it has been found to possess
three. A number, which I believe to be very unusual (six), are
contained in the preparation represented in figure o, 1. The
second has not often more than a single granule (B, *),
but the third, fourth, and fifth divisions are frequently formed
from two nuclei, which are placed laterally with respect to one
another,—not vertically, as occurs in the first piece (0,* )

The presence of two points of ossification having the relative
position mentioned, accounts for the vertical division sometimes
found to run through one or more of the sternal pieces; and
the occurrence of a hole, of various size, oceasionally met with
in the middle of the sternum, is explained by reference to
the same peculiarity in the manner of growth. Thus:—in
the ordinary course the ossification extending uninterruptedly
inwards from their nuclei the lateral parts meet and join to
form a single piece before junction takes place with the piece
immediately above or below. But supposing the formation of
bone to cease when the parts are close together, the division
which in all such cases exists for a time will become permanent,
and if the growth should cease sooner, a larger interspace (a
hole) will be the result (fig. 41, ). Further, if the interrup-
tion to the progress of ossification should occur at the point
where the lateral parts of two sternal pieces would meet, the
hole is likely to have considerable size, for it may then result
from an “arrest of the developement” proceeding from four
centres,—each contributing a part.

The five pieces of the sternum constructed in the manner
above detailed begin to join at the lower end of the bone. The
fifth picce is joined to the fourth soon after puberty, the fourth
and the third are united between twenty and twenty-five years
of age, and the body of the sternum is usually not completed
by the junction of the third piece to the second before thirty-
five or forty years. Lastly, the first division does not in gene-
ral join with the rest of the sternum at any period; but should
its union happen to take place, it is only to be met with in old
Hgﬂ.
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To the centres of ossification here described M. Brechet} has
added two small epi-sternal granules, whese position is suffi-
ciently shown in the indication of them given in figure £.* *
They occur only at rather advanced periods of life ; but they
do not appear to be constant. :

The ensiform appendage begins to ossify some years after
birth,—the time in different cases varying, according to the ob-
servation of Béclard, between two years and fifteen or eighteen.

Epi-sternal
nuclei.

Ensiform
appendix.

The ossification proceeds from a single centre situated at the

upper part, and from this it gradually extends downwards; but
in most instances a portion remains cartilaginous even in very
advanced age.

THE ]}.IBS AND THEIR CARTILAGES.

The ribs (costzet) extend from the dorsal portion of the
vertebral eolumn to the sternum, forming arches, which enclose
the lateral parts of the thorax. They are usually twelve in
number at each side, but cases occasionally occur in which the
number is augmented by the addition of a cervical or a lumbar
rib, to which reference has already been made in describing the
vertebree of those regions, The number may also be diminished
to eleven. I have lately seen an instance in which this diminu-
tion was accompanied with the absence of a dorsal vertebra.
The seven superior pairs, which are united by means of cartila-
ginous prolongations to the sternum, are called sternal or true
ribs; the remaining five, which are not prolonged to the ster-
num, being denominated asternal or false ribs.

The ribs do not arch uniformly from the vertebral column
towards the sternum : the greater number consist of parts of two
circles or arches of different diameters, the anterior being much
the larger. Thus the rib, directed at first backwards from its
connexion with the bodies of the vertebrse, reaches and is sup-
ported by the transverse process (which in the dorsal region is

-

+ & Recherehes sur différentez Pieces du F:'ulfll.rh'.-lm des Animaux Verté-

brés,” &e. in * Annales des Sciences Naturelles,” 2¢ Série, t. 10 {Zoolo-
giul, p. 91.
T “Asif they were eustodes of those prineipal organs of the animal ma-

chine, the heart and lungs.”—Monro, © The Anatomy of the Humane Bones,”

- p. 234.—Edinb. 1726.
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inclined backwards); after leaving the extremity of this process,
it turns abruptly outwards, and finally is directed forward to-
wards the sternum.

In their length, breadth, and direction, these bones present
several varieties. From the first to the eighth their length suc-
cessively increases, whilst from the ninth to the twelfth they
gradually decrease, so that the last is very little longer than the
first.

Their breadth, considered in the whole series, diminishes
gradually from the first to the twelfth; but in each rib it is
greatest towards its external extremity.

As to their direction in reference to the vertebral eolumn,
the first forms almost a right angle with it, and the succeeding
ones gradually incline downwards, so that their anterior ex-
tremity is lower than the posterior. The body of all the ribs,
except the first, is, as it were, twisted on itself, so that their
two extremities cannot be made to rest at the same time on a
plane surface.

These bones present two surfaces, two borders, and two ex-
tremities.

The external surface is convex and smooth. The internal is
concave, and corresponds with the pleura.

The superior border, smooth and rounded, gives attachment
to the intercostal muscles; the inferior is marked on its inner
aspect by a groove (sulcus costalis), fig. 40,% which is com-
monly said to be for the lodgment of the intercostal vessels, and
also gives attachment to the intercostal muscles.

The posterior extremity,” somewhat rounded and thicker
than the other parts of the rib, and hence denominated its head,
(capitulum costw,) presents (except in the instances to be pre-
sently stated) two articular faces (separated by a slight ridge)
which articulate with the corresponding small surfaces on the
bodies of the dorsal vertebree ; the head is supported by a nar-
row round part,® or meck, terminated externally by a tubercle,
(tuberosity, tuberculum costee,)? which is smooth in one part
for its articulation with the transverse process of the lower of the
two vertebree to which the head is connected, and rough in the
other for the insertion of the posterior costo-transverse ligament.

The anterior extremity is broad, flat, and hollowed at its tip
into an oval pit, into which is implanted the costal cartilage.

Between the tuberosity and the most convex part of the body
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of each rib is a rough line, marking what is termed its angle.
The distance of the angle from the tuberosity increases gradu-
ally from the second to the eleventh inclusive. In the last it is
not perceptible : in the first it is not distinguishable from the
tuberosity.

The first two and the last two ribs present some peculiarities
deserving of notice.

The first rib*® is shorter and broader than either of the
succeeding ones, its direction is nearly horizontal ; its body not
being twisted, as is the case in other ribs, it lies evenly when
placed on a plane surface. One surface looks upwards, and is
marked by two very slight depressions (over which slide the
subclavian vessels), and an intervening roughness, sometimes
well marked, which indicates the attachment of the scalenus
anticus muscle. The other surface looks downwards, towards
the cavity of the thorax, The external border, convex and
rounded, is surmounted by the tuberosity;'® the internal is thin,
and forms the margin of the superior aperture of the thorax.
The anterior extremity is broad and thick ; the head, which
articulates with the first dorsal vertebra,’* is small, presents an
undivided articular surface, and is supported by a slender neck.

The second is longer than the first, and presents externally
a prominent line for the attachment of the serratus magnus;
its internal surface is somewhat grooved posteriorly.

The eleventh' has no groove on its inferior border, nor a
tubercle, as it is not articulated with the transverse process; its
angle is scarcely perceptible, and the head has but one articulat-
ing surface. The cartilage by which its anterior extremity ends
is unconnected with those of the other ribs.

The twelfth'® differs little from the preceding one, except
in being shorter; it has neither angle, tubercle, nor groove, and
as its anterior extremity, which is pointed, seems loose and un-
attached, it is called a floating rib. The same designation has
likewise been applied to the eleventh rib.

Ossification begins in the ribs at a very early period —some-
what before it has made its appearance in the vertebree, and the
deposit of osseous matter extends rapidly over them. Kach
rib (with exceptions to be presently noticed) is formed from one
principal piece (fig. 42,") and two epiphyses.

The epiphyses are small and thin, and one of them, which in
most ribs is slightly angular in shape, belongs to the head,
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Fig. 42.* (fig. 42,%) ; the
other, to the
tubercle, (fig.
42,*). Their
growth  com-
mences be-
tween the six-
teenth and the
twentieth year
of age, and
they are united to the rest of the bone a few years after,—about
the twenty-fifth.

The last two or three ribs want the epiphysis of the tubercle.

COSTAL CARTILAGES.

These cartilages (fig. 40,’>—the numbers are omitted upon
the others to avoid complexity in the drawing) are twelve in
number, like the ribs, of which they form the elastic continua-
tion ; their breadth diminishes gradually from the first to the
last, whilst the length increases as far as to the seventh, after
which it becomes less in each succeeding one. Their line of
direction also varies considerably. The first descends a little,
the second is horizontal, and all the rest ascend more and more
as they are situated lower down. The external or costal extre-
mity, convex and unequal, is implanted into the end of the
corresponding rib. The internal extremities of the cartilages of
the true ribs, smaller than the external, and somewhat pointed,
are articulated with corresponding angular surfaces on the sides
of the sternum; each of the cartilages of the first three false
ribs, becoming slender towards its extremity, is attached to and
blended with the lower border of that which is next above it;
in the last two it is pointed and unattached.

The first cartilage usually becomes more or less ossified in
adult age, and at this period it is often connected to the ster-
num by bone. After the middle of life, osscous matter is like-
wise deposited to a greater or less extent in the other cartilages;

* One of the last true ribs: The P“I“'[.IIml piece. 2. The epiphysis
of the head. 3. The epiphysis ﬁ}r the tubercle. N, B. The epiphyses are
represented of somewhat too large size,
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and it is apparent at a later period in those of the false than of

the true ribs.

These observations apply to the male body; for in the female
the process of ossification does not affect the cartilages until old
age has arrived, and it always affects a comparatively small
number, if it should happen to extend beyond the first, which
commonly is not the case.

Attachments of muscles to the ribs and their cartilages.—
The two layers of intercostals to the contiguous borders of all
the ribs; the scaleni to the first and second; the pectoralis
major to the cartilages of the true ribs, except the first ; pecto-
ralis minor to the bodies of the third, fourth, and fifth ; rectus
abdominis to the cartilages of the last three true ribs and ensi-
form cartilage ; obliquus externus to the last three true ribs,
and all the false; the internal oblique and transversalis to the
cartilages of the four or five false ribs; the diaphragm to the
ensiform cartilage, and to those of the last six ribs.

The serratus magnus to the nine superior ribs; latissimus
dorsi to the four inferior ; serratus posticus superior to the third,
fourth, and fifth true ribs; serratus posticus inferior to the last
three ; sacro-lumbalis to the angles of all the ribs; levatores
costarum a little beyond their tuberosities.

BONES OF THE SUPERIOR EXTREMITY.

The upper extremity consists of the shoulder, the arm, the
fore arm, and the hand, The shoulder consists of the scapula
and clavicle: the arm of the humerus; the fore-arm of the
radius and ulna; and the hand of the carpus, metacarpus, and
fingers.

SCAPULA.

This bone, fig. 43, is placed upon the upper and back part
of the thorax, occupies the space from the second to the seventh
rib, and forms the posterior part of the shoulder.

Its form is irregularly triangular and flat. Tt presents for
examination two surfaces, three borders, and three angles.

The anterior surface, ( fossa subscapularis, wventer,) looks
towards the ribs, is triangular, slightly concave, intersected by
prominent lines directed from within outwards and upwards, and
therefore crossing the direction of the ribs.
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The & dor- Fig. 43 * The pnsterinr surface (dorsum sca-
G _ Sy pule) is divided into two parts, but
g ¢ unequally, by a prominent ridge,’ (the
" spine:) of these the superior one® is
! called fossa supra-spinata; the infe-

i ferior,” fossa infra-spinata.
The spine Of the spine.—The spine of the
:ﬂ?ﬁ;ﬂ scapula is a prominent ridge of bone,
spinous and flattened from above downwards, com-
::LE?:L’;HL, mencing at the posterior border of the
and - forms scapula, with a smooth flat triangu-
m::nf lar surface,* from which it becomes

gradually more elevated as it pro-
ceeds forwards, until it terminates in an elongated pmccss,ﬁ
(acromion,) which surmounts the shoulder-joint. The form of
the spine, considered by itself apart from the acromion, is tri-
angular; hence we have to notice its two surfaces and three
borders. Its superior surface is concave, and, conjointly with
the superior part of the dorsum of the scapula, forms the fossa
supra-spinata. The inferior surface is irregularly triangular,
constitutes part of the infra-spinous fossa, and in its middle may
be observed a small foramen,® for a nutritious vessel. On the
projecting border of the spine, which is rough and broad, may
be noticed two margins, of which the superior one gives attach-
ment to the trapezius, the inferior to the deltoid muscle : the
is partly  intervening edge is subcutaneous. The anterior or attached
z':l:““t““* border, or base, is united with the dorsum of the bone. The
external border, which is short, round, and somewhat concave,
approaches the neck of the bone, and is continuous with the

under surface of the acromion.
Tha dctos Of the acromion process.—This considerable eminence® is
auioly flattened in the direction opposite to that of the spine, and,
projecting outwards and forwards, forms the summit of the

* The seapula of the right side—its dorsal aspect. 1. The spine. 2.
The supra-spinous fossa. 3. The infra-spinous fossa. 4. A triangular sur-
face at the end of the spine. &.. The opening of a nutritious canal. 6. The
acromion. 7. A square surface for the teres major muscle. 8. A ridge
marking the :pnint of attachment of the teres minor. 9. The supra-seapular
notch. 10, The coracoid process. 11. The base. 12. A rough surface for

the long head of the triceps musele. 13. The neck. 14, The margin of the
glenoid cavity.
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shoulder-joint ; hence its designation (ezzgoy, a summit ; wpog,
the shoulder). Its posterior and upper surface, convex and
somewhat rough, is subcutaneous; the anterior and inferior one,
concave and smooth, is in relation with the supra-spinatus
muscle, and overlays the capsular ligament of the shoulder-
Joint; the superior border presents, anteriorly, a narrow oval
surface for its articulation with the external extremity of the
clavicle, and its summit affords attachment to the coraco-acro-
mial ligament.

The fossa supra-spinata,® wider towards its vertebral than
the other extremity, is filled up by the supra-spinatus muscle.
The fossa infra-spinata,® much larger than the preceding, is
convex in the middle, somewhat concave, or rather grooved,
inferiorly. Between the latter part and the axillary border is
a slightly raised and elongated ridge,® which extends from the

- glenoid cavity obliquely downwards to within an inch of the

posterior angle of the bone, where it subsides into a flat and
nearly quadrilateral surface.” 'This latter part it is that gives
origin to the teres major muscle, and over it slides the latissimus
dorsi, Along the upper and rounded part arise the fibres of the
teres minor; whilst the line of division between them marks
the attachment of an aponeurosis, common to these muscles
and to the infra-spinatus, which occupies the remainder of the
fossa.

Of the three borders of the scapula, or coste (as they are
sometimes called), the superior is the shortest ; at its outer part
is situated a lunated notch,” (lunula; incisura semilunaris,)
which is converted into a foramen by a ligament, and is tra-
versed sometimes by the supra-scapular vessels and nerve, but
usually by the nerve alone. In front of this opening it is sur-
mounted by the eoracoid process,"® which being thick, elon-
gated, and curved on itself, is named, from some fancied resem-
blance to a crow’s beak (zoguf, a crow; edog, form). This
process, superiorly convex and unequal, gives attachment to the
coraco-clavicular ligament ; anteriorly, to the pectoralis minor
muscle ; posteriorly, to the coraco-acromial ligament; and by
its extremity to the biceps and coraco-brachialis muscles. The
posterior, or vertebral border,' named also the “base” of the
scapula, is the longest of the three; superiorly it approaches
to the vertebral column, inferiorly it is more removed from it.
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The portion of this border which is above the spine will be ob-
served to incline a little outwards. For the purpose of more
easily assigning the attachments of the several museles which are
connected with it, we may regard it, though very thin, as divi-
sible into two margins, with an inter-space; these are stated in
the enumeration of the muscular attachments. The axillary
border is inclined downwards and backwards from the lower
margin of the glenoid cavity to the inferior angle of the bone;
hence it is named the inferior costa of the scapula. It is of
considerable thickness, being surmounted posteriorly by the
ridge above noticed as giving origin to the teres minor. The
edge itself presents a shallow groove running along the greater
part of its extent. It corresponds with the lower border of the
subscapular muscle. For about an inch beneath the glenoid
fossa there is a well-marked linear impression,’® which gives
origin to the long head of the triceps muscle.

The postero-superior angle is formed by the junction of the
base with the superior costa of the scapula; it is somewhat in-
clined outwards. The #uferior angle is placed at the union of
the base with the axillary or inferior border of the bone ; upon
it may be observed an elongated flat surface™ which gives ori-
gin to the teres major, and over which slides the latissimus dorsi
muscle. At the convergence of the superior and inferior bor-
ders may be observed a narrow constricted part™ denominated
the neck.

The neck (cervix scapul®) separates the glenoid fossa and
the coracoid process from the rest of the bone, and lerminates
above at the notch of the scapula. It is bounded below by a
slightly raised rim'* which gives attachment to the fibrous
capsule of the shoulder-joint ; and finally the rim surrounds the
articular surfice of the bone which is called the glenoid cavily
(yzpy, a superficial cavity ; giwog). This is a shallow, oval
depression, broader below than above, covered with cartilage in
the fresh state, and deepened somewhat by a fibro-cartilaginous
border, which passes round it from the long tendon of the bi-
ceps muscle, whose origin is at its upper margin ; its longest
diameter is perpendicular, its direction outwards and forwards.
In this last respect, however, it varies considerably ; for during
the more extended motions of the humerus, the scapula is made
to turn, as it were, on a pivot driven through the centre of its
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dorsum, by which means the glenoid cavity is kept constantly
in apposition with the head of the humerus, which is the chief
security against its dislocation.

The scapula articulates by its glenoid cavity with the
humerus, and by the acromion process with the clavicle.

It affords attachment to the following muscles :—The sub-
scapular fossa (the anterior or costal surface of the bone) to the
sub-scapularis muscle. Posterior or dorsal surface,—the spine
(by its border and the acromion) superiorly to the trapezius,
inferiorly to the deltoid : the fossa supra-spinata, by its pos-
terior two-thirds, to the musele of the same name: the fossa
infra-spinata, in the greater part of its extent, to the infra-
spinatus ; by a slight oblique line situated near the inferior
angle, to the aponeurosis common to the infra-spinatus, teres
minor, and teres major ; by a narrow rounded surface, near the
axillary border, to the teres minor; by the flat surface, at its
inferior angle, to the teres major.

The superior border, near the margin of its notch, to the
omo-hyoideus; the coracoid process, anteriorly, to the pecto-
ralis minor, by its summit to the biceps and coraco-brachialis.
The posterior border or base, anteriorly, to the serratus magnus;
posteriorly, to the supra-spinatus and infra-spinatus; in the
inter-space to the rhomboidei and to the levator anguli scapule,
The inferior, or axillary border, at its upper part by a rough
ridge to the long portion of the triceps extensor ; posteriorly, by
an unequal surface, to some fibres of the teres minor; inferiorly,
to the teres major.

The inferior angle to the teres major, and occasionally to
some fibres of the latissimus dorsi ; the anterior angle (glenoid
cavity), by its upper margin, to the long head of the biceps
muscle.

The scapula has several centres of ossification, and the
greater part of the bone, as in most other cases, is formed
from one of them. This nucleus appears at the time that
osseous matter is first deposited in the vertebrae, and from it
the ossification spreads in different directions, to the spine,
the glenoid cavity, and in short over all the bone, except the
coracoid process, the acromion, the lower angle, and the base,
each of which is a distinct formation.

At birth the parts last named are cartilaginous,
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An osseous granule appears in the middle of the coracoid
process (fig. 44, a°), usually in the course of the first year
after birth, and this part being largely ossified, is joined, or
about to join, the rest of the scapula when the remaining
pieces begin to form. ,

The additional centres of ossification succeed one to the
other rapidly, between the fifteenth and seventeenth years,
generally showing themselves in the following order:—I. in the
acromion near the base ;—and in the upper part of the coracoid
process; 2. the lower angle; 3. again in the acromion; 4. the
base. The several pieces constructed from these nuclei may
be regarded as epiphyses. Each of them requires some remark.

The base of the acromion is an extension from the primary
centre of ossification through the spine, and the extent to which

* The sﬂasu'lu is here represented at various periods of its growth. The

figure marked A. shows the condition of the bone at about the end of the
first or beginning of the second year of age ; ossification is largely extended
from the primary centre, and a nucleus has appeared in the coracoid process.
B. From a boy aged about fifteen or sixteen years ; the coracoid process is
partly joined at its base, and nuelei have appeared in the acromion and in
the l::;wer angle. C. shows the condition of the bone at seventeen or
cighteen years of age. A second point has formed in the acromion, and the
ossification of the base is advanced. D. The seapula of a man about twenty-
two years of age. The epiphyses of the acromion and the base are still
separable. A thin epiphysis, which exists on the coracoid process of the
preparation represented in the sketch has been accidentally omitted. N. B.
One of those figures (C.) is to be regarded as altogether an illustrative plan.
I do not possess a preparation showing this stage of the growth of the bone.
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the ossifieation from this source reaches varies in different cases
(fiz. 44). The remainder of the process is produced from two
or more irregular nuclei (c¢® ®), which unite one to the other,
and form a single piece to be subsequently joined to the spine,
or rather to the projection from this (fig. 44, »).

On the convex part of the coracoid process where it turns Epiphysis
forward, a thin scale (an epiphysis) forms after the process has Eﬁltdh:r;”;;
been joined on to the general mass of the scapula. I have ob-
served this epiphysis to be in general broad at the upper part,
and to taper downwards to the notch on the upper margin of
the seapula.

The lower angle and the contiguous part of the base are The lower
always ossified separately (B, ¢, p,’). The remainder of the %!‘h*f"im_
base is also to be considered a distinet growth (c, p,*); but
from the appearance of completeness presented by its upper
part in some scapul® of young bodies, I think it not un-
likely that a portion of it is occasionally formed by extension
from the general ossification of the bone. The point, how-
ever, requires further investigation.

The epiphyses are joined to the bone between the ages of
twenty-two and twenty-five years.

THE CLAVICLE.

The clavicle (clavis,* a key), or, as it is popularly called, The clayi-
the collar-bone, is extended, transversely, between the acromion ;L';iili;:i
process of the scapula and the summit of the sternum, which it direction,
serves to connect; its direction, however, is not exactly hori- 3];:'?;;;“
zontal, the acromial end being slightly elevated. This bone is into parts.
curved somewhat like an italic f, the degree of the eurvature

being less in young and female subjects than in male adults; it

* Various reasons have been assigned for the name by which this bone is
distinguished. It has been said to be taken from the likeness to a peculiar
form of key. By most writers the name is considered to have been derived
from uses attributed to the bone : such as that, key-like, it closes the chest ;
or that, as “a stay,” it conneets the s;r:sLIpulu to the trunk.  Thus, Riolanus
—who is cited because of his character for extensive erudition—says (Com-
ment. de Ossibus, cap. 21), “ Clauis siue clavicula dicitur quod Thoracem
claudat, . . . . Nam ex Aristotele Clanis, os clandens thoracem et instru-
mentum quo aliquid elauditur signifieat. . . . Vel quia elauis modo firmet
et stabiliat eum sterno omoplatam, In architectura claues appellantur ligna
aliis firmitudinem prmstantia.”

12
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is rather thick and somewhat triangular towards its sternal end,
but broad amd flat towards the scapular extremity ; it presents
for our consideration a body and two extremities,

The superior surface of the body is principally subcutaneous.
The inferior surface presents, near the sternal extremity, inequa-
lities for the attachment of the costo-clavicular ligament ; in the
centre, a longitudinal depression, giving attachment to the sub-
clavius muscle, the foramen for the entrance of the medullary
vessels, and, more externally, a rough oblique line, to which
the coraco-clavicular ligaments are attached ; this surface cor-
responds internally to the first rib, externally to the coracoid
process and the shoulder-joint, and in the middle to the axillary
vessels and brachial plexus of nerves. The anterior border is
broad and convex towards the sternal, thin and concave towards
the seapular extremity ; the posterior border presents, of course,
the opposite arrangement of curvatures.

The internal or sternal extremity is inclined downwards and
forwards ; it is considerably thicker than the other parts of the
bone, and terminates in a triangular unequal surface, which is
convex from above downwards, concave from behind forwards ;
this is tipped with cartilage, and articulates with the sternum,
the articular surface of which it much exceeds in size ; its entire
circumference gives attachment to lignments. The external or
scapular extremity, compressed and flattened, inclines a little
backwards and upwards, and articulates with the acromion by a
narrow oblong surface which is covered with cartilage.

Attachments of muscles.—The clavicle gives attachment, by
the superior surface of its sternal extremity, to the sterno-
cleido-mastoid ; the longitudinal depression on its inferior sur-
face, to the subclavius; the anterior border, by its sternal half,
to the pectoralis major; by its acromial third, to the deltoid ;
the posterior border, by its acromial third, to the trapezius.

Articulations.—The clavicle articulates with the sternum
and the acromion process of the seapula.

Peculiarities in the sexes and in tndividuals.— The clavicle
of the female is more slender and less curved than that of the
male. But occasional instances occur which do not conform
to this general statement—which are even directly opposed
to it. These exceptional cases are in a great measure, if not
altogether, referrible to circumstances to be noticed in the fol-
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lowing paragraph. It is also less bent in young persons than
in adults.

The curves of the bone are greatest in persons employed in
laborious occupations, and its ends become enlarged under the
influence of the same circumstances. It has likewise been
found that, from the same cause, a difference may exist between
the clavicles of the same person—insomuch that M. Cruveilhier
states, he was enabled to predicate correctly of a person that he
was left-handed, founding his judgment solely on the relative
size of the sternal ends of the clavicles.

- Ossification.—The claviele begins to ossify before any other
bone. It is formed from one
principal piece and a thin epi-
physis, which belongs to the
inner or sternal end of the bone.
The epiphysis begins to form
between the eighteenth and
twentieth year, and it unites to
the rest of the bone a few years after.

Fig. 45.%

THE HUMERUS.

The humerus or arm-bone, fig. 46, (os humeri,) the largest
hone of the upper extremity, extends from the scapula to the
bones of the fore-arm, with each of which it is articulated.
Its direction is vertical, with an inclination inwards towards the
lower end. Long and irregularly cylindrical in form, the hu-
merus is divisible into a body and two extremities.

The body or shaft of the bone," thick and rounded superiorly,
is somewhat expanded, and triangular inferiorly. It is divided
into two nearly equal surfaces by two longitudinal lines, of
which one is external and anterior,® the other internal and pos-
terior.” These lines or ridges may be considered as rising, the
former from the external, the latter from the internal condyle,
near to which they are well marked, but gradually subside as
they proceed upwards on the body of the bone: they afford

* . The elavicle of a foetus. b, This figure is taken from the claviele of
a man who had attained to about twenty-three years of age. N.B. The
epiphysis is represented of somewhat greater size (thicker) than it is in
nature,
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one is interrupted about the middle,* by an oblique depression,
or groove, which runs from above downwards, and marks the
course of the musgculo-spiral nerve and superior profunda artery ;
the surfaces separated by these lines are named posterior and
anterior. The posterior surface is round supe-
Fig. 46.*  riorly, and inclined a little inwards; in the lower
part it is broad, flat, and turned rather outwards ;
it is covered in the entire of its extent by the
triceps extensor muscle, and towards its middle
may be observed a small foramen for the medul-
lary vessels. The anterior surface is divided su-
periorly into two unequal portions by a longitu-
dinal groove,® directed obliquely downwards and
inwards, for about one-fourth of the length of the
bone ; this lodges the long tendon of the biceps
muscle, and is therefore named the bicipital
groove ; its anterior margin,® gives attachment to
the pectoralis-major; the posterior,” to the latis-
simus dorsi and teres major. The portion of the
anterior surface which is internal to this groove
is smooth in the greater part of its extent, and
presents, towards its middle, a linear elevation for
the insertion of the coraco-brachialis, and lower
down an oblique medullary foramen ;* externally to the groove,
and a little above the middle of the bone, may be observed a
broad rough eminence,? for the insertion of the deltoid muscle,
beneath which runs the oblique depression already noticed as
corresponding to the course of the musculo-spiral nerve and the
accompanying artery.
The superior extremity of the bone presents a large hemi-
spherical eminence,' covered with cartilage in the fresh state,

* The humerus of the right side seen from before. 1. The shaft. 2, 3.
The external and inh:rmﬁ condyloid ridges. 4. Opposite part of a
shallow groove which corresponds to the course of the musculo-spiral nerve
and the superior profunda artery. 5. The bicipital groove. 6. Its anterior
margin, 7. Its posterior margin. 8. Foramen for nutritious artery. 9.
Deltoid impression. 10, The head. 11. The neck., 12. The great tube-
rogity. 13. The small one. 14. The inner condyle. 15. The outer con-
dyle. 16. Rounded articular surface (capitellum) for the radius. 17,
Trochlea. 18. Fossa for the coronoid process.
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and directed backwards and inwards to the glenoid cavity of the
scapula, with which it articulates ; this is called the head of the
humerus. It is bounded by a slightly depressed groove, suffi-
ciently marked on the upper, not on the under aspect, denomi-
nated the neck of the bone. The axis of this part does not
coincide with that of the rest of the bone.—Suppoesing the
humerus in its natural position with respect to the scapula, if
the axis of its shaft be vertical, that of the head and neck of the
bone is directed backwards and upwards. A little beneath, and
to the outside of the head, are two eminences, which project
from the ends of the shaft of the bone, and, from their relative
size, are named the greater and lesser tuberosities (tubercula).
The greater tuberosity,'® is external and posterior in its situa-
tion, convex in its outline, and marked on its upper border by
three flat surfaces for the insertion of the external rotator
muscles. The smaller tuberosity,” rounded and more promi-
nent than the other, gives attachment to the sub-scapularis
muscle. They are separated by the bicipital groove.

The lower extremity.—Towards its lower third the bone
widens, and appears compressed and somewhat twisted frém be-
hind forward ; its longest diameter is transverse; it presents
internally a considerable projection,'* the inmer condyle, which
is inclined backwards, and gives attachment to the internal late-
ral ligament of the elbow-joint, and to a tendon common to the
greater number of the anterior muscles of the foramen. Exter-
nally is situated another smaller process,'” (external condyle,)
to which are attached the external lateral ligament and a tendon
common to the muscles of the posterior and external surfaces of
the fore-arm. Between the condyles is placed the inferior
articular surface, which is inclined somewhat forwards. Pro-
ceeding in the enumeration of the parts which enter into its
composition from the radial to the ulnar side, we observe a
rounded eminence, (the small head, capitellum,)'® placed rather
on the anterior surface of the bone, and articulating with a
cavity observable on the superior extremity of the radius, calcu-
lated to allow of all that freedom of motion which the radius
enjoys, viz. flexion and extension on the humerus, and pronation
and supination by rotation on its own axis ;—a slight groove or
depression corresponding with the circumference of this emi-
nence, a semicircular ridge, which is lodged in the space inter-
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vening between the radius and ulna ;—a wide and deep groove
which receives the prominent part of the larger sigmoid cavity
of the ulna; and, lastly, a prominent ridge, which is received
into the internal part of the same cavity. This prominence
descends much lower than the external portion of the articular
surface, and determines an obliquity in the direction of the hu-
merus, when its lower extremity is made to rest on a plain sur-
face.  The groove, with its margins, forms a well-marked
pulley-like surface,'™ on which the sigmoid cavity of the ulna
moves in flexion and extension ; hence it is termed the trochlea.
At the fore part of the inferior extremity of the bone, and im-
mediately above the trochlea, is a superficial depression,' which
receives the coronoid process of the ulna during flexion, and
posteriorly a more considerable fossa, which lodges the olecranon
during the extension of the fore-arm.

A modification of the nomenclature applied to these different
eminences has been proposed by Chaussier: retaining the term
trochlea for the surface of articulation with the ulna, he calls
that which articulates with the radius, the eondyle, and for the
two lateral eminences of insertion, now named condyles, he sub-
stitutes the terms epi-trochlea and epi-condyle.

Attachments of muscles.— The posterior surface gives attach-
ment to the triceps; the anterior (by the posterior margin of
the bicipital groove) to the teres major and latissimus dorsi; in
the middle, by a slightly-marked line, to the coraco-brachialis ;
inferiorly, to the brachialis anticus ;—the external portion of
the same surface, superiorly, by a rough eminence, to the del-
toid; by the anterior margin of the bicipital groove, to the
pectoralis major. The greater tuberosity gives attachment, by
the three flat surfaces on its upper border, to the supra-spinatus,
infra-spinatus, and teres minor muscles ; the lesser tuberosity to
the sub-scapularis. The inferior extremity, by its outer border,
to the supinator radii longus and extensor carpi radialis longior ;
by its external condyle, to the extensor carpi radialis brevior,
extensor communis digitorum, extensor carpi ulnaris, anconeus
and supinator radii brevis ; by the internal condyle, to a tendon
common to the pronator radii teres, flexor carpi radialis, pal-
maris longus, flexor carpi ulnaris, and flexor digitorum sub-
limis.
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Articulations.— The humerus. articulates with the glenoid
cavity of the scapula, and with the ulna and radius.

Ossification.—~The humerus begins to ossify soon after the Ossifica-
clavicle, and some time before the vertebrse. From a small "%

cylindrical piece, appearing at the middle, the formation of bone
extends towards the extremities, involving the entire shaft.

At the end of fewetal life the shaft of the humerus is ossified The shaft.

nearly in its whole length, and its ends are altogether cartila-
ginous. (fig. 47, a.)

There is a trace of bony deposit in the head of the bone to-
wards the close of the first year after birth, and in the course of
the second year a distinet nucleus has formed in this part (8%).
Between the second and third years a separate centre is deve-

* Beveral stages in the ossification of the humerus are shown in these

figures, That marked A, is the representation of the bone of a full-grown
fietus, B, The condition of the bone at about two years of age. C. The
bone in the third year. D. At the beginning of the fifth year. E. The
state of the bone about the twelfth year. F. This bone is from a person about
the age of puberty.—1. The primary piece. 2. Nueleus for the head. 3.
That for the tuberosities. 4. For the outer side of the lower articulating
surface. 5. For the inner condyle. 6. The inner part of the lower arti-
culating surface. 7. The external condyle,

N. . The separated centres of the upper extremity of the bone in figure C,
have not been drawn from a preparation.

Some of the bones are represented in two parts, in order to make up in
some degree for the absence of the proper proportion in their dimensions.
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loped for the tuberosities (¢®). (Béclard mentions two—one
for each tuberosity,—the second being very small and appearing
after the fourth year.) The osseous nuclei of the head and
tuberosities enlarge, join, and form a large epiphysis before the
fifth year. (fig. 47, ».)

The growth of the lower end of the bone is more complicated.
It begins, after the expiration of the second year, in the outer
part of the articular surface—the small head (c*), and from this
point the ossification extends inwards and forms much the larger
part of the articulating end of the bone (v, £, ¥,*).

Before the fifth year an ossific point is deposited in the in-
ternal condyle (p?).* About twelve years one is apparent in
the inner side of the articulating surface; and at thirteen or
fourteen years the ossification of the external condyle is begun
by a distinet centre (&, ¥,°7).

Soon after the last mentioned period, or about sixteen or
seventeen years, the external condyle and the two parts of the
articulating surface (being previously joined) unite with the shaft
of the bone. The junction of the internal condyle follows at
about the eighteenth year. And thus all the parts of the lower
end of the bone have united with the shaft, while the epiphysis
of the upper end, whose formation began first, is still separate.

Lastly, this too is no longer separable, and the bone is complete

about the twentieth year.

THE RADIUS.

The radius, fig. 48," shorter than the ulna by the length of
the olecranon process, is placed at the external side of the fore-
arm, extending from the humerus to the carpus. It is broader
below than above, slightly curved in its form, and divided into a
body and two extremities.

As the body, or shaft, is somewhat triangular, we observe on

* As the date mentioned for the appearance of this centre of ossifieation
is much earlier than that assigned by writers who treat of this department of
anatomy, it may be well to state, that in one preparation in my ecollection,
which was taken from a boy ascertained to have been a little over six years
of age at the time of his death, the ossification of the inner eondyle is well
advanced :—and that in another—the arm of o female child wll"tl.':?l I ampu-
tated in consequence of an aceident on the day after it had attained the fifth
year—a small osseous granule is distinetly formed in the same part.

"
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it three surfaces, bounded by three margins, or ridges. The
anterior surface,’ expands towards the lower part,
and is marked along its middle by a longitudinal  Fig. 48.7

groove for the flexor pollicis longus; superiorly
is situated the foramen,* for the medullary vessels,
its direction being from below upwards; and in-
feriorly a flat surface,® corresponding with the
pronator quadratus. The posterior surface, con-
vex in the greater part of its extent, is grooved at
its central third, for the origin of the extensors of
the thumb ; the external surface, round and con-
vex, is marked towards its middle by a rough im-
pression,* which gives insertion to the pronator
radii teres. Of the margins separating these sur-
faces, the posterior is distinet only at the middle
part ; the external is round, and becomes smooth
towards the lower extremity ; whilst the internal
is acute and sharp, for the attachment of the
inter-osseous ligament. The body is terminated superiorly by
a rough prominence,” (tuber radii,) termed the bicipital tube-
rosity, from its giving insertion to the biceps muscle.

Above the tuberosity the bone becomes narrowed and con-
stricted into the form of a meck, which is again surmounted by
the head,” intended by its extremity to articulate with the round
convex part of the lower extremity of the humerus, its small
head (condyle, Chauss.), while its margin rolls on the lesser
sigmoid cavity of the ulna. The margin is smooth and convex ;
the upper surface, also smooth, is a shallow cup-like cavity ;
and both are covered with cartilage in the recent state.

The radius at its lower part becomes broad and thick ; the
anterior surface is flat and expanded, being covered by the pro-
nator quadratus musecle; it is bounded below by a prominent

* The radins and the ulna of the right side viewed in front.
the middle of the radius—its anterior surface,
foramen. 3. A flat surface near the lower end.
the pronator teres musele.

1, ie on
2, points to the medullary
4. A rough impression for
5. The bicipital tuberosity. 7. The head. 8.
The lower margin. 9. The styloid process, 10. Articulating surface for
the ulna. The remaining numbers are affixed to the ulna. 11. The an-
terior surface. 12, The medullary foramen. 13. The olecranon. 14. The

coronoid process. 15, The large sigmoid notch, 16, The head., 17. The
styloid process.
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line,® which gives attachment to the anterior ligament of the
wrist-joint. The posterior surface is convex, and marked by
longitudinal grooves, which transmit the tendons of the extensor
muscles ; of these, one, which is very narrow and oblique in its
direction, and nearly in the middle line, lodges the tendon of
the extensor pollicis (secundi internodii). At the inner or ulnar
side of this is placed another, much broader, which transmits the
tendons of the extensor communis and indicator; and at its
outer side a third, divided into two parts by a linear impression,
marks the passage of the fexox carpi radialis, longior and brevior.
Corresponding with the external border of the bone is another
groove, directed obliquely forwards, and divided into two parts,
for the tendons of the extensores—primi internodii and ossis
metacarpi pollicis. The outer side of the bone, particularly the
part corresponding with the ridge which separates the two latter
grooves, is prolonged downwards, and named the styloid pro-
cess;9 it affords attachment to the external lateral ligament of
the wrist-joint. On the inner side of the bone is situated a
small cavity,' (semi-lunar,) covered by cartilage, which articu-
lates with the inferior extremity of the ulna. At its inferior
extremity the radius presents its carpal articulating surface,
scaphoid (navieular), which is included between the base of the
styloid process and the oval cavity just mentioned, bounded
before and behind by two rough margins for the attachment of
the radio-carpal ligaments. It is divided from before backwards,

by a line, into two unequal portions, of which the external is

triangular, and articulates with the scaphoid bone; the internal
is square, and articulates with the semi-lunar.

Attachments of muscles—The anterior surface of the body,
by its grooved part, to the flexor longus pollicis; by the ob-
lique line, leading from the tuberosity to the insertion of the
pronator radii teres, to the supinator brevis and flexor sublimis
its inferior fifth to the pronator quadratus ; the posterior surface,
by a slight concavity in the middle, to the extensores pollicis ;
the external margin, by a rough surface, to the pronator teres ;
inferiorly, to the pronator quadratus and the supinator radii
longus ; whilst the posterior part of the bicipital tuberosity gives
attachment to the biceps muscle.

Articulations.— The radius articulates with the humerus, the
ulna, the scaphoid and semi-lunar bones. '

|
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Ossification.—The radius is formed from three points of ossi- Ossifica-
fication. In the shaft osseous matter begins to form at its "™
middle immediately after the process has commenced in the
humerus, and before the vertebrse. The ossification from this
centre extends nearer to the upper than to the lower end of the
bone.

At the ordinary time of birth the radius is ossified except the
ends, which are both ecartilaginous.

A nucleus is deposited in the lower end in the course of the
end of the second year, and in the upper one before the fifth
year.} The epiphysis formed from the latter is flat and very
thin. Tt joins the bone about the age of puberty. The lower
epiphysis, of greater size, is united about the twentieth year.

THE ULNA.

The ulna, fig. 48, (whevy, cubitus,) is placed at the inner The ulna;

side of the forc-arm; it is a long and rather irregular bone, f::;f"’

* A. The radius of a full-grown feetus. B, That bone at about two vears
of age. C. At five years. [). About eighteen years. 1. The primary picee.
2. The ossifie point or Elripl]_v:-:is; of the lower end. 3. That of the up b i

This statement difters widely from those of Meckel and Héulnnl. The
former mentions seven years, and the latter cight or nine, as the time at
which the upper epiphysis begins to ossify. The period stated in the text
has been fixed on after repeated observation.
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larger at the upper than at the lower extremity,—a conformation
the reverse of that which obtains in the radius.

Its body, or shaft, is marked off into three surfaces by three
prominent lines. These are all broader above than below, in
consequence of the decreasing size of the bone. The anterior
surface,”* slightly depressed, is grooved longitudinally for the
origin of the flexor profundus, and marked at its upper third by
a foramen,'? directed obliquely upwards for the medullary ves-
sels. The internal surface, smooth and somewhat excavated
superiorly, is covered in the greater part of its extent by the
flexor profundus muscle ; it becomes round inferiorly, where it
is subeutaneous. The external surface, rough and irregular, is
divided into two parts, of which one, of small extent, corre-
sponds with the superior extremity of the bone, and forms an
elongated depression for the anconeus muscle ; the other, reach-
ing to the lower extremity, gives origin to the extensors of the
thumb and the supinator radii brevis. Of the three margans,
the internal and posterior are round, and, for the most part,
smooth ; the external is sharp, and gives attachment to the
inter-osseous ligament.

At the superior extremity of the bone are situated two emi-
nences, so placed as to bound the cavity by which it articulates
with the humerus. Of these, one called olecranon,™ (whers,
ulna; zgayoy,) is nearly on a line with the shaft of the bone;
the other, the coronoid process,* (zogwyy, a crow’s beak;
eidog,) projects from its anterior surface. The olecranon termi-
nates in a rough tuberosity and an obtuse point; the former
giving insertion to the triceps extensor; the latter being lodged,
when the arm is extended, in the posterior cavity at the end of
the humerus. Anteriorly, this process is smooth and hollowed
out, to form part of the surface of articulation with the humerus;
posteriorly, it presents a flat triangular surface, which is subeu-
taneous. The coronoid process, by a gentle ascent, rises up-
wards and forwards from the anterior surface of the bone, and
terminates in a sharp ridge, which overhangs the articular sur-
face, and is received during flexion into the anterior depression
in the humerus: its anterior surface, rough and triangular, gives
insertion to the brachialis anticus muscle ; its upper aspect’is
smooth and excavated : its inner border gives attachment to the
internal lateral lizament; the external is hollowed into a smooth
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depression, the smaller sigmoid cavily, which articulates with
the head of the radius. The great sigmoid cavity,"” formed by
the junction of the smooth surfaces of these two processes, has
been so named from some supposed resemblance to the form of
the Greek letter 2 (oiywe, sdog, form), as it was originally
written. Covered by cartilage in its entire extent, it is divided
into two parts (but unequally, the inner one being the larger,)
by a smooth ridge running downwards from the peak or point of
the olecranon to that of the coronoid process. This ridge and
the concavities beside 1t correspond, the one with the groove,
the others with the lateral parts of the trochlea. At the mar-
gins of the sigmoid cavity may be observed two notches which
mark off the parts of the surface which belong to the olecranon
and the coronoid process respectively.

At the inferior extremity of the bone, which is small and
rounded, are situated two eminences, of which the external one,
named the head of the ulna,’ round and covered with cartilage,
presents two aspects, of which one, nearly circular in its form,
looks towards the wrist-joint, and corresponds with the triangular
fibro-cartilage of that articulation ; whilst the external one, nar-
row and convex, is received into the semi-lunar cavity in the
contiguous border of the radius. The internal eminence,"
named the styloid process, projects on a line with the posterior
and inner surface of the bone; it is elongated in its form, and
gives attachment to the internal lateral ligament of the joint.
The head and the styloid process are separated posteriorly by a
groove, which is traversed by the tendon of the extensor carpi
ulnaris, and inferiorly by a depression at the base of the styloid
process, into which the triangular fibro-cartilage is inserted.

Attachments of muscles.—The anterior surface, superiorly,
and in the middle, gives attachment to the flexor digitorum
profundus ; inferiorly, to the pronator quadratus ; the posterior
surface, to the anconeus, the extensor carpi ulnaris, supinator
radii brevis, the extensores pollicis, and the extensor indicis ; by
the posterior longitudinal line, to an aponeurosis common to the
flexor carpi ulnaris, flexor digitorum profundus, and extensor
carpi ulnaris. The superior extremity, by the summit of the
olecranon to the triceps brachialis ; the coronoid process, by its
anterior rough surface, to the brachialis anticus; and by its in-
ternal side, to the second origin of the pronator teres.
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Connexion Articulations.— The ulna articulates with the humerus and
with other  ¢),0 padius; it has no point of contact with the carpal bones,

Lones.
but it is brought into relation with the cuneiform bone by means
of the inter-articular fibro-cartilage. 5
Fig. 50.%
.8
Ossifica- Ossification.—The ulna begins to ossify both in the shaft and
o, the epiphyses a short time after the radius.

The ends are cartilaginous at birth. In the fourth year
(sometimes later) a granule of bone forms in the lower end. It
appears in the middle of the head, and afterwards extends to the

styloid process.
The upper epiphysis is very small, the greater part of the

olecranon being formed from the original centre of ossification.
Ossific matter is perceptible in this part at the tenth year or ll
soon after.

The epiphyses join:—the superior about the sixteenth year
of age, and the inferior one about the twentieth year.

* A. The ulna of a feetus born at the usual period. B. The bone of a
child at the end of the fourth year, C. From a boy amived at about twelve
years. D. The bone of a male person at nineteen or twenty years of age.

1. The primary picce. 2. The nucleus for the lower end, or epiphysis.
3, The epiphysis of the upper end.
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THE HAND.

The hand is composed of the carpus, metacarpus, and
fingers,

CARPUS.

The first or superior part of the hand is named the carpus or
wrist, fig. 52; it is placed between the fore-arm and the meta-
carpus, and composed of eight small bones, which are disposed
in two ranges, each consisting of an equal number, Proceeding
in the enumeration from the radial to the ulnar side, the bones
which constitute the first or superior range are thus named from
their shape—scaphoid’, semi-lunar?, cuneiform?, and pisiform*;
those of the second or inferior range are the trapezium?, trape-
zoid 7, os magnum®, and unciform?.

The dorsal surface of the carpus is convex, the palmar con-
cave and irregular, and marked by four bony prominences, across
which is stretched the anterior annular ligament, so as to form a
canal for the transmission of the flexor tendons.

BONES OF THE FIRST ROW OF THE CARPUS.

THE SCATHOID RONE.

The scaphoid, fig. 51, (sxas, a boat,)—named also os
naviculare: cotyloides—is the first
of this row and the largest. Its Fig. 51.*
position is oblique, so that its broad
end is directed towards the trape-
zinm and root of the thumb, whilst
the narrow one inelines inwards and
upwards to the middle of the arti-
cular surface of the radius.

It is convex on one side, concave

* The bones of the carpus, with a portion of each of the metacarpal bones.
1. Seaphoid. 2. Sumirlluum'. 3. Cuneiform. 4. Pisiform. 5. Trape-
zium, 6. A ridge on the trapezium (sec fig. 52). 7. Trapezoid. 8, Os
magnum. 9. Unciform.
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on the other. The concave or hollowed (scaphoid) surface looks
obliquely inwards and forwards, and is that which determines
the form and gives name to the bone. Its upper articular sur-
face, convex and triangular, is applied to the radius ; the lower,
also convex, articulates with the trapezium and the trapezoid
bone. Its concavity receives part of the head of the os magnum;
close to this is a narrow articular surface which is in contact
with the semi-lunar bone; on its radial side is a rough surface,
to which is attached the external lateral ligament of the wrist-
joint ; posteriorly is a narrow grooved surface for the attach-
ment of ligaments ; and anteriorly is a rough surface, the inner
or ulnar half of which is narrow and slightly grooved, whilst the
outer is prominent and tuberculated for the attachment of liga-
ments. It articulates with five bones.

THE SEMI-LUNAR BONE.

The name of this bone® is taken from its being concave or
crescentic on its inferior surface. Irregularly triangular in its
form, convex superiorly, it articulates with the square part of
the articular surface of the radius; inferiorly concave, with the
os magnum and the unciform ; on the ulnar side with the cunei-
form ; on the radial side with the scaphoid ; anteriorly and pos-
teriorly it gives attachment to lignments. It articulates with
five bones.

THE CUNEIFORM BONE,

This is the *wedge-shaped” bone®; sometimes also it is
named from its form ¢ pyramidal,” as well as * os triquetrum.”

Superiorly, it is in relation with the inter-articular fibro-
cartilage of the wrist-joint; inferiorly, it articulates with the
unciform bone; on the ulnar side, gives attachment to liga-
ments; on the radial side, articulates with the semi-lunar bone ;
anteriorly it affords attachment to ligaments, and presents a
small articular surface for the pisiform bone. It articulates with
three bones.

THE PISIFORM RONE.

The ¢ pea-shaped™ bone* is placed on a plane anterior to the
other bones of the carpus, and might more fitly be considered as
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an appendage to the tendon of a musele—a sesamoid bone—
than as a portion of the frame-work of the carpus.* The form
is indicated by its name (pisum, a pea), and to it is due another
designation—os subrotundum. It presents but one articular
surface, which is situated on the posterior part, or base, and
rests on the anterior surface of the cuneiform bone. It affords
attachment to the annular ligament of the carpus, to the flexor
carpi ulnaris muscle, and to the abductor of the little finger,

The first three carpal bones form, when in apposition, a
rounded convex surface, which corresponds with the concavity
presented by the radius and the inter-articular eartilage. The

greater part of their lower surface constitutes a deep hollow, =

which receives the head of the os magnum and a small part of
the unciform bone; and on the outer side a part of this range
(the lower convex surface of the scaphoid) is received into a
slight depression of the second row, formed by the trapezium
and trapezoid. (See figure 51.)

BONES OF THE SECOND ROW.

THE TRAPEZIUM.

The name of this bone? is taken from its presenting ‘four un-
equal edges at its posterior aspect, and it has also been known as
the *“ os multangulum majus.” It is placed at the radial border
of the carpus, between the metacarpal bone of the thumb and
the scaphoid bone. It is known by the angular appearance of
its dorsal surface, and by the tubercle and groove at its palmar
aspect.

Superiorly concave, it articulates with the scaphoid bone ;
inferiorly, concave from behind forward, and convex transversely,
with the first metacarpal bone; on the ulnar side, with the
trapezoid bone, and, by a small surface situated more inferiorly,
with the edge of the second metacarpal bone ; on the radial and
posterior sides it gives attachment to ligaments; anteriorly it
presents a groove’ traversed by the tendon of the flexor carpi

* “Carpo extra ordinem appositum est, assidens patelle in modum, aut
sesamoider,”—* B, 8, Albini de sceleto hum. liber,” p. 410,
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radialis, and a ridge to which the annular ligament of the carpus
is attached. It articulates with four bones.

THE TRAPEZOID BONE.

This is a small bone” compared with those between which it
is placed, viz. the trapezium, scaphoid, and os magnum ; in form
and position it has some resemblance to a wedge, and but little
to a trapezium, except that its posterior surface is bounded by
four unequal edges. In contradistinction to the preceding bone,
this received the name * os multangulum minus,”

It articulates superiorly with the scaphoid bone ; inferiorly,
with the second metacarpal bone; on the ulnar side with the
os magnum ; on the radial side, with the trapezium : the ante-

rior and posterior surfaces afford attachment to ligaments. It
articulates with four bones.

05 MAGNUM,

This® is the largest of the carpal bones ; its form is oblong,
round superiorly, cubic inferiorly ; the superior surface, named
its ¢ head,” (whence it is sometimes called ¢ os capitatum,”) is
supported by a narrowed portion, named the *neck;™ its greatest
convexity is in the antero-posterior direction, where it is received
into a cavity formed by the scaphoid and the semi-lunar bone ;
it articulates, inferiorly, by three distinet surfaces, of which the
middle is the largest, with the second, third, and fourth meta-
carpal bones; on the ulnar side, with the unciform bone; on
the radial side, with the trapezoid bone : the anterior and poste-
rior aspects are rough (particularly the former) for the attach-
ment of ligaments. It articulates with seven bones.

THE UNCIFORM BONE.

The ¢ hook-shaped ™ bone? (uncus, a hook,) is readily dis-
tinguished from the rest by the eurved process'® upon its palmar
surface : it articulates, superiorly, with the semi-lunar bone ;
inferiorly, by two distinet surfaces, with the fourth and fifth
metacarpal bones; on the ulnar side, with the cuneiform bone;
on the radial side, with the os magnum: anteriorly its hooked
process affords attachment to the anterior annular ligament of
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the carpus; posteriorly a rough surface also gives attachment to
lignments. It articulates with five bones.

THE METACARPUS.

This forms the second or middle por-
tion of the hand, being situated between
the carpus and the phalanges; it is
composed of five bones, which are named
first, second, &e. in their numerical or-
der, the enumeration being commenced
at the radial side. These bones are
placed parallel one with the other, and
nearly on the same plane, with the ex-
ception of the first, which i1s more ante-
rior than the rest, and alters in its rela-
tive position to them”in its various
movements.

The metacarpal bones vary in size.
The first is thicker and shorter than
the others. The second and third do not differ strikingly
one from the other in dimensions, and they are longer than the
rest. The fourth exceeds the fifth in size. They are all
slightly concave on the palmar surface, convex on the dorsal,
larger at their extremities than in the body or middle part, ter-
minated at the carpal extremity by an unequal eminence, and at
the digital by a rounded head.

The bodies are triangular in shape; each presenting three
surfaces, and as many borders. Of the surfaces, two are placed
laterally, the third looks backwards; one of the angles is in
front, and the others at each side of the dorsal surface. From
this shape and position of the sides, it results that the bones be-
come narrow towards the palmar aspect of the hand, and that the
spaces between them (interosseous) increase from behind forward.

The body of the first metacarpal bone wants the triangular
shape of the others ; it is more compressed from before back-

———

* The bones of the hand—earpus, metacarpus, and fingers—seen on the
palmar surface.  For explanation of the numerals on the carpal bones, see

note, page 129.
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wards, and resembles one of the phalanges in shape. There are
some slight . peculiarities of the dorsal surface in the several
metacarpal bones. It is convex and smooth in the first, and
presents in the second, third, and fourth, a longitudinal line,
which, bifurcating, forms the sides of a triangular surface, ex-
tending over two-thirds of their length; in the fifth, also, is ob-
served a prominent longitudinal line, directed, obliquely, from
the ulnar to the radial side. The lateral surfaces afford attach-
ment to the dorsal interosseous muscles.

The carpal extremity (base) presents, in each, some peculi-
arities which render a separate description necessary.— By refe-
rence to the difference of their carpal extremities, the bones may
be distinguished one from the other, and the more readily if their
relative size be at the same time taken into account. On the
superior extremity of the first is observed a surface, concave
in the antero-posterior direction, and convex from side to
side, which articulates with the trapezium ; this bone has no
lateral articulating surface.— In the second, an angular de-
pression receives the trapezoid bone, and, on the radial side, a
small surface articulates with the trapezium; at the ulnar side,
the margin is extended obliquely backwards, so as to become
wedged in between the trapezoid and the third metacarpal bone,
and articulates by its tip with the os magnum.—On the third,
a nearly plane surface articulates with the os magnum; on the
tadial and ulnar sides are surfaces for articulation with the con-
tiguous metacarpal bones.—Two articular surfaces of the fourth
join with the os magnum and unciform ; the radial side has two
surfaces, and the ulnar side one, for articulation with the cor-
responding surfaces of the bone on each side.—On the fifth, a
concave surface, directed outwards, corresponds with the unci-
form bone; at the radial side is a surface for the fourth meta-
carpal bone, and on the opposite side there is a prominence
without an articular surface.

The digital extremities- (heads) of all are convex, and articu-
lated with the phalanges, the smooth surfaces extending farther
on the palmar than on the dorsal aspect of the bones; and on the
sides of these are inequalities for the attachment of ligaments.
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BONES OF THE FINGERS.

These are fourteen in number; each, with the exception of Phalanges ;

the thumb, having three separate pieces (phalanges, inter-
nodia). Of these the first is longer than the second, and the
second than the third. Like other long bones, each is divided
into a body and two extremities, of which one represents the
base and the other the head. Winslow and some other anato-
mists reckon three phalanges in the thumb, as they conceive
that its posterior, or most moveable bone, resembles the first
phalanges of the fingers, rather than the metacarpal bones. But
if its conformation be examined with attention, more especially
that of its anterior extremity, and also its mode of articulation
with the bone in front of it, its analogy with the metacarpal
range will appear more striking than with the first digital pha-
langes ; and so it is considered by Meckel, Portal, H. and J.
Cloquet.

The bodies of the first row or phalanx are convex on the
dorsal surface, and flat from side to side on the palmar, but
arched from before backwards; the palmar surface is bounded by
two margins which give insertion to the fibrous sheaths of the
flexor tendons.

The larger or posterior extremities present an oval concave
surface, whose greatest diameter is from side to side, intended
to receive the convex heads of the corresponding metacarpal
bones. The anterior extremities, smaller than the other, end
in two small lateral condyles, with a slight groove between
them, both being adapted to the base of the contiguous bones,
so as to form ginglymoid, or hinge joints. The articular sur-
face is prolonged farther on the palmar than on the dorsal aspect,
which allows a more free range to the motion of flexion. The
margins of the articular surfaces are rough and prominent for the
attachment of ligaments.

The second or middle row consists of four bones, the thumb
having only two pieces corresponding with those of the first and
last phalanx. Smaller than the preceding set, they still re-
semble them in their general outline. The broader, or posterior
extremity, ends in an articular surface, divided by a slight ridge
extending from before backwards, the lateral parts being con-
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cave, for the reception of the two eminences on the contiguous
bone; the anterior extremity is divided into two lateral convex
surfaces, which are lodged in depressions in the base of the last
phalanx. . '

The third row (phalanges unguium,) consists of five pieces,
that of the thumb being the largest. They are convex om
the dorsal, flat on the palmar surface, rough at the summit,
which corresponds with the points of the fingers, and at the
base, for the attachment of ligaments and the flexor tendons.
The articular surface, at the base, resembles that of the base of
the second phalanx, in having two shallow concavities divided
by a central convex line.

Attachments of muscles.— 1. To the carpal bones. The
pisiform bone gives origin to the abductor minimi digiti, and
insertion to the flexor carpi ulnaris ; the {rapezium to the op-
ponens and abductor pollicis; the trapesoid to part of the
flexor brevis pollicis; the os magnum to part of the same;
the wunciform to the flexor brevis minimi digiti and to the
adductor.

2. To the metacarpal bones. The first, or that of the
thumb, gives insertion to the extensor ossis metacarpi pollicis
and to the opponens pollicis, and origin to part of the abductor
indicis: the second, or that of the fore-finger, to the flexor carpi
radialis at its palmar end, and to the extensor carpi radialis lon-
gior on the dorsal surface of its base, and by its lateral surfaces,
to the first two dorsal inter-ossei muscles and one palmar: the
third, to the extensor carpi radialis brevior, to the adductor
pollicis, and also to two dorsal inter-ossei: the fourth, to two
dorsal inter-ossei and one palmar: the fifth, to the extensor
carpi ulnaris, and the adductor or opponens minimi digiti, to
one dorsal and one palmar inter-osseous muscle.

3. To the bones of the fingers. Those of the first range of
the four fingers give attachment by their lateral borders to the
tendinous sheaths of the flexor tendons; their dorsal surface is
covered by the expansion of the extensor tendons. The bones
of the second row give insertion at their dorsal surface to the
tendons of the extensor communis; the tendons of the flexor
sublimis are inserted into their bases at the palmar surface. The
third set gives insertion to the tendons of the flexor profundus ;
the fibres of the extensor communis are also continued on their
dorsal aspeet.
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The first phalanx of the thumb gives insertion to the exten-
sor primi internodii, to the flexor brevis, to the adductor and

abductor pollicis : the second phalanx to the flexor longus, and
to the extensor secundi internodii.

OSSEIFICATION OF THE CARPAL BONES.

The carpus is altogether cartilaginous at the general period
of birth (fig. 53, o). In the course of the first year after,
ossification begins in the os magnum, which is followed speedily
by the unciform bone (z.' ).

The pyramidal or cuneiform is the next to receive an osseous
deposit, and this occurs in the third year (c.?).

Fig. 53.*

In the fifth year nuclei are formed in the trapezium and
semi-lunar ; and, as at the end of that year the nucleus in the
former bone is the larger, it is to be inferred that it preceded
the other in its growth (n. * ).

At about eight years of age the scaphoid, and soon after the
trapezoid, begin to ossify. The granule for the first makes its
appearance near the lower end of the bone (1. °7),

Lastly, the pisiform contains an osseous granule about the
twelfth year.

* A, The state of the various parts of the hand in a full-grown fetus is
shown in this figure. There 15 no osscous point in the earpus, but the
metacarpal bones and the ]plmiangus are ossified to a considerable extent
B, This figure represents the state of the bones about the end of the first
year after birth ; o. shows their condition about the third vear: n. at the
fifth year ; and £, about the ninth. S 1. O
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Only one The carpal bones are formed each from a single centre. It
fm”]‘:ﬂzi may be observed that, in examining their condition during the
Fig. 53 (continued ).
first years of life, the relative periods at which their ossification
begins, may, in a great degree, be determined by the compara-
tive extent to which the deposit of bone has encroached on the
pre-existing cartilages.
0SSIFICATION OF THE METACARPAL BONES.
Meta- The other parts of the frame-work of the hand differ widely
CATpUS.

from the carpus in the time at which their ossification com-
mences, inasmuch as the process is far advanced before the end

Twocen-  of feetal life.  Tach metacarpal bone is formed from two parts,
tres for each
bone,

1. Os magnum, 2. The unciform bone. 3. The pyramidal or cunei-
" form. 4. Semi-lunar. 5. Trapezium. 6. Scaphoid. 7. Trapezoid. 8.
Metacarpal hones—the prineipal piece. 8.* The epiphyses of the metacarpal
bones of fingers. 8. 'ic epiphysis of the metacarpal bone of the thumb.
9. The first range of phalanges ; 9.* their epiphyses. 9! Epiphysis of the
first bone of the thumlh. 10. The second row of phalanges. 10.! The epi-
physis of the second bone of the thumb. 11. The last row of the fingers ;
11.* their epiphyses.

N.B. The carpal bones are numbered according to the order of their
appearance, except the trapezium and semi-lunar, whose numbers have
been accidentally transposed.—An appearance of ossification ought to have
been shown in _ﬁgm'q_l n. for the (}iﬁll]l}'scs of the second range of ]}]ill'l.lﬂﬂgﬂ'5+
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or of what may be considered a principal piece and an epiphysis.
Its ossification begins shortly after the bones of the fore-arm in
the middle of the body, and the process extends over the greater
part of the bone, including its upper extremity (c. . £.°2%).
About the third year of age an osseous granule appears in the
lower end, and the epiphysis resulting from its increase joins
the principal piece before mentioned towards the twentieth
year. Such is the mode of construction of the metacarpal
bones of the fingers. That of the thumb differs in the
position of the epiphysis, which is formed on its upper or carpal
extremity, instead of the lower extremity,—this being produced
by an extension from the larger or principal picce of the bone
(c. v. £.%).  And thus, in the manner of its growth, as well as
in its shape, the metacarpal bone of the thumb assimilates to the
phalanges.

OSSIFICATION OF THE BONES OF THE FINGERS.

These bones are likewise formed from two parts. The ossifi-
cation begins about the same time as in the metacarpal bones ;
but it is stated by Meckel and others, that the primary nuclei
do not appear in the bones of the second row for some time
after they have been perceptible in those of the first-and last.
The deposit of osseous matter from each primary nucleus, in-
volves all the corresponding bone except its upper extremity.

The additional piece or epiphysis begins to ossify at the
third or fourth year in the first row, and a year later in the
others ; ¥ and the bones are completed by the junction of their
parts before the twentieth year.

* The periods assigned by Béclard for the appearance of ossific granules
in the epiphyses of the phalanges are as follows :—for those of the first
range, three or four years ; for the second or middle range, seven years ; and
for the last, or ungual, four or five years.

Some preparations in my colleetion demonstrate that the time here con-
neeted with the appearance of bone for the epiphyses of the second phalanges
cannot be g{!uem[liy correet.  Une case bearing on the point may be specially
referred to, because no doubt could exist concerning the age, or with respect
to the previously healthy state of the limb. I amputated the arm of a delicate
female child, who on the day before the operation had attained the age of
five years. The removal of the limb was rendered necessary in consequence
of an injury. In the hand of this child the epiphyses of the three sets of
bones of the fingers are advaneed in ossifieation, and proportionally to the
size of the cartilage those of the ungual row appear Sm:llllcsl,
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INNOMINATE BONE. (0S INNOMINATUM.—OS COXZE.)

This bone, fig. 54, is of so complex and irregular a form,
that it bears no perceptible resemblance to any other known
object, and therefore remains  unnamed” and unnameable.
The two bones thus distinguished by the negation of a name
are situated at the inferior and lateral parts of the trunk, ex-
tending from the sacrum forwards to the median line, where
they are connected together. Through the intervention of the
sacrum, which is wedged in between them, they receive the

weight of the body from the
Fig. 54.% vertebral column, and trans-
mit it to the lower extremi-

somewhat curved in their
general outline, they ecir-
cumscribe the greater part
of the cavity of the pelvis,
the sides and fore-part of
which they form.

To facilitate the descrip-
tion of this very irregular
Lone, it is convenient to con-
sider separately each of the
parts into which it is found
divided in early life, viz. the
ilium, os pubis, and ischium.

# The innominate bone of the right side—1. Dorsum ilii, 2. The supe-
rior curved Line. 8. The inferior curved line, 4. Surface for the attach-
ment of the gluteus maximus, 5. The crista of the ilium. 6. The anterior
superior spinous process of the ilium. 7. The anterior inferior spinous pro-
cesg. 8, The posterior inferior siﬁnaus process. 9. The postenior superior
spinous process.  10. A notch, which forms part of the sacro-sciatic noteh,
11. The horizontal branch of the pubes. 12. The ilio-pectineal eminence,
13. The surface of the pubes, which goes to form the symphysis. 14. The
angle of the pubes, 15. Its descending ramus. 16. The body of the
ischium. 17. A groove for the obturator externus. 18, Line to which the
quadratus femoris is connected. 19. The spine of the ischium. 20. A
smooth cartilaginous surface on which the obturator internus turns.  21. The
tuberosity of the ischium. 22. Ramus of the ischium. 23. The acetabu-
lum. 24. The brim of the acetabulum. 25. The notch of the acetabulum.
26. The depressed non-cartilaginous part of the acetabulum. 27. The obtu-
rator foramen.

ties; thus placed, and being-

i sl o
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THE ILIUM. (0s ILIUM,)

The ilium, or iliac portion of the os innominatum, con-
stitutes the upper part of the bone, where it is broad and ex-
panded ; it is situated at the superior and lateral part of the
pelvis.  Its surfaces, borders, and angles must be considered
successively.

The external surface (dorsum)', convex before, concave
posteriorly, is marked by two curved lines running from before
backwards. The superior one®, commencing at the anterior su-
perior spinous process, arches downwards to the margin of the
sacro-sciatic notch. A space, narrowed before, and wider pos-
teriorly, is included between the line just noticed, the margin
of the crista ilii, and the border of the rough surface for the
attachment of the gluteus maximus ; from this space the gluteus
medius arises. The inferior curved line® is shorter and less
strongly marked than the superior; it commences at the anterior
inferior spinous process, and inclines backward to the sacro-
sciatic notch. The space between these lines gives origin to
the gluteus minimus.  On its posterior and superior part is ob-
served a rough surface®, which gives attachment to the gluteus
maximus muscle. The internal surface of the ilium is divided
into three parts. One anterior, smooth, concave, and of con-
siderable extent, is called the tlige JSossa; the posterior one is
partly rough and uneven for the attachment of ligaments, and in
part smooth for its artieulation with the * auricular™ surface of
the sacrum ; whilst the third is smooth, much smaller than the
others, and is the only part that enters into the formation of the
true pelvis.

The superior border®, (crista ilii,) extending from before
backwards, is thick, convex, and arched ; it forms an epiphysis in
infancy, and is sometimes called the spine of the ilium, but more
properly its crest or erista ; its anterior extremity curves inwards,
the posterior outwards. This border presents an external and
internal lip (labium), and a rough interval, to each of which
muscles are attached.

The anterior border, depressed and excavated, descends from
the superior border or crista towards the os pubis, with which it
is continuous ; its junction with the crista is marked by a pro-
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minent point, called the anterior superior spinous process”;

and that with the pubes, by an obtuse elevation, common to the

two bones, called the ilio-pectineal eminence'®. This border

presents two excavations, separated by a prominent point, called
the anterior inferior spinous process’. The interval between
the latter and the ilio-pectineal eminence gives transmission to
the iliacus and psoas muscles, and that between the spinous pro-
cesses transmits the external cutaneous nerve, and gives origin to
some fibres of the sartorius muscle.

The posterior border also presents two notches, separated by
a prominent point of bone, called the posterior inferior spinous
process® ; above which is another bony eminence, called the
posterior superior spinous process®; of the notches, the in-
ferior and larger one’® contributes to form the sacro-sciatic
notch.

Of the three angles of the bone, the two superior ones corre-

spond with the spinous processes (anterior and posterior); the
inferior is represented by the constricted part of the bone. Here
we observe, besides the surfaces by which the ilium joins the os
pubis and ischium, one external, smooth, concave part, forming
a portion of the acetabulum, the deep cavity which receives the
head of the femur.

Attachments of muscles.—To the interval between the crista
and the superior curved line on the dorsal surface, is attached
the gluteus medius ; to the space between the curved lines, the
gluteus minimus; to the posterior rough surface, the gluteus
maximus ; to the internal surface, or iliac fossa, the iliacus
muscle,

To the anterior half of the external lip of its ecrista is attach-
ed the obliquus externus abdominis; to the posterior third of
the same lip, the latissimus dorsi; to the anterior two-thirds of
the interval between the lips, the obliquus internus; and to the
remainder, the erector spinz; to the anterior three-fourths of
the inner lip, the transversalis abdominis ; to the posterior fourth
of the same lip, the quadratus lumborum.

To the external surface of the anterior superior spinous pro-
cess is attached the tensor vagine femoris; to the process and
the notch beneath it, the sartorius; to the anterior inferior
spine, the straight tendon of the rectus femoris; and to a de-

S
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pression above the brim of the acetabulum, the external tendon
of that same muscle.

Articulations.—This bone articulates with the sacrum, and
Joins by bony union with the os pubis and the ischium.

08 PUBIS. (0S PECTINIS.)

The pubie bone forms the anterior and inner part of the os
innominatum ; and is divisible into two clongated portions,
(branches, rami,) connected by a more expanded part, which
may be considered the body of the bone.*

Of the rami, the superior one (fig. 55,") is thick and hori-
zontal in its direction (ramus horizentalis; crus superius,
Alb.), and presents three surfaces, separated by three prominent
lines. The superior surface, slightly depressed, is covered by
‘the pectineus muscle ; the internal is smooth, and forms part of
the pelvic cavity; the external or inferior, overhanging the
obturator foramen, and looking downwards to the top of the
thigh, is deeply grooved. The groove is directed obliquely
forwards and inwards, and marks the course of the obturator
vessels and nerve.

The external extremity of the bone is thick, and presents
three faces; one, concave, forms part of the acetabulum; an-
other, superior, connects it with the ilium (the junction being

* As the deseription here given of the pubic division of the innominate
bone differs from that contained in other anatomical works, in so far as the
Eurt named “the body™ is concerned, it is necessary to make reference

riefly to some of those works, in order to prevent misapprehension.—Monro,
Bichat, and Cloquet neither recognise the division into  rami,” nor apply
the name “body™ to any part of the bone. Albinus usually mentions the
rami under the name “crura,” and refers to them as “cornua tanquam
crura,” but he does not use the term “body;” and Scemmerring and
Blumenbach pursue the same plan, Winslow, Sabatier, Boyer, and Cruveil-
hier treat of the pubes as divisible into the two branches, and likewise mention
the horizontal branch as the body of the bone, using indifferently either term.,
Hildebrandt and Weber, and Meckel differ from the last-mentioned manner
of naming the parts only by applying the word “ body,” not to the entire of
the horizontal branch, but te its outer and thickest part, which joins with the
ilivm and ischium, and contributes to form the acetabulum —Considering
the difference thus shown to exist among anatomical authorities, and that the
central expanded part, at which the rami meet, requires some designation
(for more casy reference in the description of other struetures), while it does
not seem necessary so to distinguish the outer end of the bone, the plan pur-
sued in the text is perhaps admissible,
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marked by a rounded elevation'®, called the lio-pectineal
eminence) ; the third, inferior, is joined with the ischium.

The internal extremity, the body™, flat and compressed, is

irregularly quadrilateral in shape. In front it gives attachment
to muscles, and behind, forming part of the cavity of the pelvis,
it looks towards the urinary bladder. The inner margin of the
body is joined to the corresponding part of the opposite bone
by an intervening cartilage, the junction being termed the
symphysts pubis (sup@upi, to grow together). Leading out-
wards from the symphysis, whose direction is vertical, may be
observed another margin, nearly an inch in length, which is
placed horizontally, and named the crista. The angle fﬂrmcd
by the crista and symphysis, is termed the angle of the pubes*
the crista is terminated cxl,cmall:,r by a projecting nodule ﬂf
bone —the tuberosity or spine, from which runs outwards a
sharp line (pecten), a portion of the ilio-pectineal line, giving
attachment to Gimbernat’s ligament, and to the pectineus
muscle, and marking the margin or upper boundary of the true
pelvis. -
The descending ramus, or branch of the bone', inclines out-
wards and downwards from the body, forming an angle with it,
becomes thin, and unites with the ascending ramus of the
ischium. Its inner surface is smooth; the external is rough,
for the attachment of museles. One of its borders, thick and
rough and somewhat everted, forms with the opposite bone an
arch, called the arch of the pubes; the other border, sharp and
thin, forms part of the margin of the obturator foramen.

Attachment of muscles—To the ecrista are attached the py-
ramidalis and rectus abdominis; to the tuberosity and anterior
surface, the obliquus externus; to the pectineal line, the pecti-
neus and Gimbernat’s ligament ; to the crista, and part of the
same line, the obliquus internus and transversalis,

o the external surface, at the tuberosity, and a little below
it, the adductor longus; to the body, the adductor brevis; to
the line of the symphysis and the ramus, the gracilis; and to
the margin of the foramen, at its inner side, the obturator ex-
ternus, To the pelvic surface, part of the obturator internus
and levator ani.

S - PRS- —
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1sCHIUM. (08 COXENDICIS.)

The ischium forms the posterior and lowest part of the os
innominatum ; it consists of two parts, a body and a ramus,
united at an angle, so as to give the bone somewhat the figure of
a hook.

The body, fig. 54,'%, or larger part, short, thick, and somewhat
triangular in form, presents three surfaces or aspects, which look
in different directions; there are three borders, and two ex-
tremities, On its external surface may be observed a smooth
concave part, which forms more than two-fifths of the aceta-
bulum, and is surrounded by a curved prominent line, which
forms the lower border of that cavity ; beneath this is a groove 17,
directed horizontally backwards, corresponding with the tendon
of the obturator externus muscle ; and still lower a rough line'®,
which bounds the tuberosity of the ischium, and gives attach-
ment to the quadratus femoris. The internal surface of this
portion of the bone is smooth, and forms part of the cavity of
the pelvis. This is broad at its upper part, as it comprises the
interval between the spine or spinous process' and the margin
of the obturator foramen. Below this process it becomes
narrowed, constricted, and rounded off at its back, so as to
form a pulley-like surface®, in the interval between the spine
and the tuberosity where the obturator internus muscle winds
round its border. The posterior surface, broad at its upper
part where it comprises the space between the spine and the
margin of the acetabulum, then becomes narrowed and de-
pressed, and finally ends in a rough and rather prominent surface
bounded by well defined borders, which is the tuberosity of the
ischinm.

The tuberosity®, (tuber ischii,) thick and rounded, forms
the part on which the body is supported in the sitting position ;
to this circumstance the name of the bone has been supposed to
refer (imyeiv kalqpevous — quod sustineat sedentes).*  This
rough prominence presents three impressions upon it, corre-

* Riolanus “ In librum Galeni de ossibus, ad tyrones commentarins” &e.,
eap. 26, in *“ Oper.” p. 512—The name in the German language—Sitzbein,
or Sitzstiick—has reference to the same circumstance.
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sponding with the points of attachment of the three long flexor
muscles of the leg.

The superior extremity of the bone (if it be examined in
early life, when the bone can be detached from the ilium and os
pubis, or after a section has been made of the os innominatum,
so as to divide it into its three parts,) presents three surfaces, of
which two are flat and triangular, and mark its junction with the
ilium and os pubis; the other, concave and smooth, forms part
of the acetabulum. The inferior extremity of the body of the
bone is identified with the tuberosity.

The ramus of the ischium® is the flat, thin part, which
ascends forwards and inwards from the tuberosity, towards the
ramus of the os pubis with which it is united. One margin of
the ramus, thick, rough, and somewhat everted, forms part of
the inferior outlet of the pelvis; the other, thin and sharp,
bounds the obturator foramen : its external surface looks out-
wards and downwards, is rough for the attachment of muscles ;
the inner surface forms part of the lower circumference of the
pelvis.

Attachments of muscles.—To the outer border of the tuber-
osity and the contiguous part of the ramus, the adductor mag-
nus : to the inner margin of the tuberosity at its fore-part, the
erector penis and the transversus perinwmi; to the ramus, the
compressor urethree ; the internal obturator muscle to the pos-
terior surface of the bone behind the thyroid or obturator fora-
men ; - the external muscle of the same name to the inner margin
of the obturator foramen in front of the bone.

To the posterior surface of the tuberosity, the three flexors of
the leg, scil. the biceps, semi-tendinosus, and semi-membra-
nosus; to the rough line on the outer surface which bounds the
tuberosity, the quadratus femoris; to the external surface of the
spine, the gemellus superior; to the adjacent border of the
tuberosity, the gemellus inferior; to the spinous process, the
levator ani and the coccygeus.

Acetabulum.— At the junction of the three pieces of the os
innominatum is situated the cavity which articulates with the
head of the femur®, It is called acetabulum, also the cotyloid
or cup-shaped cavity (xorviz, a cup; EJE&;). Of this the
ischium forms somewhat more than two-fifths, the ilium some-
what less than two-fifths, the remainder being made up by the
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os pubis. It is surrounded in the greater part of its extent by
a margin or supercilium**, which is most prominent towards the
superior and external part; but at the opposite point, or to-
wards the obturator foramen, it is deficient, leaving a notch?®,
(cotyloid notch, sometimes also called incisura acetabuli). The
greater part of the cavity is covered with cartilage in the natural
condition ; but towards the notch there is a part depressed be-
neath the rest®, and which lodges the round ligament with some
synovial fringes : this has no cartilaginous coating.

When we examine the pelvis as a whole, we observe that
these articulating cavities, placed toward the lateral walls of the
pelvis, look downwards and forwards, with an inclination out-
wards, and that they rest, when the body is erect, upon the
globular heads of the thigh-bones, which they lodge. The
margin of each cavity is rough and uneven; but in the recent
state it is rendered smooth by a fibro-cartilaginous rim, which
runs round it, and increases its depth. Where the osseous
margin is deficient (at the cotyloid notch), its place is supplied
by a fibrous band, so stretched across as not altogether to fill
it up, but'rather to bridge it over, leaving a space beneath it
for the entrance of vessels into the interior of the joint.

To the inner side of the acetabulum is found, in the dried
bone, a large aperture®; which, however, in the natural con-
dition, is almiost completely closed by a fibrous membrane, It
is called obturator forkmm, (f. obturatorium, perhaps more
“properly obturatum,) from the circumstance of its being closed
by a membrane or ligament: ¥t is also called foramen thiror-
deum (shicld-shaped, dugzog, a shield), from its shape ; and not
unfrequently foramen ovale. It is somewhat of an oval form in
the male, its longest diameter being extended obliquely down-
wards and outwards; in the female it is a three-sided figure,
with rounded angles.

Ossification.—The innominate bone is formed from three
principal pieces, one for each of the divisions of the bone, and
four epiphyses, together with a thin stratum interposed between
the principal divisions of the bone at their place of junction.

Osseous matter becomes apparent in the ilium at a very carly
period,—about the time it shows itself in the vertebral column,
or soon after. It is first discernible at the lower part of this
division of the bone, immediately above the sciatic notel,
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After a considerable interval of time, and about the third
month from conception, a nucleus appears in the ischium, in
the thick part below the acetabulum. And between the fourth
and fifth months the last of the principal centres of ossification
is distinguishable in the horizontal branch of the pubes.

Fig. 55.%

At the usual time of birth the deposit of bone has extended
considerably from the primitive nuclei; but the crest of the
ilium is still largely cartilaginous, and the internal parts of the
ischium and pubes are in the same condition, bony matter
having at this period only begun to incline to the inner side of
the obturator foramen, fig. 55, a.

* Some stages of the growth of the innominate bone are here exemplified.

Figure a. shows its condition in a full-grown fetus. Ossification has ex-
tended from the primitive nuelei. But the erista ilii is largely cartilaginous ;
the pubes and ischium are in the same condition at the inner side of the obtu-
rator foramen, and a considerable cartilaginous interval separates the picees
in the acetabulum. B. This has been sketched from a preparation taken
from a child under six years of age. Bony matter, spreading over the bone,
has involved the inner side of the ischium and pubes, but the osseous parts
of their rami are still at some distance apart. c¢. The rami of the ischium
and pubes are joined ; o cartilaginous v-shaped interspace is apparent in the
acetabulum, », This figure is from the body of a person aged about twenty
vears, Union has taken place in the acetabulum, and the epiphyses are
fully formed.

1. Ilium. 2. Ischium. 3. Pubes. 4, v-shaped piece. (Thisisa ?IML
In the preparations of my colleetion this formation oceurs in several frag-
ments, which together would constitute a picce of this kind.) 5. Epiphysis
of the erest of the ilium. 6. That for the tuber ischii., 7. For the pubes.
8. For the anterior-inferior spine of the ilium.
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About the sixth year after birth the rami of the ischium and
pubes are nearly altogether ossified, (fig. 55, »,) and they soon
after join (c).

The three divisions of the bone approach one to the other in
the acetabulum, by the extension of the ossific process from the
primary nuclei (fig. 55, A. B. ¢.); and about the thirteenth or
fourteenth year a distinct deposit of bony matter is observable
in the cartilage which separates them in this situation. The
added formation may occur in a single mass (I have hitherto
found it to consist of several fragments); and, from the shape
it necessarily assumes, it is named the v-shaped piece. The
union, therefore, of the ilium, ischium, and pubes occurs through
the medium of the interposed piece or pieces now described,
and it takes place after the usual time of puberty; the two first
named joining in the first instance.

About the age of puberty epiphyses begin to make their ap-
pearance as follows :

a. On the crest of the ilium reaching over its whole length (p?).

b. In the anterior-inferior spine of the same part (n®). This
epiphysis is not constant ; it is said to occur more frequently in
the male than the female.

¢. The tuberosity of the ischium becomes covered by a broad,
curved crust, which reaches upwards some way in a pointed form
on the ramus (p°). '

d. Lastly, the inner margin of the pubes receives a small
epiphysary plate (p7), which is stated by Béclard to be present
more frequently in the female than the male skeleton.

The epiphyses are all joined to the bone about the twenty-
fifth year.

THE PELVIS.

The pelvis, or basin-shaped cavity, which is made up of the
ossa innominata, the sacrum, and coccyx, deserves to be atten-
tively examined, not merely as to the details of the parts which
eompose if, but as to its general conformation.

The external surface.— Taking the objects which are de-
serving of notice on the external surface, from before backwards,
and beginning at the median line, we observe the symphysis
pubis, or the line of junction between the two bones of that
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name ; its direction is vertical, its depth greater in the male
than in the female ; beneath it is an angular space, the pubic or
sub-pubic arch, bounded by the rami of the ossa pubis and
ischia at each side. On each side of the arch is the thyroid ox
obturator foramen above noticed, and still more laterally the
acetabulum, above which rises the broad convex part of the
ilium (dorsum ilii).  Posteriorly, along the middle line, are
situated the tubercles or spinous processes of the sacrum ; ex-
ternal to these, the posterior sacral foramina, and next, a broad,
unequal surface, to which the sciatic ligaments and gluteus maxi-
mus are attached ; and lastly, the large, deep excavation (sacro-
sciatic notch), bounded by the margins of the sacrum and os
innominatum.

The internal surface is divided into two parts by a prominent
line (ilio-pectineal) leading from the tuberosities of the ossa
pubis, outwards and backwards, to the prominent point of the
sacrum ({he promontory). This constitutes the margin or brim
or inlet of the true pelvis, all the part above it being called the
JSalse pelvis ; as in reality it belongs to the abdomen.

The superior circumference of the false pelvis is formed on
each side by the crista ilii; posteriorly may be observed a deep
notch, which is divided into two parts by the base of the sacrum,
and anteriorly (in the interval between the anterior-superior
gpinous processes of the ilia) the margin of the bone subsides,
50 as to present a deep exeavation, which in the natural condi-
tion is filled up by the soft parietes of the abdomen. Along
this margin are placed the anterior-inferior spinous processes of
the ilia, the ilio-pectineal eminences, the spines or tuberosities
of the ossa pubis, with their eristz and angles. The inferior
circumference or outlet of the pelvis presents three bony emi-
nences (the tuberosities of the ischia on the sides, and the sacrum
and coccyx behind in the middle line), which are like-so many
promontories, separated by deep excavations. The anterior of
these (pubic arch), triangular in its form, is bounded on each
side by the rami of the ischia and ossa pubis, extending up-
wards and inwards from the tuberosities of the ischia to the
symphysis pubis. The two other notches (sacro-sciatic) are
placed behind and above the tuberosities, and correspond with
the interval between the sacrumn and os innominatum. When
examined in the dried bones, their extent is considerable ; but

—
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in the natural condition they are divided into lesser spaces by
the sacro-sciatic ligaments,

Obliquity of the pelvis.—In the erect attitude of the body,
the direction of the pelvis is so oblique (fig. 56,) that the ante-
rior wall (pubes) looks towards the cavity upwards as well as
backwards, and the posterior wall (sacrum and coceyx) is directed
downwards and forwards. At the same time, the upper and lower
apertures are inclined forwards. The base of the sacrum? is con-

Fig. 56.%

siderably higher than the upper margin of the symphysis of the
pubes’; the extent varies in different cases, but in a large
number of well-formed female bodies it has been found by
M. Naegle to be three inches and nine or ten lines. The
point of the coceyx is stated by the same observer to be—
taking the average of a large number of cases—seven or eight
lines higher than the inferior margin of the symphysis of the
pubes.t—The obliquity of the pelvis is considerably greater in
the feetus and in young children than in the adult.

* A vertical section of a female pelvis made through the symphysis of
the pubes and the middle of the sacrum, and showing the left intur:ﬂ half ;
(reduced from Naegle’s figure). 1. Symphysis of pubes. 2. Base of sacrum,
3. Coceyx. 4. Anterior-superior spine of ilium. 5. Tuberosity of ischium,
6. Spine of ischium.

T M. Naegle made observations on five hundred healthy females who
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Auxis of the pelvis.—In determining the line which would be
equally distant from the inner surface of the pelvis on all

sides, it will be unnecessary to dwell on the lateral walls,
inasmuch as these resemble one another exactly, and the
middle point does mot in any degree deviate to either side
in the whole extent of the cavity. But there is so much
difference between the anterior and posterior walls,—the one
1)1 to 2 inches in length, and oblique in direction, the other
about 5 inches long, likewise oblique and much curved,—that
the axis must be differently situated at different positions. It

had borne children without the occurrence of unwonted difficulty : one |
hundred and forty-nine of the number were tall persons, fifty-seven of short
stature, and the remainder were of middle height ; and he found
That the point of the coeeyx was higher than
the inferior margin of the symphysis pubis (the

upper rmglu of the pubie urﬂhj in . ¥ : . 454
That it was lower than the same }mim in .2
And that it was on the same level in . . . 20

The maximum of elevation of the point of the coceyx above the apex
of the arch of the pubes was twenty-two lines, and its maximum of de-
pression below the same point nine Imes. The average of all is stated in
the text.—* Das weibliche Becken,” &e. Carlsruhe, 1825,

* A vertical section in outline of the pelvis at its middle, with lines
indicating the axis of the pelvis and a horizontal line below the figure.
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is for this reason that several axes or axes for several parts are
recognized ; viz., one for the inlet to the true pelvis, another
for the outlet, and another again for the intervening space, the
cavity ; and each of these requires some notice.—It must be
premised that the direction of the axis at any point of the
cavity will be marked by a line running at right angles with the
middle of the plane of that part.

The axis of the inlet of the true pelvis.—The plane of
the true pelvis will, in the section of the cavity, (fig. 56,)
be represented by a line drawn between the base of the sacrum
and the upper margin of the pubes, (fig. 57, @, 4,) and a line at
right angles with its middle, ¢, d, will give the direction of the
axis. The axis of this part is therefore directed downwards and
backwards, and it is usually said to coincide with a line drawn
from the umbilicus to the lower part of the sacrum ; and this is
not far removed from correctness, for M. Naegle found that in
the average of a large number of female pelves the lower end of
such a line would fall against the coccyx (below the middle).
As regards the axis of the outlet : it is indicated by the line &, g,
at right angles with the middle of e, f, which represents, in the
section, the plane of this part of the cavity., It is, therefore,
directed downwards and forwards; and, if extended into the
cavity, would cross an extension of the axis of the inlet. When
the coccyx is moved backwards, this axis undergoes a correspond-
ing alteration, as indicated by the dotted lines behind 4.

The cavity of the pelvis being much curved, so likewise
must its axis be; and for general purposes it will be suffi-
ciently correet to say that, beginning with the axis of the
inlet, and following the curve of the sacrum and coceyx in
the middle of the cavity, it will terminate in that of the out-
let—in the course of the curved line between d and 4.*

It is to be borne in mind that the foregoing observations
have reference to the pelvis in the skeleton, its osseous bound-
aries only being considered, To prevent any misapprehen-
sion, it may be well to add, even here, concerning the pelvis of
the female (in respect to whom the direction of the cavity is

* The exact course of the line may be determined by finding the axes
of different parts at very short intervals, from above downwar 8, through
the cavity, on the principle alreadyreferred to, and drawing a line through
them.
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of especial practical importance), that in the natural state, the
bones being clothed with soft parts, there is a difference which
Direction of mainly affects the outlet. In that (the natural) condition,
outlet nble the anterfor wall is not materially altered, but the posterior
parts, one is elongated at the lower end, the sacrum and coceyx
being continued forward by the perinseum. And therefore
the axis of the real outlet is situated much further forward
than the position assigned to it in the osseous cavity alone.
Difference The size and conformation of the pelvis differ very remark-
RS kel ably in the two sexes. In the female the bones are thinner,
more smooth on the surface, the muscular impressions being
less strongly marked, and, though its perpendicular depth is
less, its breadth and capacity are greater. The ale of the iliac
bones are more expanded ; the upper aperture is more nearly
circular, the projection of the sacrum less perceptible ; and
the space between the tuberosities of the ischia greater. The
depth of the symphysis pubis is less in the female than in the
male, whilst the breadth of the pubic arch is greater.
. Measure- The different dimensions of the male and female pelvis are

Ef&‘:a qﬂid stated as follows, by Meckel, Cloguet, and Burns :—

female,

e

MECEEL. Croauver.| Burxs.
otz et | . | e
inch. lines.| inch, lines. | inch. lines.| inch. lines
Between the anterior-superior qpiuuuq
processes of the ilia - i 8 g8 6 |10 0 | 10 O
Between the middle points of the eris-
tze of the ilia % : H A I I g 4 1143 11 '1
The transverse diameter 4 6 5 0 E 6 5 6
The oblique . ; of the inlet 4 5 4 5 4 7 5 5
The antero-posterior . 4 0 4 4 i 4 4 0
The transverse diameter 4 0 4 B - s
The oblique . .  >of the cavity 5 0 b 4 -— —
}'Ilm antero-posterior . - g g -i g 4—4 d—“
1e transverse . . |
The antero-posterior . } of the etk 3 8 4 4 4 4 4 0

The last may be increased to five inches in consequence of the mobility of the
COCCYX.

a” &

Diminutive In the feetus and young children the capacity of the pelvis is
Bl AN

greater ob-  YOrY small, and, at the same time, those viscera, which may be

]lqll.m],r of said to belong to the pelvis, lic chiefly in the-abdomen. The
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early life. obliquity of the cavity is greatest in early life.
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BONES OF THE LOWER EXTREMITY.

The lower extremity is made up of three parts;, the thigh,
leg, and foot.

The osseous part of the first consists of one bone—the
femur; that of the leg, of two—the tibia and fibula. The
adjacent extremities of these, together with the patella (a sort
of sesamoid bone), form the knee.

The foot is composed of three parts; the tarsus, metatarsus,
and phalanges.

THE FEMUR.

The femur or thigh-bone, fig. 58, (os fe-
moris,) the longest and largest bone of the
skeleton, is situated between the pelvis and
the tibia. In the erect position of the body,
its general direction is not vertical; it gra-
dually inclines inwards towards the lower part,
so that the bones of opposite sides, though
separated at a considerable distance where they
are connected with the pelvis, approach each
other inferiorly, and come nearly in contact.
The degree of this inclination varies in different
persons, and is more marked in the female
than the male. The femur presents a central
part or body, and two extremities.

The body, ', or shaft, as it is sometimes
called, compressed, but nearly cylindrical to-
wards the centre, and at the same time slightly
convex or arched forwards, is expanded supe-
riorly and inferiorly. Its anterior surface, con-
vex and smooth, is broader towards the lower
than the upper extremity. Both its lateral
surfaces are compressed and somewhat flat
but it may be observed that the external is

* A front view of the femur of the right side. 1. The shaft, 2. The
great trochanter. 3. The small trochanter. 4. The neck. 5. The hend.
6 is nbove the trochanteric fossa. 7 is said to mark the external condyle,
8. The articular surface of the external condyle. 9. A pit for the tendon of
the popliteus muscle. 10. The external tuberosity, 11. The internal
condyle. 12. The internal tuberosity.
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somewhat concave : it affords attachment to the vastus externus
muscle. The surface, which superiorly looks inwards, is, in the
lower third of the bone, inclined somewhat backwards, and
gives attachment to the vastus internus. The anterior surface
is separated, though not in a very marked degree, from the
lateral surfaces by two lines, which may be traced upwards
from the condyles, towards the superior extremity of the bone;
but posteriorly, at the union of the two lateral surfaces, is a
rough and prominent line ({inea aspera), which gives attachment
to several muscles.

The linea aspera is most prominent towards the centre of
the bone, and, when examined with attention, presents two

margins and a rough interstice, each giving attachment to -

muscles. Above and below the centre, it subsides as it were
towards the extremities, and also becomes bifurcated. The
two superior divisions or branches of the line terminate, the
one (internal and somewhat shorter) at the lesser trochanter ;
the other, external, at the greater trochanter; in the course of
the latter a rough and often strongly-marked ridge exists, which
gives insertion to the gluteus maximus. The inferior divisions
spread more asunder, and terminate at the condyles, enclosing
between them and the margins of these prominences, a flat
triangular portion of the bone, which corresponds with the
popliteal vessels. Towards the superior part of the linea aspera
may be observed a foramen directed from below upwards, which
transmits the medullary vessels.

At the superior extremity of the bone is placed its neck,
which is directed upwards and inwards, so as to form an obtuse
angle with the body or shaft; at its point of union with the
latter are two eminences (trochanters), one the larger on the
outer, the other on the inner side; it is from between these
that the neck arises.

The trochanter major® is prolonged from the external sur-
face of the body of the bone, and nearly in a line with its axis.
This apophysis, quadrilateral in its form, is convex and rough
on its external surface, which is marked by a line- directed ob-

liquely downwards and forwards for the attachment of the glu-

teus medius ; the internal surface, of less extent, presents at its
base a pit", (trochanteric or digital fossa,) which receives the
external rotator muscles ; its superior, or terminal border, is fat

P
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and straight, and the posterior thick and rounded. At the pos-
terior aspect of the great trochanter may be observed an oblique
and prominent line, directed downwards and inwards, and ter-
minating in the trochanter minor. ’

The trochanter minor®, a conical rounded eminence, pro-
jects from the posterior and inner side of the bone, and gives
attachment at its back part to the tendon of the psoas and
iliacus muscles.

The neck of the femur®, which is so named from its constriet-
ed appearance and supporting the head, forms an obtuse angle
with the body of the bone; it is compressed from before back-
wards, so that its diameter in this is much less considerable than
_in the vertical direction, in which greater power of resistance is
required, for sustaining the weight of the body; its anterior
surface is broad and smooth ; the superior, inclined upwards, is
short and somewhat concave ; the inferior is the most extensive.
The union of the neck with the rest of the bone is marked by
the trochanters and two intervening oblique lines, (inter-trochan-
terie,) of which, the anterior one is rough, and but slightly
prominent ; the other, situated posteriorly, forms a smooth pro-
Jecting ridge, which overhangs the trochanteric fossa.

The neck is surmounted by the globular Aead®, which forms
a considerable segment of a sphere, is tipped with cartilage in
the fresh state, and lodged in the acetabulum. A little be-
neath its most prominent point is a small cavity, which gives
attachment to the round ligament.

The inferior extremity of the bone, much thicker and broader
than the superior, is terminated by two eminences, separated
posteriorly by a deep fossa; these are named condyles, of which
one is internal, the other external.

The external condyle?, is larger, and projects forwards more
than the internal : its articulating surface also is broader, and
mounts higher up anteriorly ; its external surface, rough and un-
equal, presents a deep pit?, inferiorly, which gives attachment
to the tendon of the popliteus muscle ; and immediately above
it, a projection', (external tuberosity,) which gives attach-
ment to the external lateral ligament of the knee-joint.

The internal condyle" appears longer, and also to descend
lower down than the other; but this is rather apparent than
real, for, by means of the obliquity of the shaft of the bone,
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both condyles are brought to the same plane. The internal
condyle presents at its inner side e tuberosity'®, which gives
attachment to the internal lateral ligament of the knee-joint
and the tendon of the adductor magnus.

The articular surfaces of both condyles, covered with carti-
lage in the fresh state, are united anteriorly where they form a
pulley-like surface®, concave from side to side, on which the
patella glides, Inferiorly, these surfaces diverge as they pass
backwards, and, when they terminate at the posterior surface of
the bone, are separated by a considerable interval (the inter-
condyloid fossa).

Articulations. — The femur articulates superiorly with the
acetabulum ; by its condyles with, inferiorly, the tibia, and,
anteriorly, the patella.

Attachments of muscles.—To the anterior surface, the crureus
and the sub-crureus; to the two lateral surfaces and to both
lips of the linea aspera, the vastus internus and externus: to
the centre of that line, the adductors and the short head of the
biceps flexor; to the outer surface of the trochanter major, the
gluteus medius ; to the anterior part of its upper border, the
gluteus minimus ; to the fossa, at its posterior surface the other
external rotators ; to the posterior part of the same border, the
pyriformis; to the posterior part of the lesser trochanter, and to
a small portion of the line below it, the tendon of the psoas and
iliacus ; to the line descending from the great trochanter; pos-
teriorly, the quadratus femoris; to the line below the lesser
trochanter, the pectineus ; to the rough impression beneath the
great trochanter, the gluteus maximus ; just above the inner and
the outer condyle, the corresponding heads of the gastrocnemius ;
above the external condyle, the plantaris; to the fossa beneath
the external tuberosity, the popliteus.

Ossification.—The femur begins to ossify before the verte-
bree, and the process is first apparent at the middle of the shaft.
From the osseous ring formed in this position, the ossifica-
tion extends towards both ends, ultimately involving the shaft
and neck of the bone (fig. 59). As it advances on the last-
named part (the neck), osseous matter will be found first on its
lower surface (8. c.).

Epiphyses.—The first of these additional centres of ossifica-
tion appears in the lower end of the bone (m.%), in the last
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month of feetal life, and from it the entire of the lower extre-

mity of the femur (including both the condyles and tuberosities)
is constructed (c. ». £.%).

Fig. 59.*

In the end of the first year after birth a nucleus is discernible of head;
in the head (c.?), and the ossification radiates from it over the
globular end of the bone (c. p. £.%).

The trochanters are distinct formations. Ossification begins of trachan-
in the larger (p.?) in the course of the fourth year,t and it does (™4
not show itself in the smaller till a considerably later period—
the thirteenth or fourteenth year (£.%).

Consolidation.—The order in which the epiphyses are joined Epiphyses

to the rest of the bone is the reverse of that in which they -llﬁlv”ﬂ';‘c“‘“

order of
their ap-
* Suceessive stages of the growth of the femur are shown in these figures, pearance.
uF to the time when the union only of the parts iz wanting to the rmnuﬁutiun
of the bone.
A. Ussification has extended from the primitive centre over the shaft of the
femur. The preparation was taken from the body of a fetus of eight
months. #. A nucleus is apparent in the interval between the condvles,
This illustrates the condition of the bone in a full-grown fistus. o, A granule
is added in the head. ». One is present in the great trochanter, and . in the
smaller trochanter,

1. The shaft. 2. The lower extremity. 3. The head. 4. The great
trochanter, 5. The small trochanter.

t In the thigh-bones taken from the body of a child, stated with correct-
ness (as well as could be judged) to have been three years and a half old, 1

found at the base of cach great trochanter a granule of bone equal in size to
half a common pea.
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appear : the small trochanter joins first, the great trochanter
follows next, then succeeds the head, and lastly the lower
epiphysis, whose ossification was the first to begin, ceases to be
a separate piece. The bone is complete by the union of its
parts after the twentieth year.

THE PATELLA.

The patella (rotula, knee-pan,) is situated at the anterior
part of the knee-joint, being attached by a ligament (ligamentum
patellz) to the tibia, so that its position with regard to the joint
varies according to the movements of that bone. Compressed
and somewhat triangular in its form, its anterior surface is con-
vex, and covered by the expanded fibres of the extensor tendons ;
the posterior, smooth and covered with cartilage for its articula-
tion with the condyles of the femur, is divided by a vertical line
into two parts, the external being the broader. Beneath these
is sitnated a small irregular depression, corresponding with the
apex, or narrowest part of the bone, which gives attachment to
the ligamentum patelle. The superior extremity, broad and
rounded off at its margin, gives attachment to the extensor
muscles ; the inferior, narrow and pointed, to the ligament
already named; the lateral borders are convex, the external
being thinner than the internal. -

The patella is ossified from a single centre, which, according
to Béclard, is apparent in the middle of the third year.

THE TIBIA.

The tibia, next to the femur, is the longest bone in the skele-
ton ; situated at the anterior and inner side of the leg, it alone
receives from the femur (under which it is placed vertically) the
weight of the trunk, and communicates it to the foot. Like
the other long bones, it is divided into a body and two ex-
tremities.

The superior extremity, fig. 60," much thicker and more
expanded than any other part of the bone, (being proportioned
in size to the lower extremity of the femur,) is broader from
side to side than from before backwards; its circumference is
somewhat rounded and convex in front and at the sides, but
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slightly hollowed posteriorly; at the fore-part,
a little below the head, is situated an eminence®,
sometimes called the anterior tuberosity, more
properly the tuberele, which is somewhat rough
at its lower part, for the attachment of the liga-
ment of the patella, and smooth superiorly, where
it corresponds to a small synovial bursa, inter-
vening between that ligament and the bone. On
the sides, and above this, are two rounded emi-
nences (tuberosities), the external one® being
somewhat smaller than the other®, and marked
posteriorly by a flat surface, which articulates
with the head of the fibula; these processes give
attachment to the lateral ligaments of the knee-
joint. On the superior aspect of this portion of
the bone may be observed two concave cartilagi-
nous surfaces®®, (condyles,) which sustain the
condyles of the femur; the internal one is some-
what the deeper; its greatest diameter is from
before backwards; the external one is nearly circular. In the
interval between the articular surfaces is situated a pyramidal
eminence’, the summit of which is usually divided into two
tubercles ; it is named the spine or spinous process of the tibia ;
before and behind this are two irregular depressed surfaces,
which give attachment to the crucial ligaments and to the semi-
lunar cartilages.

The lower or tarsal extremity of the bone is much smaller
than the upper, and nearly quadrilateral in its form; the ante-
rior surface, convex and smooth, is bounded below by a slightly
rough margin which gives attachment to the anterior tibio-tarsal
ligament ; the posterior is flat, and slightly marked by a groove
for the flexor longus pollicis; the external, slightly concave, is
rough superiorly, for the attachment of the transverse ligament,
and smooth below, to receive the extremity of the fibula. From
the inner border of this end of the bone projects downwards a
triangular apophysis®, the internal malleolus; the inner surface
of which is convex, and covered merely by the skin, the external
is smooth, and articulates with the side of the astragalus; the
anterior forms a rounded border, whilst the posterior is marked
by two grooves for the tendons of the tibialis posticus, and

M

Anterior
and lateral
tuberosities.

Lower ox-
tremity ;
is quadri-
lateral.

Malleolus;
is suhcuta-
neous.

Giroove he-
hind for
tendons.



Artic. sur-
fuce hins twa
parts,

Shaft.

Ttasurfaces;

internal is
subcutane-
OlE 3

posterior,
line for
popliteus,

Medullary
foramen.

Borders;

the spine;
is subeuta-
e,

162 TIBIA.

flexor longus digitorum ; to the most dependent part of the
process is attached the internal lateral ligament. The lower
articular surface of the tibia% or that part which enters into -
the formation of the ankle-joint, consists of two parts, one ver-
tical, just described as being situated at the outer side of the
malleolus ; the other horizontal in its direction, concave and
quadrilateral in its form, divided into two parts by a slightly
raised line ; of these two surfaces, which are united at a right
angle, and tipped with cartilage in the fresh state, the latter
rests on the dorsum of the astragalus, the former is applied to
its inner flat border.

The body or shaft of the tibia, triangular in its form, dimi-
nishes gradually in size for about two-thirds of its length, after
which it increases somewhat towards its lower extremity. The
internal surface™ is convex and subcutaneous, except at the
upper part of its extent, where it is covered by the tendons of
the sartorius, semi-tendinosus, and gracilis muscles. The ex-
ternal surface, slightly hollowed above, where it gives origin
to the tibialis anticus, is convex, and somewhat inclined forwards
below™, where it is covered by the extensor tendons. The pos-
tertor surface is very deeply seated ; not so uniform in its out-
line as the others, it is marked at its upper third by a line ex-
tending upwards and outwards to the external tuberosity; the
part above this is triangular, and gives attachment to the popli-
teus muscle; that below it to the tibialis posticus and flexor
digitorum ; and from the line itself arises the soleus. Near this
line may be observed a medullary foramen of large size, whose
direction is from above downwards.

The surfaces here indicated are separated by an equal number
of borders. The anterior border', more or less sinuous in
direction, sometimes considerably curyed, is for the most part
subcutaneous ; sharp and prominent, especially towards the
middle, and hence named the erista or spine of the tibiaj it
subsides towards the lower end of the bone, as if to allow a
smooth surface for the passage forwards of the vessels and mus-
cles, which superiorly are placed on the outer side. The inner
border, thick and rounded, gives attachment to the solens and
flexor longus digitorum ; whilst the external™, somewhat sharp,
divides inferiorly into two lines, which diverge towards the sur-
face of articulation with the fibula. The inter-osseous ligament
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is inserted into this external border. The body of the tibia is
slightly twisted, so that the internal tuberosity inclines a little
backwards, and the internal malleolus forwards, which confor-
mation deserves attention in the diagnosis and adjustment of
fractures.

Articulations. — The tibia articulates with the femur, the
fibula, and the astragalus.

Attachments of muscles.— To the external surface and ex- Muscular
ternal tuberosity, the tibialis anticus; to the latter also, the :::“““ll:
head of the extensor longus digitorum ; to the inner surface,
the sartorius, gracilis, semi-tendinosus, and semi-membranosus ;
the popliteus to the triangular space on the posterior surface;
the soleus, tibialis posticus, and flexor longus digitorum to the
rest of its extent, and, through the medium of the patella and
its ligament, it may be said to give insertion to the extensors of
the leg.

Ossification.—The tibia is formed from one principal centre Ossification.
of ossification and two for epiphyses. The process begins at
the middle of the bone, about the same time as in the femur,—

M. Cruveilhier mentions a case in which it preceded that
bone,—and from this point extends over the shaft (fig. 61,").

Fig. G1.*

= —

* A, This figure represents the state of the tibia some time before the nsual

eriod of birth. The shaft is ossified, the ends of the bone are eartilaginous.

}n B. (taken from a full-grown feetus) the osseous centre of the upper epi-
M 2
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Epiphyses.—A small osseous nucleus is apparent in the
upper extremity of the tibia in the full-grown feetus (or, accord-
ing to most authorities, in the first year after birth+) (. c.%); and
the epiphysis when fully formed is flat, with a thin pointed
elongation in front for the anterior tuberosity of the bone (p.?).

In the second year osseous matter is manifest in the cartilage
of the lower extremity at its middle, and it extends from this as
a centre over the entire of that part of the bone, including the
malleolus.

The epiphyses join the shaft between the eighteenth and the
twenty-fifth year; the inferior preceding the other by a con-
siderable time (D).

Peculiarities are occasionally met- with in the manner of the
ossification of the epiphyses. I have observed a separate nucleus
in the tongue-shaped process of the superior one (E.°*); and
Béclard has recorded an example of the malleolus being formed
from an independent centre.

THE FIBULA.

This bone (fibula, peroné, wzsovz, a clasp,) is situated at the
external side of the leg ; it is nearly equal to the tibia in length,
but is much more slender. When the fibula is placed beside
the tibia in its natural position, its lower extremity will be
found a little farther forward than the upper one, and its shaft
inclined backwards and a little inwards so as to be convex in
that direction.

The body or shaft of the bone, irregularly triangular in its
form, presents three prominent lines bounding three surfaces ;
the anterior, (fig. 60,'°) or most prominent line, gives origin to
muscles in the superior part of its extent, and bifurcates towards

physis is diseernible ; and in c. that of the lower one is added. p. The lower
end of the bone has been completed by the junection of the epiphysis, the
upper one is still separable, E. There is in this case a second centre for the
superior epiphysis.

1. The sﬁ'm}t. 2. The superior epiphysis. 2%, A second granule for the
same. 3. The inferior epiphysis.

* Albinug, Béelard, Cruverlhier, and others, date the commencement of
ossification in this epiphysis in the first year after birth. But Nesbitt and
Meckel state that Eun]r matter is present at the usual time of birth, and I
Im}'c found it so in two cases, while engaged in preparing these sheets for the
printer. This difference respecting a fact so easily ascertained suggests the
probability that the period actually varies,
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its lower extremity, so as to enclose a slightly concave triangu-
lar surface®, which is subeutaneous; the internal one also
gives attachment to muscles, and inferiorly, where it inclines
forwards, to the inter-osseous ligament. The internal surface',
looks backwards for about a third of its extent, and somewhat
forwards in the rest, and is divided, but unequally, into two
parts, by a slightly marked lengitudinal line, to which the inter-
osseous ligament is attached for about two-thirds of its length ;
the part of the surface behind this is grooved,—it gives attach-
ment to the tibialis posticus muscle; the anterior portion, the
smaller, to muscles placed in front of the leg. The external
surface'®, concave in the greatest part of its extent, gives origin
to muscles,—towards its lower extremity, this surface is inclined
backwards, conforming with the peronei muscles, which are con-
nected with the superior part of the bone, and incline in that
direction to pass behind the external malleolus. The posterior
surface, convex and smooth, affords attachment to muscles, and
presents towards its middle a small foramen, directed obliquely
downwards for the transmission of the medullary vessels; in the

Jower part it inclines inwards, and is terminated by a rough sur-

face connected with the tibia.

The superior extremity of the bone™, called also the head, is
smaller than the inferior one ; it presents on the supero-internal
part a small oval and nearly flat surface, for its articulation with
the corresponding part of the external tuberosity of the tibia ;
the remainder is unequal, and gives insertion to the biceps flexor
cruris, to the external lateral ligament of the knee-joint, and to
those which connect the tibia and fibula. The inferior or tarsal
extremity® forms the external malleolus, which is longer and
more prominent than the internal one: in front it projects
rather abruptly forwards; behind is situated a shallow groove
traversed by the tendons of the peronei muscles ; the outer side
is convex and subcutaneous ; the inner presents a small triangular
surface, convex in the perpendicular, and nearly plain in the
antero-posterior direction, which articulates with the astragalus,
and is bounded posteriorly by a rough depression, affording
attachment to the transversd ligament of the ankle-joint, whilst
the apex gives origin to the external lateral ligament.

Articulations, — The fibula articulates at both extremities
with the tibia, and at the inferior one with the outer border of
the astragalus.
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Attachments of muscles.— The internal surface, by its an-
terior portion, to the extensor communis digitorum, extensor
proprius pollicis, and peroneus tertius; by the depression on
its posterior part, to the tibialis posticus: the external surface,
to the peronei; the posterior surface, to the soleus and flexor
longus pollicis ; its head, to the biceps flexor cruris.

T'he ossification of the shaft of this bone occurs a little later
than that of the tibia. Both ends are cartilaginous at the ordi-
nary time of birth (fig. 62. a.)

Fig. 62.%
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The epiphyses are likewise formed after those of the tibia.
Their ossification begins with the lower one, in which an osseous
granule appears in the second year (1.°) ; and a commencement
of the process is discernible in the upper epiphysis, between the
third and the fourth year (c.%).

Consolidation.—Contrary to the order which prevails in the
union of the parts of the femur and the tibia, that epiphysis of
the fibula which is the first to take on the osseous state, namely,

* A. The preparation from which this figure has been drawn was taken
from the body of a feetus arrived at the usual period of birth. The shaft is
ossified, and the ends of the bone remains cartilaginous. ». A nuclens has
appeared for the lower epiphysis. . That of the upper one is added.  (When
the upper epiphysizis ossified to this extent, the lower one is more advanced
than is here represented.) », The lower end of the bone is complete, the
superior epiphysis being still separable.

1. The shaft. 2. The lower epiphysis. 3. The upper one.
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the lower and larger one, is at the same time the first to join the
shaft of the bone (p). The parts appear to unite somewhat
later than in the tibia; the consolidation is complete between
the twentieth and twenty-fifth year.

BONES OF THE FOOT.

The foot is composed, like the hand, of three parts, viz. the
tarsus, metatarsus, and toes; their upper and under aspects are
shown in fig. 63 and 63*. These parts will in the first place
be described separately, and they will then be reviewed in their
connection one with the other, constituting the frame-work of

the foot.
TARSUS.

The tarsus is composed of seven bones, viz. the os caleis,
astragalus, cuboid, scaphoid, and three cuneiform.

THE CALCANEUM.

This bone, fig. 63, (os calcis—calcaneum,) is situated at the
posterior and inferior part of the tarsus, and
forms the heel by its projection backwards ; Fig. G3.
elongated in that direction, and compressed
laterally, it is the largest of the bones of
the foot.

Superiorly it presents (taking the objects
successively from behind forwards) a con-
cave portion’, intervening between the in-
sertion of the tendo Achillis into its poste-
rior border, and the surface which articulates
with the astragalus; then the last-named sur-
face, which is bounded by a rough depres-
sion for the insertion of a ligament (inter-
osseous), and lastly a narrow concave sur-
face, which also articulates with the astraga-
lus.  On the inferior surface, which is nar-
rower than the preceding, and broader be-
hind than before, are observed posteriorly
two tubereles® ®, (the internal being the
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larger,) serving for the attachment of the
plantar fascia and the superficial plantar
muscles ; between them a depression for
the origin of the long plantar ligament, and
in front another eminence®, giving attach-
ment to the inferior ligament (calcaneo-
scaphoid) connecting this bone with the
scaphoid. The anterior surface, the small-
est, is slightly concave, and articulates with
the cuboid bone. The posterior surface,
convex, forms a rough projection inferiorly,
(tuber caleis,)® which receives the attach-
ment of the tendo Achillis, and is con-
tinued into the tubercles on the lower sur-
face of the bone®?, more especially the
inner one. The upper part of the posterior
surface®, less prominent and smooth, is, in
part, separated from the tendo Achillis by
a synovial bursa. The external surface, nearly flat, broader
behind than before, presents in the latter direction superficial
grooves”, for the tendons of the peronei muscles, and is
subcutaneous in the rest of its extent. The inner sur-
Jace®, deeply concave, is traversed by the plantar vessels
and nerves, and the tendons of the flexor muscles. At the
anterior and upper part of this surface is a prominent pro-
cess, which deepens the concavity; it is grooved beneath? for
the tendon of the flexor longus pollicis, and above contributes
to form the concave articular surface which supports the fore-
part of the astragalus, and hence the name ¢ sustentaculum
tali” applied to it.{

The calcaneum articulates with the astragalus and the cuboid
bone.

THE ASTRAGALUS. (TALUS.)

The astragalus (eorpuyaios, a die,) is situated at the supe-
rior part of the tarsus; its form is irregular; it appears as if
twisted on itself.

The upper surface presents, in front, a rough and slightly

T Or “ sustentaeulum cervicis tali,”’—¢ Albini de sceleto liber,” p. 302-4.
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excavated part'®, serving for the attachment of ligaments; and
behind it a large convex cartilaginous surface '', which is longer
and more prominent on the outer than on the inner side, broader
before than behind, and articulated with the lower extremity of
the tibia. On the outer and inner sides are situated two
smooth surfaces' ', (the former the larger,) which are continu-
ous with the preceding, and articulated with the inferior ex-
tremities of the tibia and fibula (the malleoli). On the inferior
surface are observed, in front and somewhat internally, a narrow
convex surface, and behind, a broad concave one, both articu-
lating with the os calcis ; these are separated by a groove, which
receives the lignment that proceeds upwards from the last-named
bone. The anterior surjface'*, convex, is received into the
hollow in the scaphoid bone ; it is called the fead, and the con-
stricted part by which it is supported, the neck of the astragalus.
The posterior surface, or rather border, is grooved and traversed
by the tendon of the flexor longus pollicis.

The astragalus articulates with the tibia and fibula above,
with the os calcis below, and with the scaphoid in front.

THE CUBOID BONE.

This bone (os cuboides, cuboideum,) is situated at the ex-
ternal side of the tarsus; its form is indicated by its name.

The superior surface'®, rather rough, inclined obliquely out-
wards and upwards, gives attachment to lignments. The in-
Jerior surface presents in front a depression®, traversed by the
tendon of the peroneus longus muscle, in the middle a trans-
verse ridge, (tuberosity,)'” and behind it an irregular surface '?,
both of which give attachment to the calcaneo-cuboid ligament ;
the former also to some fibres of the ligamentum longum plantze.
At the anterior aspect of the bone is a smooth surface, directed
from without inwards and forwards, and divided into two parts,
the internal one being square, the external triangular, and arti-
culated, the former with the fourth, the latter with the fifth
metatarsal bone ; at the posterior is a surface by which it articu-
Jates with the os caleis. The external border, which is short
and rounded, presents a groove'®, continuous with that on the in-
ferior surface, and serving for the transmission of the tendon of
the peroneus longus muscle.  On the internal surface may be
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observed, towards its middle, an elongated smooth, and nearly
flat portion®’, which articulates with the third cuneiform bone,
the part before and behind it being rough for the attachment of
ligaments. This surface likewise often articulates with the
scaphoid.

The cuboid articulates with the fourth and fifth metatarsal
bones before, with the os caleis behind, with the external cunei-
form, and sometimes with the scaphoid.

THE SCAPHOID BONE.

The scaphoid or navicular bone*, so named from its ex-
cavated form (gze@sn, navis), is placed at the inner border of the
foot, between the astragalus and the cuneiform bones.

It presents a concave surface which looks backwards, and a
convex one which is turned forwards. Its inner margin projects
in the form of a tubercle® toward the sole of the foot. Upon
its upper and inner surface are inequalities for the attachment
of ligaments,—behind, a concavity for the head of the astragalus,
—in front, three distinct surfaces for articulation with the three
cuneiform bones; at its lower and inner border is the promi-
nence or tubercle, above noticed, which gives attachwent to the
tibialis posticus muscle ; on the outer side, in some instances,
is a small articular surface, by which it is united to the cuboid
bone.

It articulates with the three cuneiform bones, with the astra-
galus, and sometimes with the cuboid.

THE CUNEIFORM BONES.

These bones®® * ** (ossa cuneiformia, wedge-shaped,) con-
stitute the anterior and inner part of the tarsus; the name ex-
presses their form, In number three, they are distinguished
by their numerical order from within outwards.

The first is the largest, and has its base or broad border
turned down into the sole of the foot,—the second, or middle,
the smallest. The base, or broad border, of the second and
third is at the upper or dorsal surface of the foot, and con-
tributes to give it its arched form. They articulate behind with
the navieular, and in front with the first, second, and third me-

~— :
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tatarsal bones. In consequence of their excess in length over
the second, the first and third, in addition to articulating late-
rally with the corresponding sides of that bone, are in apposi-
tion with the base of the -second metatarsal bone, which is in-
serted between them. 'The inner side of the first is subcutane-
ous, and the outer side of the third articulates, by a smooth flat
surface with the cuboid, and by a small linear facet with the
fourth metatarsal bone.

Attachments of muscles to the tarsal bones.— The os caleis,
by its dorsal surface, to the extensor brevis digitorum pedis ;
the inferior half of the posterior surface to the common tendon
of the gastrocnemius and soleus (tendo Achillis), and to that of
the plantaris; the inferior surface on the inner side, to the
flexor accessorius, and part of the abductor pollicis: on the
outer side, to the abductor digiti minimi; and between the two
abductors, to the flexor brevis digitorum.

The cuboid bone, by the inferior surface, to a portion of the
adductor pollicis and flexor brevis pollicis.

The scaphoid bone, by its tuberosity, to a portion of the
tendon of the tibialis posticus.

The cuneiform bones. The first, by its base, to portions of
the tendons of the tibialis anticus and posticus, and the second
and third to part of the flexor brevis pollicis.

METATARSAL BONES.

The metatarsus, the second division of the foot, is placed be-
tween the tarsus and the toes, and consists of five bones, one
for each toe. They are separated, except at their posterior ex-
tremities, where they are in contact, by four interspaces (inter-
osseous spaces), which decrease .in size from the inner to the
outer side of the foot. These bones are named according to
their numerical order from within outwards—that of the great
toe being the first, and that of the little toe, the fifth or last ;
and the inter-osseous spaces are named in the same manner.

Common characters of the metatarsal bones.—They are long
bones in miniature, and, like them, each may conveniently be
considered to consist of a body and two extremities.

The bodies are in the longitudinal direction, somewhat con-
cave on the plantar and convex on the dorsal aspect; and they
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have each, with more or less regularity, three sides and as many
borders. One side corresponds with the dorsum of the foot,
and the others bound the inter-osseous spaces.

The posterior or tarsal ends (bases) of these bones are broad
and squared on the dorsal surface, and becoming narrower in the
opposite direction they contribute in consequence of their
cuneiform or wedge shape to the general transverse arching of
the foot. They terminate behind with plane articular surfaces
for connexion with the tarsal bones; and, with exceptions to
be noticed presently, they have likewise small articular faces on
their sides, where they are in contact one with another.

The anterior or digital ends (heads).—In front, the meta-
tarsal bones are apart one from the other, and are marked on
their sides by depressions and small tubercular projections.
These are much smaller than the tarsal extremities, and they
support the bones of the first phalanx of the toes by convex ar-
ticular surfaces, which extend beneath the bones to their plantar
aspect—the direction in which the toes are flexed.

While the metatarsal bones thus resemble one another in
some respects, or have certain characters in common, each pre-
sents peculiarities which serve to distinguish it from its fellows.

Special or individual characters.—'The great size is the most
prominent distinctive mark of the first. It is much thicker, more
massive, though shorter than any of the other bones. The tarsal
end, or base, rough at its circumference, especially towards the
plantar aspect, has no lateral articular facet, and wants the square
shape which belongs to the others. The surface, which rests
against the first cuneiform bone, is oval and slightly concave,
and the joint formed between them is directed obliguely for-
wards and outwards. The digital end (head) forms the ball of
the great toe. It is in contact, on the plantar surface, with two
sesamoid bones; the part of the articular surface appropriated
to these little bones is divided into two parts by a ridge, and is
often grooved on one or both sides.

The second is the longest of the metatarsal bones. The pos-
terior end has articular surfaces for the three cuneiform bones
—it rests against the second, and is supported laterally by
the first and third. On the outer side it is likewise articulated
with the third metatarsal.

The distinction between the third and fourth is by no means
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so readily made as between others of the series. They have
nearly the same length, but the third is slightly the longer.
Moreover, the lateral articular surface on the inner side of the
fourth is not so close to the end of the bone as it is on the
neighbouring side of the third ; from this it results, that, when
the two bones are adapted one to the other in their proper rela-
tive position, the fourth projects behind the third ; and this is
necessary, in order that the bone should reach the cuboid, whose
articular surface is in a corresponding degree behind that of the
third cuneiform bone. It will likewise usually be found that
the fourth has on its inner side, for connexion with the tarsal
bone last mentioned (third cuneiform), a small additional facet,
which would serve to characterize the bone.

The fifth is readily recognised by several striking characters,
viz. the length, (which is less than that of any of the other me-
tatarsal bones except the first,) the large size of its base, and
some further peculiarities of this extremity: namely, the pre-
sence of a single lateral articular surface, (for the fourth meta-
tarsal bone,) and a large rough tuberosity on the opposite side,
which projects beyond the other bones at the outer side of the
foot. This projection, which of itself at once distinguishes the
fifth metatarsal bone, is readily felt through the integuments,
and it marks, on the outer side, the position of the tarso-meta-
tarsal articulation. The corresponding surfaces of this metatar-
sal bone and the cuboid are so oblique in direction, that, if a line
drawn between them were extended across the foot, it would, on
the inner side, reach the digital end of the first metatarsal bone.

PHALANGES OF THE TOES.

The number, form, and general conformation of the phalanges
of the toes correspond with those of the fingers, in so much that,
besides referring to the description of the latter, (ante, p. 135,)
as being likewise generally applicable to the bones before us, it
will only be necessary to add a statement of some points of
difference.

The principal difference consists in the much smaller size of
the phalanges of the foot. An exception is however afforded

by the great toe, the bones of which are larger than those of the
thumb.
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In addition to the small comparative size of the first phalanx
of the four outer toes, they have this further peculiarity, viz.
that the bodies are compressed laterally ; and the bodies of the
second row are so short that little of these bones remains
beyond what is necessary to support their articular surfaces.
The last two phalangal bones of the little toe are not unfre-
quently found connected by bony union in the skeletons of
adults.

Attachments of muscles to the metatarsal bones and the
phalanges of the toes.—The first gives attachment to the pro-
longed tendon of the peroneus longus, and the first dorsal inter-
osseous muscle; the second, to the transversalis pedis, to the
first and second dorsal inter-ossei ; the third, to part of the ad-
ductor pollicis, to three inter-ossei, and part of the transversalis
pedis ; the fourth, to three inter-ossei also, and the transversalis
pedis ; the fifth, to the peroneus brevis and tertius, the trans-
versalis pedis, part of the flexor brevis minimi digiti, to the
fourth dorsal and third plantar inter-osseous muscle.

The first phalanx of the great toe gives insertion to the ex-
tensor brevis digitorum and to the abductor, flexor brevis, and ad-
ductor pollicis, with the transversalis pedis ; the second phalanx,
to the extensor proprius pollicis and flexor pollicis longus. The
second phalanges of the other toes receive the insertion of the
tendons of the flexor sublimis and of the extensors; and the
third, those of the flexor profundus and of the extensors.

SESAMOID BONES.

These do not properly form part of the skeleton ; they may
be considered as accessories to the tendons of muscles, and are
found only in the limbs, never in the trunk. In the superior
extremity, two are always found in the articulation of the meta-
carpal bone of the thumb with its first phalanx. In the lower
extremity, two are frequently found behind the femoral con-
dyles, and constantly beneath the first joint of the great toe, as
well as in the tendons of the tibialis posticus and peroneus
longus. They are situated in the direction of flexion (the only
exception being the patella, which belongs to this class of
bones), and serve the purpose of increasing the power of
muscles, by removing them farther from the axis of the bone
on which they are intended to act.
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BONES OF THE FOOT AS A WHOLE.

The osseous framework of the foot, constructed from the The foot,
parts above separately described —tarsus, metatarsus, and pha-
langes of the toes—is placed horizontally beneath the leg, which
rests on its upper surface.

The posterior end (the heel), projecting behind the leg, is Heel
narrow and thick ; the anterior part is broad, thinner, and ex-
panded towards the toes. The upper surface (* dorsum™ of the Dorsum,
foot) is convex in two directions—longitudinally and from side to AT
side. But in the latter direction the arclt of the foot is much tions.
higher at the inner than at the outer side; and it is towards
the inner and more arched, which is at the same time the longer
and more massive side, that the weight of the body is received
from the leg. The lower or plantar surface (sole of the foot) Plantarsur.
presents corresponding concavities. From this shape it results, coneave.
that, when resting on a plane surface, the heel, the digital ends
of the metatarsal bones, the toes, and the outer part of the sole
of the foot, are in contact with the surface, but the middle, espe-
cially towards the inner side, is elevated from it.

The constituent elements of the hand and foot are strictly Foot con-
analogous one to the other; but, by differences in the size and ::;’1‘:]”' ks
relative proportion of the parts, they are adapted to the very
different uses of the limbs to which they respectively belong.

Thus: the prehensile organ is in the same line with the rest
of the limb; the fingers are elongated, and comparatively free
from the palmar part; and the thumb (including its meta-
carpal bone) has independent motion, and may be opposed to
the other fingers. At the same time the carpus is small, serv-
ing only to connect the metacarpus to the bones of the fore-
arm, and to contribute to the free motion of the wrist. On the
contrary, the foot, an organ of support, is set on at right angles
with the leg, and has no provision for the variety and facility of
motion which belong to the upper limb. The toes, small in
size, are cushioned at their roots by the soft parts of the sole of
the foot, in which they are impacted ; the great toe moves only
with its fellows; and the tarsus is large in correspondence with
the solidity required to bear the weight of the trunk, (For

observations on the construction of the different parts of both
limbs see ante, page 96.)



Ounly os
caleis has
mare than
one centre.

Ossific. of
o5 calcis;

astragalus.

Cuhoid;
(state at
birth).

176

OSS5IFICATION OF THE TARSUS, METATARSUS, AND PHA-
LANGES OF THE TOES.

T'he tarsus.—Each of the pieces of the tarsus is ossified from
a single centre, except the os caleis. The process of ossifica-
tion begins at a much earlier period than in the corresponding
part of the hand. It becomes apparent in the os calcis in the
sixth month of feetal life (g, 64, a."), and about a month later
in the astragalus (3.%).

Fig. 64.%

In the full-grown fetus a nucleus is apparent in the cuboid
(c.®) ; but many good observers state that this bone does not
begin to ossify till after birth.+

* The progressive advance of ossification over the tarsus is here illus-
trated. The metatarsal bones and phalanges are largely ossified long before
the period to which the earliest of these cases belongs. A. This has been
taken from a foetus about the sixth month; a nucleus is distinet towards
the anterior part of the os ealeis. ®. The age being from the seventh to the
eighth month, the astragalus has received an osseous deposit. c¢. From a
full-grown fetus ;—the cuboid has begun to ossify. p. The period being
the end of the first or beginning of the second year, a commencement of
ossification is apparent in the external cuneiform.

1. Nucleus of the os caleis. 1% Fig. 65. Epiphysis of the os calcis.
2, Of the astragalus. 3. Of the ecuboid. 4. Of the external cuneiform.

t Among ﬂtﬁcrs, Nesbitt, Albinus, and Béelard represent it to be carti-
laginous at birth. Meckel specifically denies the correctness of the state-
ment of Albinus, and describes the ossification to be far advanced at that
time. The period of ossification mentioned by Wagner (in “ Semmerring v.
Baue d. menschlich. Kﬁrpers"} agrees with that last mentioned : but this
writer makes no reference to the grounds of his statement; neither does
he refer to authorities, or to the differences among them,—In two cases,
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The external cuneiform sueceeds to the cuboid, beginning to Exter.

ossify in the course of the first year after birth (n.*).*

- The ossification of the first or internal cuneiform follows—in Intem.

the third year (.%).
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which I have lately examined, (full-grown feetuses,) a very distinet osseous
nucleus was present in each of the euboid bones,

* 1t is remarkable, that some anatomical writers, who treat of the growth
of bones, (including Béclard,) attribute to the first (internal) euneiform the
earliest ossification after the cuboid. I possess preparations which clearly
show that the external oné (third) precedes the first cuneiform by a con-
siderable period, and Meckel’s observations led him to the same conclusion,

t The progress of ossification in the foot is continued from fig. 64.—
E. The state of the tarsus in the third year. Ossification has reached the
internal cuneiform.  Between the time to which this condition belongs
and that to which the next figure is to be assigned; the epiphyses of the
phalanges and metatarsal bones begin to form. r. The preparation here
sketched was taken from the body of a child, stated to be between three
and four years old. The middle cuneiform and scaphoid contain osseous
nuelei; the former appears the more advanced. The epiphyses of the meta-
tarsal bones and phn];an es are partly ossified ; the latter apparently more
fully in proportion than the former. 6. From the foot of a person about the
nge of puberty. The epiphysis of the os ealeis is shown as if separated
from the rest of the bone.  The epiphyses of the metatarsal and pha-
langal bones are separable, and have been represented apart from the shafts
of the bones.

5. Nucleus for the first or internal cuneiform. 6. The seaphoid. 7. The
middle cuneiform.—The numbers before those here explained correspond
with those of figure 64, and those which follow them are noticed in the text,

N
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The middle cunciform and the scaphoid are the last to be de-
veloped. The deposit of osseous matter in them is apparent in
the fourth year; and it is first discernible in the cuneiform
bone (¥.°7).

Epiphysis.— Only one of the bones of the tarsus, the os
caleis, has an epiphysis. It is formed as a concave inernstation on
the posterior or free end of that bone (¢.'*). This additional
piece begins to ossify about the tenth year, and is joined to the
rest of the bone after puberty.

Metatarsal bones.—'These bones are severally formed from
two parts,—a principal piece and an epiphysis,—each of which
has a single centre of ossification.

The process of ossification begins at a very early period,
about the same time that it is distinguishable in the vertebre.
It is first discernible in the middle of the body, and extends
from this towards each end, involving the shaft and the entire
of the posterior (tarsal) extremity of the bone (fig. 65, ¥." 6.).

The Epiphyses belong to the anterior or digital ends.
Ossification begins to be apparent in these parts in the third
year (¢.°*). It is first discernible in the first metatarsal, and
appears to advance outwards, reaching the fifth a few years
after. I have found the anterior end of the fifth metatarsal
bone wholly cartilaginous in a child seven years old. The
epiphyses join the bone at between the eighteenth and the
twentieth year.

The development of ‘the metatarsal bone of the great toe
has this peculiarity, namely, that the ossific process from the
primary centre extends to the digital end (r.° ¢.); and the
epiphysis is formed on the opposite (tarsal) extremity (v ¢.).
In this respect, as well as in its shape, this bone has analogy
with the digital phalanges.

Phalanges of the toes—Like the metatarsal bones, the pha-
langes are each formed from two parts, a principal one and an
epiphysis; but the latter belongs to the posterior extremity
of the bone (F. 2% 1°* 1* and ¢.).

The centres from which the bodies and the anterior ends of
the phalanges of each toe are ossified become apparent some
time after that of the corresponding metatarsal bone ; and
their epiphyses begin to ossify about the same time with the
epiphysis of that bone. The ossification appears at an earlier
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period in the bones of the great toe than in the others, and
latest in those of the little toe.®

THE CONNEXIONS OF THE PIECES OF THE SKELETON
ONE WITH ANOTHER.

ARTICULATIONS,

The different picces of the osseous system being connected
together so as to form a skeleton, their modes of union must be
as various as their forms and uses. When the union is not
immediate, as is the case in the cranial bones, it is effected by
means of different substances, such as ligament, cartilage, fibro-
cartilage, and fibrous membrane, variously arranged and dis-
posed, so as to permit, in some instances, no perceptible mo-
tion ; whilst in others a free and extended range is allowed in
every direction. Still, all the varieties, however numerous, are
usually included under the general term ¢ articulation.”

Classification of articulations.—The articulations are divided
into three classes: viz. the immovable, the movable, and
mixed ; the last being intermediate in degree between the
others. The first form obtains where flat and broad bones are
united to enclose eavities for the Jodgment of important organs,
as in the cranium and pelvis. In some instances the surfaces
are indented and reciprocally impacted one into the other, so
that complete solidity is ensured by the structure of the part ;
and, as this mode of union occurs only amongst flat bones, their
deficiency in extent of contact is compensated by the indenta-
tions in their margins. There is another set of immovable
articulations, in which the surfaces are merely in apposition with
one another, yet total immobility is secured by what may be
termed a mechanical contrivance. Thus, though the squamous
part of the temporal bone merely rests against the inferior bor-
der of the parietal, no motion can exist between them, in con-
sequence of the manner in which the petrous portion of the for-
mer bone projects into the base of the skull.

o

* In the foot of o child aged seven years and a month, the ossification
of the epiphyses had begun in the metatarsal bones and the phalanges of all
the toes, except the fifth, The great toe was much more advanced than
either of the rest.
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A—IMMOVARLE ARTICULATIONS.—BYNARTHROS]S.

All the bones of the head and face, except the lower jaw,
are joined by immovable articulation, or synarthrosis (gus,
together ; cgfooy, articulation), of which there are several
forms.

1. The first is called suture (sutura, a seam). In the true
suture the union is effected by indentations in the contiguous
margins of bones which are mutually received into one another,
as may be seen between the two parietal, the occipital, and
frontal bones ; any varieties that occur being referrible to the
form of the prominences. Thus, when they are tooth-shaped,
the suture is termed sutura dentata ; if like the teeth of a saw,
sutura serrata ; if the adjacent borders be bevelled off, as where
the temporal and parietal bones are applied to one another, it is
called a squamous suture (sutura squamosa). In some parts
it may be observed that the mode of union and adaptation are
alternated, in order to increase their power of resistance. Thus,
at the superior part of the arch of the skull, the frontal overlies
the parietal bones, and rests on them ; but inferiorly and late-
rally the reverse takes place, where the parietal rests against the
frontal. ;

When the surfaces are merely placed in apposition with one
another, as in the superior maxillary bones, the union is called
harmonia (zew, to adapt).

When a ridge in one bone is received into a groove in an-
other, the articulation is called schindylesis (oywduizaic, a slit
or fissure). The rostrum of the sphenoid, and the descending
plate of the ethmoid bone, are joined in this way with the
vomer. When a conical surface is impacted into a cavity, the
term gomphosis (yom@og, a nail,) is adopted, which may be
exemplified by the manner in which the teeth are lodged in the
alveoli.

B,—MIXED ARTICULATIONS.—AMPHI-ARTHROSIS,

In the mixed form of articulation, or amphi-arthrosis (e s
in the sense of wu@w, ambo, and wgfdeov), the bones are con-
nected by an intermediate substance, which allows some degree
of motion. The articulations between the bodies of the ver-
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tebree, the union at the pubie symphysis, and that between the
first two bones of the sternum, are all construeted on this prin-
ciple. As the surfaces in these cases are flat and plane, they
possess, in themselves, no mechanical “advantage; so that
their union is maintained partly by the cartilages interposed
between them, and partly by ligamentous and fibrous structures
disposed round the articulations.

C—MOVABLE ARTICULATIONS.—DIARTHROSIS,

In the movable articulations, or diarthrosis (dse, through ;
aglzop, articulation), as the surfaces are merely in contact with
one another, the connexion between the parts is maintained by
means of ligaments and fibrous membranes; for though ecarti-
lages are interposed between their adjacent extremities, they do
not form a bond of union between them; on the contrary, they
are calculated to facilitate motion, rather than to restrain it.
But the muscles which surround the different movable arti-
culations contribute materially to retain the articular surfaces in
their natural situations, and to prevent displacement. This is
particularly evident in the shoulder-joint, in which the head of
the humerus is kept in contact with the glenoid cavity of the
scapula, not so much by the fibrous capsule, which is weak and
loose, as by the surrounding muscles ; for, if these be weakened
by paralysis, luxation may be readily produced.

The joints in the extremities are all referrible to the movable
class: so is that of the lower jaw with the skull, and of the
latter with the vertebral column.

In the greater number of instances one of the articular sur-
faces is convex, the other concave ; but each of these forms ex-
hibits some varieties of conformation, which are marked by
ticular names. Thus, an articulating surface, which is rounded
and globular, so as to represent a segment of a sphere, is called
a head; but if it be elongated, the term condyle is used.
These are in some cases supported by a contracted or thin
portion (neck), which connects them with the body of the
bone. If two condyles be placed in apposition, so as to leave
a fossa between them, and constitute a pulley-like surface, it is
termed trochlea. When plain even surfaces articulate, it is not
necessary to mark them by any particular name; in describing
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them they are referred to generally as artieulating surfaces.
Some of the articulating depressions have also received names
taken from certain peculiarities in their econformation. Thus,
the superior extremify of the ulna, which receives the trochlea
of the humerus, is called the sigmoid cavity, from some resem-
blance to the Greek letter = (awrypuee, eidog, form) ; others are
denominated from their greater or less degree of depth or shal-
lowness. The deep cup-shaped cavity which receives the head
of the femur is called cotyloid (from zoruvAz, a cup, and sdog,
form) ; and the shallow oval depression to which the head of the
humerus is applied, receives the name of glenoid cavity (from
vl a shallow cavity, and edog, form).

The varieties of diarthrosis are:—1. Enarthrosis (gv, in ;
eeefgoy, a joint), which in common language is called the ¢ ball-
and socket™ joint ; such as we see in the hip and shoulder, In
these great freedom of motion is provided for.

2. Arthrodia (zgloov, a joint ; dew, to adapt) ; which com-
prises joints with a limited motion, as in the case of the carpal
and tarsal bones, which merely slide for a little way upon each
other. The articulations between the tubercles of the ribs and
the transverse processes of the vertebrae, and those between the
articular processes of the last-named bones, also come under this
head.

THE KINDS OF MOYEMENT ADMITTED IN JOINTS.

As the extent and form of the articulating surfaces of joints,
as well as their liganmentous connexions, vary in different in-
stances, so must their degrees of solidity and mobility : and on
a review of the whole of the articulations, it may be laid down
as a general principle, that the greater their mobility, the less
their solidity ; or, in other words, that the one is inversely as
the other. All the motions, however, which are admissible in
jJoints may be arranged under four heads, viz. motions of glid-
ing, angular movement or opposition, circumduction, and
rotation. ,

1st. The contiguous surfaces of every movable articulation
admit a certain degree of gliding motion upon one another, so
that it may be regarded as common to all ; but in some cases it
is the only one which takes place, for instance, between the dif-
ferent bones of the carpus and tarsus. We thus observe that




ADMITTED IN JOINTS. 18:

some joints admit of all the motions here indicated; some are
deprived of rotation, retaining the rest ; whilst in others nothing
more than a mere gliding can take place between the surfaces :
so that a regular gradation is established in their degrees of mo-
bility between the most movable and those which are least so.
The shoulder-joint admits of the greatest extent and variety of
movement ; those between the carpal and tarsal bones are ex-
ceedingly limited in these particulars; and, finally, between the
latter and those which are altogether immovable, an interme-
diate grade may be traced, of which the pubic symphysis pre-
sents an example.

2nd. The angular movement, or opposition, can only take
place between long bones. If these be made to move in oppo-
site directions, as from extension to flexion, or from abduction
to adduction, they form with one another angles varying in de-
gree according to the extent of the motion. This, in some
cases, as in the elbow and knee, is confined to flexion and ex-
tension, which makes them strictly ginglymoid or hinge-joints
(ysyyrumos, a hinge) ; in others the motion is general, and
extends to four opposite directions, including each of the points
intermediate between them, as may be observed in the shoulder,
in the hip, and the metacarpal joint of the thumb, all which
joints admit of a circumduction in the part to which they be-
long.

3rd. The motion of circumduction is performed when the
shaft of a bone is made to describe a cone, its summit corre-
sponding with the superior articulation, the base being at the
inferior extremity of the bone. While this motion is being
executed, the limb passes successively through the states of ele-
vation, abduction, depression, adduction, and of course through
all the intermediate points; and if a pencil be held between
the fingers, and its point applied to any plain surface, such as a
wall, it will trace a cirele corresponding with the base of a cone,
whose summit is at the shoulder-joint, whilst its side coincides
with the line deseribed by the out-stretched limb as it traverses
the different points just enumerated.

4th. Rotation differs altogether from circumduction. In the
latter the bone suffers a change of place as it moves from one
point to another; in the former, it merely turns on its own
axis, and thercfore retains the same relative situation with
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respect to the adjacent parts.  This movement, however,
admits of two varieties; in one, it is performed on a pivot,
as in the motion of the axis on the vertebra dentata; in the
other there is a sort of compound motion, for instance, where
the radius rolls on its own axis at one end, whilst at the other
it moves upon the extremity of the ulna, by which its lower
part describes a segment of a circle, and therefore changes
place to a certain extent. The femur and humerus also admit
of a rotatory motion; in the latter, as the head is closely
applied upon the shaft, the axis of motion nearly coincides
with that of the bone; but in the former, in consequence of
the length of the neck, and of the angle which it forms with
the bone, the rotation is performed round an imaginary axis,
which may be conceived to pass from the globular head to
the condyles.

There are but two articulations in which all the motions
of oppoesition, cireumduction, and rotation can be performed,
namely, the hip and the shoulder joint. In these a convex
surface is applied to one which is concave, the former being
hemispherical, which is essentially necessary to such a freedom
of motion. As joints constructed on this principle are more
liable to displacement than any others, their security is in a
great measure provided for by their being placed at the supe-
rior extremity of the limb, by which they are withdrawn from
the influence of external forces. This arrangement is made
subservient not to the security df the joint solely, but also to a
very important purpose in the functions of the limb. For as
these free and extended motions are performed in the superior
articulation, their effect is communicated to the whole limb,
0 as to compensate for the more restricted movements in the
lower joints.

Though all the motions above mentioned take place in the hip
and shoulder joints, each of them, considered singly, is not per-
formed with equal facility in both. Thus, circumduction is

- executed with greater ease in the shoulder than in the hip. Ro-

tation, on the contrary, is more free and perfect in the latter
than in the former. Circumduction can be exccuted with ease
only when the axis of motion coincides (or very nearly so) with
that of the lever to be moved, as is the case in the humerus ; but
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in the femur, the length of the neck of the bone removes the
axis of motion considerably from that of the shaft, and thereby
impedes circumduction in proportion as it facilitates the rotation
of the limb. These differences of structure in the superior
joints of the two extremities bear a distinct relation to the con-
formation of their other articulations, and to the purposes for
which they are adapted. For, as the inferior extremity is in-
tended to sustain the weight of the body and for progression,
the bones of the leg must be securely fixed, which could be
effected only by diminishing their mobility ; on this account no
rotation or supination is allowed between the tibia and fibula;
but, to compensate for this deficiency, rotation is permitted
in the hip. DBut as the superior extremity, on the contrary,
is fitted for the prehension of objects, and for quick and varied
movements, free motion is allowed between the hones of the
fore-arm, and between the latter and the carpus, in order that
the hand and fingers may be more readily directed and applied
to such objects as are required to be seized for different pur-
poses ; and the power of pronation and supination, thus confer-
red, more than compensates for any deficiency in the rotatory
motion of the humerus.

It has been already observed, that rotatory motion in a bone
presupposes the existence of a globular head, placed so that its
axis shall form an angle with the shaft. Wherever this requi-
site is wanted, motion is confined to opposition and cireumdue-
tion, as ocecurs in the articulation of the thumb with the carpus,
in the phalanges with the metacarpal bones, and in the clavicle
with the sternum.  In these joints, the articulating surfaces are
placed at the ends of the more movable bones; and as their
axes coincide with that of motion, rotation is prevented, but cir-
enmduction and opposition are freely performed. When these
are limited in extent, as in the sterno-clavicular articulation, it
arises rather from the accessory ligaments of the part than from
any impediment in the surfaces of the bones ; and if motion in
one direction be more free than in another, as in the digital
phalanges with the metacarpus, where flexion and extension are
more free than abduction and adduction, it proceeds partly from
the existence of the lateral ligaments, and partly from the great
power possessed by the flexor and extensor muscles compared
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with those which perform the other movements. Though in
the knee and elbow the axis of motion coincides with that of
the bones, yet their movement is confined to two directions, viz.
to flexion and extension. In these joints, all other motions
besides those just mentioned are prevented by the breadth of
the articulating surfaces, and by their mode of adaptation : how- -
ever, when they are flexed, some degree of lateral motion, and
also of circumduction, can be performed ; as any individual may
ascertain by resting his elbow on a table, when he will find that
the fore-arm may be made to deseribe a cone with its summit at
the olecranon and base towards the fingers.

ARTICULATIONS OF THE VERTEBRAL COLUMN.

The different pieces of the spine are connecied together by
ligaments, by fibro-cartilage, and in some parts by synovial
membranes ; the former serving to retain them in their situation,
the latter to facilitate motion between the different bones. The
bodies are joined by two ligamentous bands, extending the
whole length of the chain, and also by the inter-vertebral sub-
stances.

Fig. 66.% 1. The anterior common ligament, (fig.

’ 66, ') (ligamentum corporibus vertebrarum
commune anterius, seu fascia longitudinalis
anterior,— Weitbrecht,) is a strong band of
fibres which is placed on the front of the
bodies of the vertebrse, ‘and reaches from
the axis to the first bone of the sacrum,
becoming broader as it descends. It con-
- sists of longitudinal fibres which are dense,
firm, and well-ma'ked. The superficial fibres extend from a
given vertebra to the fourth or fifth below it ; the set subjacent
to these passes from the body of one to about the third beneath
it ; whilst the deeper ones pass only from one vertebra to that next
it. The fibres are thicker towards the middle of the bodies of

* A few dorsal vertebrae and parts of some ribs seen from before. 1. The
anterior common ligament. 2. The inter-vertebral substance seen to a small
extent. 3. The anterior costo-vertebral or stellate ligament, 4. The ante-
rior or inferior costo-vertebral lignment,
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the vertebr than at their margins, or over the inter-vertebral
cartilages ; by which means their transverse depressions are filled
up, and the surface of the column rendered even. It may also
be observed that they adhere more closely to the margins of the
bones than to the middle of their bodies, and still more closely
to the inter-vertebral cartilages. Upon the sides of the ver-
tebrs there are some fibres which are thin and scattered, and
reach from one bone to the other.

Q. The posterior common ligament, (fig. Fig. 67.%
67,) (ligamentum commune posterius, seu faseia 4
longitudinalis postica,— Weitbrecht,) is situ-
ated within the spinal canal, and attached to
the posterior surface of the bodies of the ver-
tebre, extending from the occiput to the
sacrum. It is smooth, shining, and broader
opposite the inter-vertebral cartilages than op-
posite the bodies of the bomes, so that its
margins present a series of points or dentations
with intervening concave spaces. And the
ligament is altogether broader at the upper than the lower
part of the spine. It adheres firmly to the fibro-cartilages and
to the contiguous margins of the bodies of the vertebre, but it
is separated from the middle of the vertebrw by the transverse
parts of the large venous plexus which is in contact with the
bones. Between the ligament and the prolongation of the dura
mater, which lines the canal, some loose cellular membrane is
interposed. -

3. The inter-vertebral substance (ligamenta inter-vertebralia
— Weitbr.) is a plate or disc of fibro-cartilage, (fig. 66, %,) placed
between the bodies of each pair of vertebree, from the axis to
the base of the sacrum; corresponding in shape to the parts
of the vertebrze between which they are interposed. They are
covered anteriorly and posteriorly by the common ligaments
which are intimately adherent to them; in the dorsal region
they are connected laterally, by short ligaments, to the heads
of all the ribs, each of which articulates with two vertebra.

% The arches have been removed from three vertebra by sawing through
their Iinmlinlns. The bodies remaining are seen on their posterior surface,
with the posterior common ligament covering them to some extent,
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The inter-vertebral substance is
composed, towards its circumfer-
ence, of thin plates of fibro-carti-
lage, resting on their edges, and
placed one within the other, as it
were, concentrically (fig. 68, )
Thus the -outer plate like a rim
runs round the dise, its lower edge
resting on the vertebrae beneath it ;
its anterior or convex surface be-
: ing subjacent to the anterior com-
mon ligament, whilst its concave surface is in apposition with
and connected by some fibres to the plate next within it. The
plates are not vertical in their direction. On making a vertical
section of a disc, (fig. 69,) it will be seen that a eertain number
of those nearest the circumference ! ! curve outwards, while others
situated more deeply are inclined in the opposite direction %2 ;
the former are more closely compacted together. When the

-spine is bent in any direction, the curves formed by the dif-

ferent layers are augmented on the side towards which the
column is inclined. The interstices between the plates are

Fig. 69.}

* A lumbar vertebra, with a horizontal section of inter-vertebral substance
above it. At the circumference the concentric arrangement of the layers of
the latter is shown, and in the middle the pulpy substance is indicated.

t A vertical section of two vertebree, and the substance interposed
between their bodies. The direction of the layers of the inter-vertebral
substance is displayed. 1. Layers curved outwards. 2. Those curved in-
wards. 3. Pulpy substance in the middle.
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filled by a pulpy and apparently elastic substance ; and as the
number of plates gradually decreases towards the centre, (fig.
68,% and 69,), whilst the pulpy matter increases, the quantity
of the latter is such, that, when the pressure which confines it is
taken off' by cutting through the inter-vertebral substance, it
will rise up so as to assume a conical form.

The plates of the inter-vertebral
tissue being examined singly, it
will be found that each consists
for the most part of fibres extend-
ing obliquely between the verte-
bra, into both of which they are
firmly fixed; and the direction of
the fibres varies from layer to
layer,—in one being from right to
left, and in the next the reverse
(fig. 70, ' *). Some fibres will be found to be nearly horizontal.

The inter-vertebral substance in the column generally.—Ex-
cluding from consideration the first two vertebra, between which
it does not exist, the inter-vertebral tissue forms in length about
a fourth of the movable part of the column. But it is not
equally distributed among the different parts. It varies in
thickness from point to poeint, and the dorsal division of the
spine has, comparatively with the length, a much smaller pro-
portion, and has accordingly less provision for pliancy than the
cervical or lumbar portions of the column.}

Moreover, the dises are not uniform in their thickness. In
the cervical and lumbar regions, which are convex forwards, they
are thickest in front; and by comparing the heights of the fore

Fig. 70.*

* Two lumbar vertebrm with the inter-vertebral substance are seen from
before. By removing a portion of one layer of the latter, another layer is
partly exposed, and the difference in the direction of their fibres is Inud}u -
mifest.

t In an eclaborate work on the joints and their various movements, the
brothers: W, and E. Weber have given various measurements of the indivi-
dual vertebrm, and the interposed tissues, and have grounded on them
caleulations of the degree of flexibility of the column in different parts. In
order to render their measurements more exact by preventing all separation
of the parts, they placed a body in plaster of Paris, (after having removed
some of the soft parts, but without interfering with the ligaments,) and when
it was immovably fixed by this means, a vertieal section was made through
the middle of t‘]y](: trunk, dividing it into two equal lateral parts.—See
¢ Mechanik der menschl. Gehwerkzeuge,” 8. 90, et seq. Giittingen, 1836.
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and back parts of the bodies of the vertebrae, and comparing in
like manner the heights of the anterior with the posterior mar-
gins of the inter-vertebral discs, it has been determined that the
convexity of the cervical and lumbar portions of the column is
chiefly due to the latter structure,—to it much more than to the
bodies of the vertebree ; while the arching of the dorsal region
was, on the contrary, found to be owing rather to the shape of
the bones,

The articulating processes of the vertebra are connected by
irregular fibrous bands (ligamenta processuum obliguorum,
Weitbr.), forming a capsule outside the synovial membrane
which belongs to each of the joints. The latter are longer and
more loose in the cervical than in the dorsal or lumbar regions.

The arches, or plates of the vertebra, are connected by the
ligamenta subflava, (fig. 71,) (ligamenta vertebrarum subflava,—
Weithr.) as their bodies are by the inter-vertebral fibro-car-

howbronght tilages. They are most distinetly seen when the pedicles
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and arches are detached from the bodies of the vertebre, so
that they may be viewed from within the spinal canal, as
in this drawing (fig. 71); at the posterior aspect of the spine
they appear short, and, as it were, overlaid by the arches (fig. 80,
%) They extend from the root of the transverse processes at
each side backwards to the point where the two arches con-
verge at the origin of the spinous processes. In this situation
the ligaments are thickest, and the margins of the lateral halves
may be observed to be merely in contact.

These ligaments consist of yellow
elastic fibres, almost perpendicular in
their direction, as they pass from the
inferior border of one arch to the
adjacent border of that immediately
- below it. «+ The superior border of
the ligament is attached, not to the
margin exactly of the arch, but
rather higher up on its anterior
surface ; whilst the inferior border

* To show the © ligamenta subflava,” the pedicles of the vertebra were
sawed through, and tie bodies removed. The arches and the processes
being left, the lignments are seen from before, 1. e., on the surface which
looks towards the vertebral canal.
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is prolonged a little on the posterior surface, as well as the
margin of its corresponding arch.

The ligamenta subflava do not exist between the occiput
and the atlas, or between the latter and the axis; common
fibrous membrane supplies their place in these two spaces.

The connexion of the spinous processes is effected by means
of the supra-spinous and inter-spinous ligaments,

1. The supra-spinous ligament (ligamenta, queis apices com-
mittuntur,— Weitbr.) consists of small, compressed bundles of
longitudinal fibres, which connect the summits of the spinous
processes, and form a continuous chain from the seventh cervieal
vertebra to the spine of the sacrum. (See fig. 80, ) The
posterior fibres pass down from a given vertebra to the third
or fourth below it; those more deeply seated reach only from
one to the next, or the second beneath it.

2. The inter-spinous ligaments (membrana inter-spinalis—
Weitbr.), thin and rather membranous, extend from the root
to near the summit of each spinous process, connecting the
inferior border of one with the superior border of that next
below it. They exist in the dorsal and lumbar regions only,
and are intimately connected with the extensor muscles of the
spine.

The tnter-transverse ligaments (lig. process. transv.— Weitbr.)
are found only between the transverse processes of the inferior
dorsal vertebrze, and even there very indistinctly, for they are
united so intimately with the sacro-lumbalis muscle, that their
fibres are quite confused ; indeed, they appear to be rather ap-
pendages to the museles than ligaments to connect the bones;
and they are so considered by Weitbrecht, Meckel, and Scm-
merring. By the last-named author they are recognised as pre-
sent in the lumbar as well as the dorsal region.

ARTICULATIONS OF THE TWO UPPER VERTEBRE ONE
WITH THE OTHER.

The articulation of the axis with the atlas is effected by
means of their articulating processes, also (in the place of in-
ter-vertebral substance, which would be altogether incompatible
with the requisite movements) by the odontoid process of the
former, which is connected in a particular manner with the arch
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of the latter, and constitutes the pivot on which -the head turns
in its rotatory motions. There are three ligaments and four
synovial membranes in this articulation.
Fig. 72.% The transverse ligament,
- (fig. 72,% and 73,%) (liga-
mentum transversale : pars prin-
cipalis, — Weitbr.), is placed
transversely behind the odon-
toid process of the axis, and
U forms with the anterior arch of
the atlas a ring’, in which that process is lodged ; dividing
thus the great foramen of the first vertebra into two parts of
unequal size, of which the larger? is appropriated to the spinal
chord, and the smaller® is occupied in the manner already
stated.

The ligament is a strong, thick fasciculus of fibres, com-
pressed from before backwards, arched in its direction, as it
crosses the odontoid process, and attached on each side to the
inner berder of the superior articulating processes of the atlas.
The ligament is broader and thicker at the middle than at its
extremities; and from the middle of its posterior surface a
short thin bundle of fibres passes down to be attached to the
root of the odontoid process, whilst
another passes up to the basilar pro-
cess. These appendages (lig, transv.
appendices,— W eitbr.) form a cross
with the transverse ligament, and
serve to bind the occiput to the first
two vertebrae ; from this is derived
the term ecruciform, which is some-
times applied to the transverse ligament and its appendages to-
gether. (Fig. 73.)

F ig- ?:3‘1.1“

* A view of the atlas from above, showing the transverse lignment, with
fragments of its appendages. 1. The space for the odontoid process. 2.
The transverse lignment, 3. Space for the spinal cord. 4. Articular pro-
cesses j—on one of these o remnant of the eapsular membrane is seen.

t A small portion of the skull and the first two vertebrse are shown in
this figure. They are viewed from behind,  The back part of the occi-
pital hone, and of each of the vertebrm, was removed together with the
nervous centre and its membranes, as well as a lignment extending from the
oceiput to the axis (fig. 76,)). 2, is placed on the middle of the trans-
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The anterior atlo-axoid
ligament passes from the bor-
der of the anterior arch of
the atlas, and its tubercle,
to the body of the axis and
the root of its odonteid pro-
cess. It is thin and mem-
branous, except at the mid-
dle, where it is more thick-
ened; (fig. 74,%).

The posterior atlo-axoid ligament, which is also thin and
membranous, connects the posterior arch of the atlas with
the plates of the axis (fig. 75, ¥). Thus the interstices between
the plates or arches, which in all the other vertebre are filled
by the ligamenta subflava, are occupied by a loose membrane
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between the second and first, as well as between the latter and

the occiput’.

The edges of the articulating processes are connected by irre- -

gular fibres passing from one to the other.

Two synovial membranes are placed between the articulating
processes of the atlas and axis. One between the odontoid pro-
cess and the transverse ligament, another between it and the
arch of the atlas.

ARTICULATIONS OF THE CRANIUM WITH THE FIRST TWO
VERTEBR.E.

The cranium is articulated with the atlas, and is connected by
ligaments with the axis. ;

The articulation of the crantum with the atlas takes place
between the condyles of the occipital bone and the superior ar-
ticulating processes of that vertebra, which are connected by li-

verse ligament; its appendages extend up and down—the whole consti-
tuting a crucial ligament. 3. The upper end of the odontoid ligament of
the E&[‘t side ; the same part of the ligament of the opposite side is also
vigible.

. * A part of the skull and two vertebrse are represented in this figure.
The skulll was sawed upwards, and the anterior parts taken away. The
vertebre are seen in front. 1. The anterior occipito-atloid ligament. 2.
The middle (accessory) oceipito-atloid ligament. 3. The anterior atlo-
axoid ligament,
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gaments and synovial membranes ; it is also connected with the
same by the two following ligaments.

The anterior occipito-atloidean ligament (fig. T4, ') (mem-
brana annuli anterioris vertebrae prims) extends from the ante-
rior border of the occipital foramen, between the condyles, to
the margin of the arch of the atlas between its superior articu-
lating processes. This is thin, broad, and membranous ; but
in the median line, a sort of accessory ligament® is placed in
front of it, which is thick, round, and composed of vertical
fibres, attached above to the surface of the basilar process, and
below to the small tubercle on the front of the atlas. The an-
terior surface of these ligaments is covered by the recti antici
muscles, the posterior covers the upper end of the odontoid pro-
cess and its ligaments.

The posterior occipito-atloidean ligament, (membrana an-
nuli posterioris atlantis,) (fig. 75, *,) also broad and mem-
branous, is attached superiorly to all that part of the margin
of the occipital foramen which is behind the condyles, and
inferiorly to the adjacent border of the posterior arch of the
atlag.~. It is partly blended with the dura mater. The pos-
terior surface of the ligament is in
apposition with the posterior recti
and superior oblique muscles, the
anterior looks towards the verte-
bral canal ; at each side near the
articular process the ligament
forms part of the foramen through
which the vertebral artery and sub-
occipital nerve pass.

The articulation of the occi-
pital bone with the axis is effected
through the medium of ligaments,
as no part of their surfaces comes
into contact, and the ligaments are placed within the vertebral
canal, which must be laid open to exhibit them.

* The posterior surfaces of the occipital bone, and of three vertebree, are
"';']I’“-'Sf:“t“! in this figure. 1, The posterior oceipito-atloid ligaments. 2.
The posterior atlo-axoid,
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The occipito-axoidean ligament
(apparatus ligamentosus) (fig. 76)
seems to be a prolongation of the
posterior common ligament ; it is
attached above to the inner surface
of the basilar groove, from which
it descends perpendicularly, be-
coming narrow, and opposite the
axis is blended with the posterior common ligament. It covers
the odontoid process and its check ligaments, and is inti-
mately connected with the transverse ligament.

The odontoid ligaments (fig. T3, *) (ligamenta alaria) are two
thick bundles of fibres attached below to each side of the sum-
mit of the odontoid process, and passing up diverging to be im-
planted into the rough depressions at the inner side of the con-
dyles of the occiput, and also to a small part of the margin of
the occipital foramen. Their direction, therefore, is obliquely
upwards and outwards ; the triangular interval which they thus
leave is filled by some fibres (ligamentum rectum medium, seu
dentis suspensorium) passing almost perpendicularly fremr the
margin of the foramen to the summit of the process. These are
strictly check ligaments: the middle set, last described, assist
in preventing what may be termed a retroversion of the head,
whilst the lateral pair check its rotatory motions.

ARTICULATION OF THE LOWER JAW WITH THE CHRANIUM,
—TEMPORO-MAXILLARY.

The lower jaw articulates at each side by one of its condyles
with two parts of the temporal bone ; wviz. the glenoid fossa in
front of the Glaserian fissure, and the articular root of the zy-
‘goma. Between the bones is placed an inter-articular cartilage,
with a synovial membrane above, and another below it, and
around the joint are disposed the ligaments.

* In order to show the ligament represented on this figure, the posterior
part of the oceiput, some of the 1pn:ustu;:r'ln.nr arch of the atlas and the spinous
process, with a portion of the plates of the axis, were sawed off, and the
gpinal cord with its membranes was removed. The basilar process of the
oceipital bone (its cercbral surface) is exposed, with a ligament (1) stretching
from it to the body of the axis (its posterior surface).
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;!:’Eém lig. " The external lateral ligament (fig. V7, ') is a short fasciculus
obligue. Fig 7o of fibres, attached above to
i " the external surface of the
zygoma, and to the tubercle
at the bifurcation of its
root ; below, to the exter-
nal surface and posterior
border of the neck of the
condyle, its fibres being di-
rected downwards and back-
wards. Externally it is co-
vered by the parotid gland, internally it is in relation with the
inter-articular cartilage and synovial membranes.
Int. lat. lie.  The internal lateral ligament, (fig. 78,%) thin, loose, and elon-
:E;'QLEE?E; gated, lies at some distance from the joint. It extends from
tojoint.  the spinous process of the sphenoid bone downwards, and a
little forwards, to be attached to the inferior maxillary bone
at the lower border of the dental foramen, where it is somewhat
. expanded. Its external surface is in relation superiorly with
Fig. 78+ the e:?ctemal ptcr}'gnid muscle,
and in the rest of its extent
with the ramus of the jaw,
from which it is separated
by the internal maxillary ar-
tery and dental nerve. Its
inner surface is concealed by
the internal pterygoid muscle.
— The structure described
Connexion  here as a ligament has more connexion with vessels and museles
;::Ehnmf}' than with the joint. It is not recognised as a ligament by
several anatomists,

Stylo-max- The stylo-maxillary ligament (figs. 77, 18, 79,%) thin and
illary does
not belong
to joint.

* A small part of the skull and the external ligament of the temporo-
maxillary articulation are here represented. 1. The external lateral ligament,
3. The stylo-maxillary ligament.

T The skull and the lower maxilla having been sawed through in the ver-
tical direction and longitudinally, the inner side of the bones and of the
temporo-maxillary articulation is brought to view. 2. The internal lateral
ligament. 3. The stylo-maxillary. Both are seen on their inner aspect.
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aponeurotic, being, in fact, a portion of the cervical fascia,
passes from near the point of the styloid process to the inferior
border of the angle of the jaw, where it is inserted between the
masseter and internal pterygoid muscles. This membrane sepa-
rates the parotid gland from the sub-maxillary. It has little
claim Yo be considered an appendage to the temporo-maxillary
articulation.

The inter-articular fibro-car- Fig. 79.*
tilage, (operculum cartilagineum
mobile,— Weitbr.) (fig. 79,*) is a
thin plate, placed horizontally be-
tween the articular surfaces of the
bones ; but is not, like most other
similar structures, directly fixed
to either. It is of an oval form,
and thicker at its margins than at
its centre, where it is sometimes perforated. The inferior sur-
face, which is in contact with the condyle, is concave; the
superior is alternately concave and convex when taken from
before backwards, conforming in some way with the outline
of the articular cavity. Its circumference is connected at the
outside with the external lateral ligament, and anteriorly with
the external pterygoid muscle.

Synovial membranes.—The larger and looser of the two
nhmh belong to this joint, after lining the superior surface
the inter-articular cartilage, is reflected upwards on the external
lateral ligament, and over the smooth part of the glenoid cavity.
T'he other synovial membrane is interposed between the inferior
surface of the cartilage and the condyle; and thus there is con-
stituted a double joint. When the fibro-cartilage is incom-
plete (perforated), the synovial membranes are continuous one
with the other.

* The skull and the lower maxillary bone are seen on their outer surface,
but the external ligament of the temporo-maxillary articulation, and a
portion or layer of the bones (the temporal and inferior muﬂl]d}, have been
removed, and in this manner the interior of the joint is exposed to view.
3. The s«l.}lr.: maxillary lignment. 4. The fibro-cartilage intervening be-
tween the condyle of the lower maxillary bone and the articular part or

parts of the temporal.
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Thin and short additional ligamentous fibres surround a con-
siderable part of the joint (membrana articularis,—Weitbr.),
and serve to cover over the synovial membranes, as well as to
maintain the connexion between the bones and the interposed
fibro-cartilage.

ARTICULATIONS OF THE RIBS.

The ligaments of the ribs may be divided into three sets:
those which connect them—with the bodies of the vertebre;
with their transverse processes; and with the sternum.

A. The rib is connected with the bodies of two vertebre,
forming with each a joint lined with synovial membrane, and
supported by ligaments, as follows : —

The costo-vertebral ligaments (lig. capitulorum costarum) con-
sist,—1, of an anterior ligament which connects the head of each
rib with the sides of the bodies of the vertebrae (figs. 66, 81,%);
its fibres, flat and radiated, are divided into three bundles, of
which the middle one passes horizontally forwards upon the cor-
responding inter-vertebral cartilage, whilst the superior ascends
to the body of the vertebra above it, and the inferior descends
to that below. I'rom the divergence of its fibres, this is usually
called the stellate ligament. 2ndly. Of an inter-articular
ligament, a thin and short band of fibres, which passes trans-
versely from the ridge separating the two articular surfaces
on the head of the rib to the inter-vertebral substance, and
divides the articulation into two parts, each lined by a separate
synovial membrane. The ligament does not exist in the articu-
lation of the first, eleventh, or twelfth ribs, and in consequence
there is in them but one synovial capsule.

8. The 1ib is connected with the transverse processes of two
vertebree : with one it forms a joint lined by synovial mem-
brane; to the other (being separated from it by a considerable
interval) it is connected by ligamentous structure of some
length.

The costo-transverse ligaments connect the tubercle and
neck of the rib with the transverse processes of the vertebra ;
from their position they are named posterior, middle, and an-
terior.

1. The posterior costo-transverse ligament (fig. 80,%) (lig.
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transversarium externum costarum,— Weitbr,) consists of a very
short thick fasciculus of fibres which

passes from the posterior surface of the Fig. 80.%

summit of the transverse process, to
the rough unarticulated part of the tu-
bercle of the rib. Those of the supe-
rior ribs ascend, those of the inferior
descend somewhat.

2, The middle orinter-osseous costo-
transverse ligament (fig. 81,") con-
sists of a series of very short parallel
fibres, which unite the neck of the rib
to the anterior surface of the contiguous transverse process.
These fibres are seen by removing horizontally a portion of the
rib and transverse process, and foreibly drawing one from the other.

3. The anterior or long costo-transverse ligament (figs. 66,
80,*) (lig. transversarium internum, seu cervicis costee in-
ternum,— Weitbr.) is usually divided into two fasciculi of
fibres, both nearly in apposition, and on the same plane.
They pass from the neck of the rib obliguely upwards and out-
wards to the lower
margin of the trans- Fig. 81.¢
verse process next
above it. These do
not exist in the arti-
culations of the first
and last ribs.

The articulation
between the tuber-
cle of the rib and the
transverse process is
provided with a sy-
novial capsule.

* A few dorsal vertebrse, and ribs connected with them, are seen from
behind. 1, 2, are on the laminm of vertebrme, eclose to the inter-spinous
lignments. 3, is one of several li§ﬂm{:l1m subflava, represented n the
figure. They are but slightly seen, being for the most part covered by the
lates of the vertebrm: see figure 71. 4. The anterior costo-transverse
]igumuut. 5. The posterior costo-transverse ligament.

+ A horizontal section of a vertebra and portions of two ribs, to show the
inter-osseous ligament conneeting the neck of the rib to the transverse pro-
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c. The costo-sternal articulations, situated between the
anterior angular extremities of the cartilages of the ribs and
the corresponding fossee in the margins of the sternum, are
covered and supported by, a, an anterior set of lignmr:ntuus-
fibres, (fig. 82,%) thin, scat-
tered, and radiated, (ligamenta
radiatim  disiecta, — Weithr,)
passing from the extremity of
the cartilage to the anterior
surface of the sternum, where
they interlace with those of the
opposite side, and are blended
with the aponeurosis of the pee-
toralis major muscle; b, a pos-
terior set of fibres similarly disposed, but not so thick or nume-
rous, connecting the thoracic surfaces of the same parts;
¢, some ligamentous fibres placed above and others below the
joint; d, a synovial membrane, interposed between the ends of
cach true rib and the sternum. These can be demonstrated by
slicing off' a little of the anterior surface of the sternum and car-
tilages. .

A thin fasciculus of fibres connects the cartilage of the
seventh rib (and, it may be likewise, the sixth) with the xiphoid
cartilage, and is thence called the costo-xiphoid ligament.

Articulation of the cartilages one with the other.—The neigh-
bouring. edges of the cartilages of the ribs, from the sixth to the
ninth, have articular surfaces, which are lined by synovial mem-
branes, and held in connexion by ligamentous fibres. Some of
the articular surfaces are from time to time found to be wanting.

Connexion of the ribs with their cartilages.— The external
extremities of the cartilages are received into rounded depressions

on the ends of the ribs, and the union is maintained only by the
periosteum.

Fig. 82.%

cess of the vertebra on each side. 1. The rib. 2. Transverse process.
3. Lig. capit. coste. 5. Posterior costo-transverse. 6. Inter-osseous or
middle costo-transverse,

* A portion of the sternum with the inner ends of the clavicles, and of
some of the ribs, i3 here represented.

L. The anterior sterno-clavienlar ligament. 2. Inter-clavieular, 3. Costo-
clavieular or thomboid. 4. Inter-articular fibro-cartilage. 6. Costo-sternal.
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Ligaments of the sternum. (Membrana sterni,—Weitbr.)—
The pieces of the sternum are connected by a layer of fibro-
cartilage, placed between their contiguous borders; and, on the
anterior and posterior surfaces, ligamentous fibres may be ob-
served running longitudinally, which serve to strengthen their
connexion. They are sometimes called the anterior and poste-
rior sternal ligaments. The longitudinal fibres are mixed with
those radiating from the costal cartilages, especially in front of
the sternum, where likewise they blend with the aponeuroses of
the pectoral muscles. The anterior portion has thus most of
the accessory fibres, and is rough and irregular; the posterior
one is smooth and pearly in its aspect. '

ARTICULATIONS OF THE SUPERIOR EXTREMITIES.

The superior extremity has but one point of bony attach-
ment to the trunk, namely, that at the sterno-clavicular articu-
lation, the scapula being connected with the trunk by muscles
only.

The articulations of the upper extremity may be arranged
under the following heads, taking them in their anatomical order,
from above downwards: 1, the articulations of the elavicle
at one end with the sterpum, and at the other end with the

scapula; 2, that of the scapula and humerus; 5, of the elbow ;
4, of the wrist; 5, of the hand ; 6, of the fingers.

ARTICULATION OF THE CLAVICLE \#"[TH. THE TRUNK AND
WITH THE SCAPULA.

The clavicle by its inner end articulates with the first bone
of the sternum, and is connected by ligaments to its fellow of the
opposite side and to the first rib. The outer end of the bone is
joined in the same way with the scapula.

Sterno-clavicular articulation.—T'he inner end of the claviele
is considerably thicker than the articular part of the sternum,
and the surface of each of the bones is somewhat concave and
convex. The other structures of which the joint consists are,
an anterior and posterior ligament, an inter-articular cartilage,
and two synovial membranes,

The anterior sterno-clavicular ligament (fig. §2,") passes from
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the inner extremity of the clavicle, downwards and inwards,
upon the surface of the sternum. It is broad, and consists of
parallel fibres, and corresponds, internally, with the synovial
membranes of the articulation, and with the inter-articular earti-
lage to which it is adherent ; externally, with the sternal origin
of the sterno-mastoid muscle.

The posterior sterno-clavicular ligament, of similar confor-
mation with the last, but not so broad or strongly marked, is
placed between the same bones lying at the thoracic aspect of
the joint. Its posterior surface is in relation with the sterno-
hyoideus and sterno-thyroideus muscles.

The inter-articular fibro-cartilage*, nearly circular in its
form, and thicker at the border than at its centre, is interposed
between the articulating surfaces of the sternum and clavicle.
Towards its superior and posterior part it is attached to the
margin of the clavicle, and at the opposite point to the cartilage
of the first rib. 1In the latter situation it is thin and somewhat
prolonged, so that the inferior border of the clavicle rests
upon it.

Synovial membranes.—In this articulation, as in that of the
lower jaw, there are two synovial membranes, of which one is
reflected over the sternal end of the clavicle and adjacent surface
of the fibro-cartilage, the other is disposed similarly between the
cartilage and the articulating surface of the sternum. ;

The inter-clavicular ligament® is a dense fasciculus of fibres,
placed transversely between the contiguous extremities of the
clavicles. Its fibres do not pass directly across from one to
the other; they dip down, and are attached to the upper
margin of the sternum, by which the ligament is rendered con-
cave from side to side. :

The costo-clavicular ligament® (ligamentum rhomboides,—
Weitbr.) does not properly form part of the articulation ;
yet it contributes materially to retain the clavicle in its situ-
ation. It is attached inferiorly to the cartilage of the first rib
near its sternal end, and passes obliquely backwards and up-
wards, to be fixed to a roughness at the under surface of the
clavicle.

Connexion of the clavicle with the scapula.—At its outer
end the clavicle articulates directly with the acromion, and is
connected by ligamentous fibres with the coracoid process.
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The acromio-clavicular articulation is effected between the
acromion process of the scapula
and the external end of the cla-
vicle, each of which presents a
small oval articular surface. These
points are connected, 1st, by a su-
perior ligament, (fig.83,") which is
a thick, broad band of fibres, pass-
ing from the superior surface of the
acromion to the adjacent extremity
of the clavicle; 2ndly, by an n-
ferior ligament similar to the pre-
ceding, but less thick, and placed
at the under surfaces of the same
bones; Srdly, by a synovial membrane lining the two articular
surfaces of the bones.

An inter-articular fibro-cartilage is sometimes present, but it
is more frequently wanting.+ It has, in some instances, been
found to extend through part of the joint, so as only partially
to separate the bones.] I have seen the fibro-cartilage as
distinct in this joint as it is in the temporo-maxillary articu-
lation. Such ecases, however, are of rare occurrence.

A synovial membrane lines the ligaments, and covers the ar-
ticular surfaces of the bones in the usual manner. When there
is an inter-articular cartilage which separates the bones com-
pletely, there are two narrow synovial sacs, disposed in the same
way as those in the sterno-clavicular articulation.

The coraco-clavicular ligament (fig. 83,%), which connects
the clavicle with the coracoid process of the scapula, presents
two parts, each marked by a particular name. There is, how-

* The scapula of the right side (its inner or concave surface) is here shown
in connexion with a considerable part of the claviele and the upper end of the
humerus. The tendon of the biceps musele hangs over this ; but the eapsule
must have been eut through, to expose it so far u

1. Acromio-clavicular ligament. 2. Coraco-
pm:ui{i?. 3. Lig. proprium posterius (seapuls),
Capsular lignment. 6. Coraco-humeral.

¢ Mihi vix vna alteraue vice inuenire contigit, etiamsi smpil.m studiose
quaesiuerim.”—Weitbrecht, “Syndesmologia,” p. 17.

+ Monro, © The Anatomy of the Human Bones,” &e. fourth ed. p. 173;

ung Weitbreeht, Op. cit. p. 17, and tab. i. fig. 4
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ever, no division between them, nor other distinction than that
they look different ways. .

The conotd ligament, which is the posterior or internal fasci-
culus, broad above, narrow below, is attached, inferiorly, to the
root of the coracoid process ; superiorly to a rough space at the
inferior surface of the clavicle, its fibres being directed backwards
and upwards. The trapezoid ligament—the anterior or external
fasciculus—passes from the superior surface of the coracoid pro-
cess upwards, to an oblique line extending outwards from the
tuberosity into which the conoid ligament is inserted ; with the
latter it unites at an angle, one of its aspects being directed for-
wards and upwards, the other downwards and backwards.

Ligaments of the scapula.—There are two ligaments proper
to the scapula: 1. The coracoid ligament * (ligamentum pro-
prium posterius) is a thin flat band of fibres, attached by its
extremities to the opposite margins of the notch at the root of
the coracoid process, which it thus converts into a foramen for
the transmission of the supra-scapular nerve, the artery most
commonly passing external to it. 2. The coraco-acromion liga-
ment* (ligamentum proprium anterius) is a broad, firm, tri-
angular fasciculus, attached by its broader extremity to the cora-
coid process, and by the narrower to the acromion, between
which it is stretched almost horizontally. Its inferior surface
looks downwards upon the shoulder-joint, the superior is covered
by the deltoid muscle.

SHOULDER-JOINT.

The globular head of the humerus and the glenoid cavity of
the scapula are the osseous parts which compese this articulation
(scapulo-humeral). As the head of the humerus is large and
prominent, whilst the cavity is merely a superficial depression,
it must be evident that .they are retained in their situation not
by any mechanical contrivance, but by the capsular ligament,
and the muscles which are attached to the two tuberosities of
the humerus.

The capsular ligament (fig. 83, °) is attached superiorly round
the margin of the glenoid cavity, and inferiorly round the neck
of the humerus, or rather a little beyond this, and more so on
the lower than the upper part of the bone. It is much broader
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in the latter than in the former situation ; and its laxity is such,
that, if the muscular connexions of the humerus be detached, this
bove drops away from the glenoid cavity. The superior and
inner part of this membrane is covered and stremgthened by
a bundle of fibres® passing outwards and forwards from the
coracoid process to the great tuberosity of the humerus (coraco-
humeral ligament). Besides this, it receives additions from the
thick tendons of the supra and infra spinatus, and the teres
minor muscles, which are intimately connected with it, as they
proceed to be attached to the tuberosities of the humerus. By
means of these accessory structures the superior part of the cap-
sule is thick and firm, while the inferior is comparatively thin and
weak. At the inner side the ligamentous fibres of the capsule
are wanting for a small space; and here the upper part of the
tendon of the subscapularis muscle, passing through the opening
(foramen ovale) comes into contact with the synovial membrane.
The fibrous capsule is lined by the synovial membrane; the
external surface, besides the muscles already mentioned, is
covered by the deltoid ; inferiorly, it is in relation with the long
head of the triceps and the circumflex vessels. The insertion of
its inferior border is interrupted to give passage to the long
tendon of the biceps muscle.

The coraco-humeral, or accessory ligament 5, above noticed,
extends obliquely over the upper and outer part of the artieula-
tion ; it is attached to the coracoid process, and thence descends,
intimately connected with the capsule, to the greater tuberosity
of the humerus. :

The glenoid ligament appears to be continuous with the ten-
don of the long head of the biceps muscle : this, at its point of
attachment to the superior margin of the glenoid cavity, sepa-
rates into two sets of fibres, which, after encircling it, meet and
unite inferiorly. These fibres, by elevating the border of the
cavity, render it a little deeper.

The synovial membrane lines the glenoid cavity, and is
reflected over its lower margin until it reaches the inner surface
of the fibrous capsule, on which it is prolonged as far as the
neck of the humerus, where it separates from the capsule, and
is applied upon the articular surface of the head of that bone,
giving it a smooth investment. Viewed in this way, it appears
a simple shut sac; and such it would be but for the peculiar

its lnxity.

Connexion
of muscles.

Foramen for
subacap.
muscle;

foram. for
tend. of
biceps.

Coraco-hu-
meral lig.

Glenoid lig.
continioins
with tend.
of hiceps.

Synovial
memb.;



tube for
tendon of
biceps.

Synovial
bursa above
joint,

Articular
surfaces ;

kind of
movement.

Internal lat.
lig.;

18 tri-
angular ;
its attach-
ments,

Extern, Iat,
attached to
orhic, Iig_

206 - ELBOW-JOINT.

relation of the long tendon of the biceps musele to the shoulder-
Joint. The tendon is in fact enclosed in a tubular sheath,
formed by an offset or process of the synovial membrane, which
is reflected upon it where it is about to pass through the fibrous
capsule, and is thence continued up to the summit of the glenoid
cavity, where it is continuous with that part of the membrane
which invests it. By this provision the integrity of the articu-
lation and of the membrane is preserved.

On the superior and external surface of the capsule a consi-
derable bursa mucosa is sitnated, by means of which the conti-
guous surfaces of the coracoid and acromion processes, and of
the coraco-acromion ligament, are rendered smooth and lubri-
cated, to facilitate the movements of the subjacent capsule, and
the head of the humerus.

THE ELBOW-JOINT.

The lower extremity of the humerus is connected with the
ulna and radius at the elbow, so as to form a hinge-joint. The
sigmoid cavity of the ulna articulates with the trochlea of the
humerus, so as to admit of flexion and extension only, while the
cup-shaped depression on the head of the radius can turn freely
on the rounded tuberosity to which it is applied. The bones
are connected by four ligaments and a synovial membrane.

The internal lateral ligament, (fig. 84, ") composed of diverg-
ing and radiated fibres, presents two parts, each with a different

_ aspect, one looking obliquely forwards, the other backwards.

The anterior part is attached above, where it is narrow and
pointed, to the front of the internal condyle of the humerus; its
fibres, as they descend, become broad and expanded, and are in-
serted into the coronoid process, along the inner margin of the
sigmoid cavity. The posterior part, of the same form (trian-
gular), passes from the under and back part of the same process
of bone downwards to the inner border of the olecranon; the
superior fibres of this portion extend transversely between the
points just named, the rest become successively more and more
oblique.

The external lateral ligament, (fig. 85,%) shorter and much
narrower than the internal, is attached superiorly to the external
condyle of the humerus, and inferiorly becomes blended with
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the annular ligament of the radius; none of .its fibres are pro-
longed to the surfice of that bone—if they were, they would
check its rotatory motion. It is intimately connected with the

Fig. 84.% ] Fig. 85.*

* Figures 84 and 85 are front and back views of the bones and ligaments
of the left fore-arm and hand. 1. The internal lateral ligament. 2. The
external lateral. 3. The anterior. 4. points to - the posterior. 5. Orbi-
cular ligament of the radius. 6. Inter-osscous membrane, 7. Round liga-
ment, 8. Internal ligament of the wrist. 9. External of the same. 10.
Anterior, 11. Posterior. 12. Palmar, and 13, dorsal carpo-metacarpal liga-
ments. 14, Ligaments connecting metacarpal bones,  15. Transverse meta-
earpal ligament. 16. Carpo-metacarpal ligament of thumb (capsular). 17.

Lateral ligaments conneeting the phalangal to the metacarpal bones. 18,
Lateral ligaments of phalanges,
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tendinous attachment of the extensor museles ; on which account,
when dissected, it presents a jagged irregular appearance.

The anterior ligament (fig. 84,%) is a broad thin membrane,
placed in front of the joint, extending from the rough margin of
the fossa, which receives the coronoid process during flexion,
downwards to the anterior border of the coronoid process, and to
the annular ligament of the radius. Some of its fibres are
directed obliquely downwards and outwards, others are vertical.
It is continuous at each side with the two preceding ligaments.

The posterior ligament, (fig. 85,*) loose and weak, consists of
fibres proceeding in opposite directions ; thus some pass trans-
versely between the adjacent margins of the fossa which receives
the head of the olecranon; whilst others, subjacent to these,
but not very well marked, pass vertically from the superior con-
cave margin of that fossa to the extremity of the oleeranon.

Though these struetures are described and named as separate
ligaments, it will be found, on examination, that they form a
continuous membrane placed round the joint, as fibrous capsules
usually are, except only that the irregularity of the surfaces to
which they are attached prevents their continuity from being
readily perceived, and gives them the appearance of distinct
ligamentous connexions passing from one point of bone to
another.

The synovial membrane of the elbow-joint, after having
covered the articular extremity of the humerus, is prolonged a
little on the anterior surface of that bone, as far as the attach-
ment of the anterior ligament, where it is reflected, and applied
to the internal surface of that membrane, lining it as far as its
radio-cubital insertion; at that point the synovial membrane
leaves the fibrous one, and invests the articular surfaces of the
radius and ulna, and is extended over them until it comes into
apposition with the posterior ligament, by which it is guided to
the extremity of the humerus; in the same way, it lines the
lateral ligaments. Besides these reflections, the membrane
forms two pouches, one by being prolonged into the joint
formed between the small sigmoid cavity of the ulna, and
the head of the radius; the other where it passes between
the annular liganment and the contiguous surface of the head
of the radius.

When the joint is laid open, and the bones extended, it will
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be observed that the head of the radius is not in contact with
the rounded articulating process of the humerus. On which ac-
count, in the extended state of the limb, the rotatory motions
of this bone are performed with much less ease than in that of
flexion, from its wanting support at its upper end. The part of
the humerus here referred to is moreover covered with cartilage
only on its anterior aspect, indicating that the radius moves on
it only when in the flexed position.

THE UPFER RADIO-ULNAR ARTICULATION.

The head of the radius articulates with the small sigmoid
cavity of the ulna, on which it rolls when
it is made to turn on its axis. These Fig. 86.%
surfaces are covered with cartilage, and in- :
vested by the synovial membrane of the
elbow-joint. The radius is connected to
the ulna by an annular ligament.

The annular or orbicular ligament (lig.
orbiculare radii,—Weithr.) (figs. 84, 85,%)
is a strong band of circular fibres, which, by
being attached to the borders of the small
sigmoid cavity, forms a ring (fig. 86,%) en-
circling the head of the radius, and bind-
ing it firmly in its situation. Its external
surface is connected with the external lateral ke
ligament of the elbow, whose fibres are inserted into it; the
internal is smooth, and lined by tlie synovial membrane of the
elbow-joint.

THE MIDDLE RADIO-ULNAR ARTICULATION.

The interval between the radius and ulna in the fore-arm is
occupied by an inter-osseous ligament and a round ligament,
which serve to connect them together, and form what is called
the middle radio-ulnar articulation.

The inter-osseous membrane (figs. 84, 85,) (membrana

* The upper end of the ulna, with the orbicular ligament for the head of
the radius. 1. Olecranon., 2. Coronoid process. 5. Orbicular ligament.

II

Articular
surfaces,

Synovial
from elbow-
juint.
Orbicular
ligament ;

connected
w, ext. lat,
lig.



Tnter-oss.
memhrane §
direction of
filires ; does
not reach
upper end
of bones,

Foramen for
artery.

Hiatus in-
ter-oss.

Round lig.

higher than
inter-oss,
membrane ;

direction
different.

Thin filres
COVET joint.

Triangular
fibro-carti-
1rlgc fixed
to bones at
base and

apex ;

210 MIDDLE RADIO-ULNAR ARTICULATION.

inter-ossea) is a thin, flat, fibrous membrane, the direction of
its fibres being obliquely downwards and inwards, from the inner
sharp border of the radius to the contiguous one of the ulna. It
does not reach the whole length of the bones, as it commences
about an inch below the tubercle of the radius. The surfaces
of this membrane are intimately connected with the deep-seated
muscles of the fore-arm, serving to increase their points of origin
as well as to connect the bones. Above the lower margin it
leaves an opening for the transmission of the anterior inter-
osseous vessels to the back of the fore-arm ; and the posterior
inter-osscous vessels pass backwards in the space above the
membrane (hiatus inter-osseus).

The round ligament (ligamentum teres, v. chorda transver-
salis, —Weitbr.) (fig. 84,7) in some measure supplies the defi-
ciency left by the inter-osseous ligament at the superior part of
the arm. Tt is a thin narrow fasciculus of fibres, extending ob-
liquely from the coronoid process, downwards and outwards, to
be attached to the radius, about half an inch below its tuberele.
The direction of its fibres is therefore altogether different from
that of the fibres of the inter-osseous ligament.—Some small
bundles of fibres, having the same direction as the round liga-
ment, are often to be found at intervals on the posterior surface
of the inter-osseous membrane.®

THE LOWERL RADIO-ULNAR ARTICULATION.

At the lower or carpal end of the radius and ulna, the former
rotates on the latter as its point of support, the articulating sur-
face of the radius being concave, that of the ulna convex. The
bones are connected anteriorly and posteriorly by some fibres
passing between their extremities, so thin and scattered as
scarcely to admit or require description, but internally they are
Joined by a fibro-cartilage and a synovial membrane.

The fibro-cartilage, (cartilago intermedia triangularis, —
Weitbr.) triangular in form and thick, is placed transversely
between the bones (fig. 87,%). It is attached by its base to a
rough line separating the carpal from the ulnar articulating sur-

* Weithrecht, Op. citat., p. 34, and fig. 11.
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face of the radius, and by its sum- Fig. 874
mit to a depression at the root of
the styloid process of the ulna, and
to the side of that process. The
superior surface of the fibro-carti-
lage looks towards the head of the
ulna, the inferior to the cuneiform
bone: both are smooth, and lined
by synovial membrane ; the inferior
one by the large membrane of the
wrist-joint, the superior by a small one peculiar to the radio-
ulnar articulation. Its two borders are connected with the
carpal ligaments. There is occasionally a perforation at the
middle of the fibro-cartilage. As the radius rolls on the ulna,
this cartilage is carried with it, and forms its chief bond of union
with the latter bone,

The synovial membrane is frequently called membrana sacci-
formis, though there is nothing in its conformation, except,
perhaps, its looseness, which distinguishes it from other synovial
sacs. It may be considered as presenting two parts, one pro-
jecting perpendicularly upwards into the articulation of the
radius and ulna, lining the contiguous surfaces of each ; the other
placed horizontally between the head of the ulna and the corre-
sponding surface of the fibro-cartilage, lining them also ; both,
however, are formed by a continuous membrane. This * sacci-
form™ synovial membrane is continuous with that of the wrist-
joint, when the triangular fibro-cartilage, being perforated, is in-
sufficient to form a complete barrier between the two mem-
branes.

THE WRIST-JOINT.

This articulation (radio-carpal) is formed above by the radius
and triangular fibro-cartilage, and the first three bones of the
carpus below. The articular aspect of the former, when viewed
in the fresh state, presents an oval and slightly concave surface,

+ The lower ends of the radius and ulna, with the triangular fibro-carti-
lage comnecting them. 1. Ulna; 2, its styloid process. 3. Radius;
4, its articular process for the scaphoid bone, and 5, that for the semilunar.
6. The triangular fibro-cartilage ; its lower surface. A piece of whalebone
(*) has been passed between the upper surface and the head of the ulna.
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its greatest breadth being from side to side. The surface of the
radius is divided into parts, by a line extending from before
backwards; so that these, together with the cartilage, present
three articular surfaces, one for each carpal bone. The scaphoid,
semi-lunar, and cuneiform bones are articulated together, so as
to form a rounded convex surface, which is received into the
concavity above described. Four ligaments and a synovial
membrane retain these parts in their situation, as follow : —

The wnternal lateral ligament (figs. 84, 85,%) passes directly
downwards, from the extremity of the styloid process of the
ulna, to be attached to the cuneiform bone: it also sends some
fibres to the anterior annular ligament and the pisiform bone.
Its form is that of a rounded cord ; its inner surface is in contact
with the synovial membrane of the radio-carpal articulation.

The external lateral ligament? extends from the styloid pro-
cess of the radius to a rough surface on the outer side of the
scaphoid bone, some of its fibres being prolonged to the trape-
zium, and also to the annular ligament of the wrist.

The anterior ligament™, (radio-carpal,) broad and mem-
branous, is attached to the rough border of the carpal extremity
of the radius, and to the base of its styloid process ; from which,
and to a small extent from the ulna, its fibres pass down to be
inserted into the anterior surface of the scaphoid, semi-lunar, and
cuneiform bones. It is pierced by several foramina for the trans-
mission of vessels: one of its surfaces is lined by the synovial
membrane of the joint, the other is in contact with the tendons
of the flexor museles.

The posterior ligament™ extends obliquely downwards and
mnwards, from the extremity of the radius, and from a small por-
tion of the ulna, to the posterior surface of the semi-lunar and
cunciform bones; its fibres appear to be prolonged for some
way on the carpal bones. One surface is in contact with the
synovial membrane, the other with the extensor tendons. Botl
the anterior and posterior ligaments are connected to the sides of
the triangular fibro-cartilage which binds the radius to the ulna.
The whole of the preceding ligaments are continued one into
the other around the wrist-joint without interruption.

The synovial membrane, after having lined the articular sur-
face of the radius, and the triangular fibro-cartilage, is reflected
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on the anterior and posterior ligaments, and thence over the
surface of the carpal bones.

=,

ARTICULATIONS OF THE CARPAL BONES ONE WITH
ANOTHER.

The bones of the carpus consist of two sets, each united by
its proper connexions, so as to form a row ; and the two rows
are connected by fibrous bands and a synovial membrane, so as
to form between them a joint.

The connexions proper to the first row are inter-osseous
fibro-cartilages, and ligaments placed on their dorsal and palmar
surfaces,

The inter-osseous fibro-cartilages are two lamellwe, one placed
at each side of the semi-lunar bone, connecting it with the sca-
phoid and cuneiform bones. The carpal extremity of these is
smooth, and lined by the synovial membrane of the wrist-joint.

The palmar ligaments are two, one extending from the sca-
phoid bene to the semi-lunar, the other from the semi-lunar
to the cuneiform, their direction being transverse ; and, as their
fibres are partly united, they may be considered as a continuous
band connecting these bones. The dorsal ligaments are also
two, disposed similarly, and connecting the same bones on their
posterior surfaces. _

The pisiform bone stands out of the range, and rests on the
palmar surface of the cuneiform, with which it is articulated by
an irregular fibrous capsule and a synovial membrane. There
are likewise two strong ligaments, by one of which the bone is
connected to the unciform, and by the other to the fifth meta-
carpal bone.

The carpal bones of the second range are also connected by
similar means. Three dorsal and palmar ligaments pass trans-
versely from one bone to the other. There are, however, but
two nter-osseous fibro-cartilages, placed one at each side of the
os magnum, connecting it with the trapezoid externally, and the
unciform internally. Such are the means of connexion peculiar
to each row.

The ligaments which connect the upper to the lower row of
bones are placed at their palmar, dorsal, and Jateral aspects.
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The lateral ligaments are placed one at the radial, the other
at the ulnar border of the carpus; the former connects the sca-
phoid bone with the trapezium, the latter the cuneiform with the
unciform.

The palmar or anterior ligament consists of fibres, which pass
obliquely from the bones of the first to those of the second
range. The dorsal, or posterior, is similar in structure and ar-
rangement.

Synovial membrane.—It may be observed, that the first
range of carpal bones forms a concavity ; the second, particularly
the os magnum and unciform, a convexity, which is received
within it: by these means a ball-and-socket joint is formed,
which is completed by a synovial membrane reflected over the
articular surfaces of the different osseous pieces which compose
it.  The membrane, likewise, sends two processes between the
three bones of the first row, and three between those of the
second, so as to facilitate their respective motions. It more-
over continues downwards to the joints formed between the
carpal and the four inner metacarpal bones ; and in some cases
there is a like continuity with the synovial membrane belonging
to the wrist-joint.

CARPO-METACARFPAL ARTICULATIONS.

The last four metacarpal bones are connected with those of the
carpus by means of two sets of fibrous bands, situated one on
the palmar (fig. 84, '), the other on the dorsal surface (fig. 85,
%), the latter being better marked.

Dorsal ligaments.—All but the fifth metacarpal bone receive
two bands. Thus, to the second, or that of the fore-finger,
a thin fasciculus of fibres passes from the trapezium, another
from the trapezoid bone; the third receives one from the latter,
and also from the os magnum ; the fourth from the os magnum
and also from the unciform; but the fifth is connected to the
latter only. On the pafmar surface a similar mode of con-
nexion exists, but the fibres are not so well defined.

I'nter-osseous ligament.—There are likewise short thick inter-
osseous fibres in one part of the carpo-metacarpal articulation,
—connecting the lower and contiguous corners of the os mag-
num and unciform to the neighbouring angles of the third and
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fourth metacarpal bones. This ligament is displayed by remov-
ing the dorsal ligaments, and with them a portion or layer of the
" osseous structure. The synovial membrane for the four inner
carpo-metacarpal articulations is continued from that which lines
the articulations of the carpal bones one with another.

The metacarpal bone of the thumb is articulated on quite a
different principle from the others; for, as it admits of all the
motions except rotation, it is connected to the l;mpc:zlum by a
capsular ligament (membranula capsularis,— W eitbr. o, which
passes from the rough border bounding its articular surf':u::e to
the trapezium. These parts are lined by a separate synovial
membrane.

CONNEXION OF THE METACARPAL BONES ONE WITH THE
OTHER.

The carpal extremitics, or bases, of the last four metacarpal
bones are bound together by three transverse fibrous bands ™
(which are slight, and often ill-defined,) on the palmar, and
the same on the dorsal surface, passing from one to the other.
These bones are likewise bound together by numerous inter-
osseous ligamentous fibres which occupy part of their lateral
surfaces, " Another portion of each of these surfaces is covered
with cartilage, and lined with synovial membrane continued
down between the metacarpal bones from the carpo-metacarpal
articulation.

The digital extremities (heads) of the metacarpal bones are
connected at their palmar aspect by thin lignmentous fibres pass-
ing across them from one to the other, and blended with the
ligaments connecting the metacarpal bones to the phalanges.
The whole is ealled the transverse ligament (membrana liga-
mentosa,— Weitbr.) Its place is indicated, fig. 84, ' ; but it is
better shown, though not numbered, in fig. 85, at the meta-
carpo-phalangal joints.

ARTICULATION OF THE METACARPAL BONES WITH THE
FPHALANGES, AND OF THE LATTER ONE WITH THE
OTHER. ——

The rounded head of each of the last four metacarpal bones
being received into the slight concavity situated in the extre-
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mity of the first phalanx, is maintained in its position by two
lateral ligaments, an anterior ligament, and a synovial membrane.

The lateral ligaments consist of dense and thick fasciculi of
fibres (fig. 84, '7), placed one at each side of the joint, and
attached each by one extremity to the side of the metacarpal,
by the other to the contiguous extremity of the phalangal bone,
the direction of the fibres being downwards and forwards.

The anterior or palmar ligament occupies the interval be-
tween the foregoing on the palmar aspect of each joint; it is
very thick and dense, and is firmly united to the first phalangal
bone, and but loosely adherent to the metacarpal. The anterior
lignment is continuous at each side with the lateral, so that
the three form one undivided structure which covers the joint,
except on its dorsal aspect. Its palmar surface is grooved for
the flexor tendons, whose sheath is connected to it at each side ;
the other surface, looking to the interior of the joint, is lined
by the synovial membrane, and supports the head of the meta-
carpal bone.* In the ligaments of the thumb there are two
sesamoid bones, placed one at each side.

The synovial membrane invests the surfaces of the heads of
the bones, and is reflected on the ligaments which connect
them, -

The phalanges are articulated with one another ®, on the
same principle as that which obtains in the articulation between
their bases and the metacarpal bones ; it is therefore unnecessary
to repeat what has been just stated on that subject.

There are some other fibrous and ligamentous structures
which deserve to be noticed in this place, but not as being con-
nected immediately with the joints; they are rather accessories
to the tendons of the muscles. Thus: along the margins of the
phalanges, on their palmar aspect, are attached the vaginal

* M. Cruveilhier (Op. ecit. t. i. p. 440) considers the name * glenoid liga-
ment” to be most appropriate to these ligaments, on the ground that they
serve to continue and complete the shallow (glenoid) articular éavity of the
first phalanx ; the =ize of which he rcrfnrssa as otherwise disproportion-
ately small in comparison with the head of the metacarpal bone,




WITH THE PHALANGES. 217

ligaments, which form sheaths for the flexor tendons, and bind
them securely in their situation ; these are thick and firm along
the body of the phalanges, but over the flexures of the joints
they are thin, so as not to impede their movements ; their inner
surface is lined by a fine membrane resembling the synovial
class, which is reflected over the tendons, giving to each a
smooth and shining appearance.

The posterior annular ligament of the wrist is continuous
with the fascia of the fore-arm, of which it may be considered a
part. It extends from the extremity of the radius, at its outer
border, to the inner border of the ulna and the pisiform bone,
and serves to bind down the extensor tendons,

The antertor annular ligament is a dense fasciculus of
fibres, extended across the carpus from the pisiform and un-
ciform bones to the trapezium and scaphoides, so as to form
a canal which transmits the flexor tendons, retains them in their
situation, and modifies their direction and power of action on
the hand.

ARTICULATIONS OF THE PELVIS.

The os sacrum, considered as the common point of support
of the vertebral column above, the os coceygis below, and ossa
innominata on each side, is connected with each of these in the
following manner :—

Saero-vertebral articulation.—The base of the sacrum is
articulated with the last lumbar vertebra by means similar to
those which connect the different pairs of vertebrae throughout
the column; 1, by an inter-vertebral substance placed between
their oval surfaces; 2, by the continuation of the anterior and
posterior common ligaments ; 3, a ligamentum subflavam con-
necting the arches of the last vertebra with the posterior border
of the sacral canal ; 4, an inter-spinous ligament ; 5, two synovial
membranes and fibrous structure for the articulating processes ;
and lastly, a sacro-vertebral ligament. All these, except the
last, being similar to the connecting media throughout the
column, require no farther description in this place.

The sacro-vertebral ligament (fig. 90, ") extends obliquely
from the transverse process of the last lumbar vertebra down-
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wards to the depressed lateral surface at the base of the sacrum ;
its form is triangular, as its fibres diverge and expand towards
the sacro-iliac symphysis.

The ilio-lumbar ligament * is extended horizontally between
the summit of the transverse process of the last lumbar vertebra
and the posterior extremity of the erista of the ilium, where its
fibres expand somewhat, so as to give it a triangular form.
T'his is the only bond of union between the true vertebra and
the os ilium.

The sacro-coceygean articulation is effected by, 1, an ante-
rior ligament (fig. 89, %), consisting of irregular fibres, placed
in front of these bones, subjacent to the rectum; 2, by a poste-
rior ligament more strongly marked, composed of fibres which
descend upon the bones of the coceyx, from the margin of the
inferior orifice of the sacral eanal, which it serves to close in and
complete; 3, by a thin layer of fibro-cartilage, which is of
soft consistence, interposed between the contiguous extremities
of the sacrum and coceyx.

The several picces of the coccyx are connected one to the
other by a continuation of the anterior and posterior ligaments
which unite the sacrum and coecyx, and by very thin interposed
fibro-cartilages. M. Velpeau* states that he had found the
fibro-cartilage to be annular in shape, and that the bones were
covered with cartilage towards the middle of the joint. There
is, in some instances, much softness and pliancy; and a syno-
vial membrane has been mentioned+ as present in those cases
in which the coceyx is freely moveable.

In the adult male, the union between the saerum and coceyx,
and that between the pieces of the latter, is usually ossific.
In the female this change most commonly does not occur till a
more advanced period of life; the pieces of the coceyx unite
one to the other in the first place, and the joint between the
sacrum and coceyx is not ossified till old age comes on. The
mobility increases during pregnancy.

The sacro-iliac articulation, often named the sacro-iliac
symphysis, or synchondrosis, is formed between the rough
lateral surfaces of the sacrum and ilium closely applied to one

% Traité compl. de V'art des Acconchemens,” tom. i. p. 9. Paris, 1835.
t M. Cruveilhier, % Anatomie descriptive,” tom. i. p. 356. Paris, 1834.
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another, and connected by an irregular lamella of a cartilaginous
structure,

The posterior sacro-tliac ligaments consist of three or four
sets of short irregular fibres, extended between the posterior
rough portion of the surface on the side of the sacrum and the
corresponding part of the ilium, behind the articular surfaces
of the bones. Some of the fibres pass horizontally between the
bones, others obliquely; of the latter, one band, (fig. 88,
extending downwards from the Fig. 88.%
posterior superior spine of the )
ilium to the tubercles on the
third or fourth piece of the
sacrum, is deseribed separately,
under the name of (from its
direction) the obligue, or (from
being situated superficially to
the others) the posterior sacro-
tliac ligament, They are all
placed deeply in the groove
formed by the ilium and sacrum,
and covered by the origin of the
lumbar muscles. The anterior
sacro-iliac ligament consists of
some thin irregular fibres, (figs.
89, 90,7) placed at the ante-
rior aspect of the sacro-iliac sym-
physis, and attached to the pel-
vie surfaces of the sacrum and
ilinm.

The sacrum and coccyx are
likewise connected with the is-
chium by the following liga-
ments :—

The posterior or great sacro-sciatic ligament, (figs. 88,* 89)

* The left side of the pelvig, and a part of the femur with ligaments. 3.
Coeecygeal hFumenta 4. The great, and 5, the small sacro-geiatic ]lgmuunts
13. Cotyloid, 14 L:lgﬂ.uuunlum teres of ILlp joint.—This sketch is inncen-
rate; e. g. the * small” sacro-sciatic lignment and ﬁ}ﬂl!ll'l.l.':t'l are too large;
the mllnﬁ |Ignmcnt of the hip-joint is fixed too high in the fcetabulum,

+ A section of the pelvis having been made, the left lateral half is seen on

Posterior
sagro-iling
ligaments
Yery thick
and short ;

olligue
band.

Anter. lig.
thin.

Cireat sacro-
sciatic lig.;



fa lciform
elongation,

Small snero-
sciat. lig.

Sacro-sciat.
foraminn,—
small and
large, and
their con-
tents.

Symphysis
pubis;

220 SACRO-SCIATIC LIGAMENTS.

(ligam. sacro-ischiaticum majus,—Weitbr.) elongated, broad,
and triangular, is placed at the inferior and posterior part of the
pelvis, whose lower aperture it assists materially in closing.
Its base or broader part is attached to the postero-inferior
spine of the ilium and to the side of the sacrum and coceyx;
whilst its other extremity is fixed along the inner margin of
the tuber ischii, where it expands somewhat, and sends up-
wards and forwards along the margin of the ramus of that bone
a falciform process, which presents one surface looking towards
the perineeal space, and the other to the internal obturator
muscle; the concave margin is connected with the obturator
fascia. The posterior surface of this ligament gives origin to
part of the gluteus maximus ; the anterior is covered partly by
the small sacro-sciatic ligament.

The anterior or small sacro-sciatic ligament, (lig. sacro-
ischiaticum minus, internum, —Weitbr.,,) much shorter and
thinner than the preceding ligament, is attached by its base
to the side of the sacrum and coceyx, where its fibres are
blended with those of the great ligament, and by its apex
to the spinous process of the ischium; its form is triangular,
the direction of its fibres forwards and outwards. This, the
smaller ligament, has behind it the larger one, and in front,
or towards the pelvic cavity, it is in contact with the cocey-
geus muscle.

The spinous process of the ischium, its tuberosity, and these
two ligaments bound an oval interval, (small sacro-sciatic fora
men,) through which pass the obturator internus muscle, and
the internal pudic vessels and nerve; and above the border of
the shorter ligament is a large oval opening, (larger sacro-
sciatic foramen,) bounded before and above by the margin of
the ilium and ischium, and behind by the great ligament,
which transmits the pyramidalis muscle, the great sciatic
nerve, the gluteal and ischiadic vessels and nerves. The liga-
ments, therefore, convert the sacro-sciatic notches of the bones
into foramina.

The pubic articulation (symphysis pubis) is formed by the

the inner side with lignments : viz. 3. Sacro-coceygean. 4. Great sacro-
sciatie. 5. Small snero-seiatic. 7. Aunterior sacro-iline, 10, Obturator.,
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junction of the ossa pubis in the median livie anteriorly. This
is effected by an elongated piece of fibro-cartilage, interposed
between their surfaces, and connected to each, and ligaments
surrounding the joints. '

The fibro-cartilage consists of concentric lamellee, as indi- fibro-car-
cated in fig. 89, is thicker anteriorly than posteriorly, and fre- s
quently projects beyond the level of the bones in the latter
direction. A provision is made in this part for a slight degree
of movement, which, however, is more perceptible in the female
than in the male. Each pubic bone, properly speaking, has its
own plate of fibro-cartilage. These plates are connected by
fibres passing transversely from one to the other at the fore
part as well as at the upper and lower border ; but at the middle
and back part they are smooth, and often lined by a slight
synovial membrane.

The union between the bones Fig. 90.% lignments
is strengthened, 1st, by an ante- LIS
rior pubic ligament, (fig. 90, *)
which consists of irregular fibres,
passing obliquely across from one
bone to the other, and decussat-
ing on the anterior surface of the
fibro-cartilage ; the fibres are in-
termixed with those of the apo-
neuroses of the external oblique
muscles of the abdomen ; 2ndly,
the sub-pubic ligament, (fig. 90,
%) (ligamentum triangulare, ar-
cuatum,) thick and triangular,
which is placed beneath the sym-
physis, its sides being attached to the rami of the pubis, its
base free and slightly conecave, directed downwards and back-
wards to the perinzal space; 3rdly, by some indistinct fibres poster. and
which are situated on the posterior surface of the articulation, Fper pubic
and others placed on its upper border; these may be named
from their position.

sub-pubic ;

* The right side of the pelvis, and a portion of the femur with ligaments.
1. Sacro-vertebral ligament. 2. Ilio-lumbar. 7. Anterior sacro-iliac. 8.
Anterior pubie. 9. Sub-pubie. 10, Obturator. 11. Capsule of the hip-
joint, 12. Ilio-femoral.
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The obturator ligament (figs. 89, 90, '} (membrana obtu-
rans foraminis thyroidis,—Weitbr.) is properly a fibrous mem-
brane, inserted into the border of the obturator foramen, which
it closes in its entire extent, except at the upper and outer part
of its circumference, where a small oval aperture is left for the
exit of the obturator vessels. The membrane is fixed accurately
to the margin of the bone at the upper and outer side of the
foramen, and to its posterior surface on the inner side.® The
obturator muscles are attached to its surfaces.

ARTICULATIONS OF THE LOWER EXTREMITY.
HIP-JOINT.

This is a true ball-and-socket joint, in which the globular
head of the femur is received into the acetabulum or cotyloid
cavity. The articulating surfaces are covered by cartilage in
the greater part of their extent. It is deficient, however, at the
bottom of the cavity, and also a little beneath the central point
of the head of the femur; the latter marking the insertion of
the round ligament, the former a shallow fossa for the lodge-
ment of the structure which has been called the synovial gland.
The connecting means in this articulation are three ligaments,
viz. a capsular, cotyloid, and inter-articular ligament, together
with a synovial membrane.

The capsular ligament, dense and firm in its texture, repre-
sents a fibrous tube, (fig. 90, ') whose direction is downwards
and outwards ; being attached by one extremity round the mar-
gin of the cotyloid cavity, by the other to the neck of the
femur. Its superior circumference, in the greater part of its
extent, is attached to the bone, within two or three lines of the
cotyloid ligament ; but opposite the notch, where the margin of
the cavity is deficient, it is attached to the transverse ligament.
I'ts inferior circumference is inserted in front into the oblique line
leading from one trochanter to the other; but, superiorly and
behind, its fibres are implanted into the neck of the bone, within

y "'“ A detailed description of the exact manner of connexion with the bone
15 given by Winslow in “ An Anatomical Exposition,” &e. Sect. ii. § 115.
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a quarter of an inch of the trochanteric fossa, and about the
same distance from the posterior inter-trochanteric line. The
ligament is most dense and firm towards the superior and ante-
rior part of the articulation ; inferiorly, its fibres are compara-
tively thin. A firm fasciculus ** of fibres extends obliquely
downwards in front of the joint intimately connected with the
capsule, being calculated to strengthen it, hence it is called its
% accessory " ligament ; but as one extremity of it is attached to
the anterior inferior spinous process of the ilium, and the other
to the anterior trochanteric line, it may be called the ifio-
femoral ligament.

The capsular ligament is rough on the outer surface, which is
covered by many muscles ; a synovial bursa separates it in front
from the conjoined psoas and iliacus. The inner surface is lined
with the synovial membrane of the joint. The bursa has been
found to be continuous with the synovial membrane through an
opening of the fibrous capsule.

The cotyloid ligament is a fibro-cartilaginous ring, (fig. 88,
%) placed round the cavity, and serving the purpose of in-
creasing its depth, and completing its border, where it is defi-
cient. It is inclined inwards from the point of its connexion
with the bone, so as to narrow the acetabulum, and as it were
to embrace the head of the femur. The broader part or base
of this structure is attached to the bone, its thin edge is free,
and both its surfaces are covered by the synovial membrane, the
external being in contact with the capsular ligament, the inter-
nal with the head of the femur. Its fibres are not continued
all round; they rather pass obliquely from without inwards,
over the margin of the cavity, one extremity being attached to
the outer, the other to its inner surface. At the cotyloid notch
these fibres are continued from side to side, crossing one ano-
ther, so as to render the ecircumference complete. Some addi-
tional fibres are superadded in this part ; from which circum-
stance, as well as its being stretched across from one margin
of the noteh to the other, it is usually named the transverse
ligament. Subjacent to the transverse portion an interval is
left for the admission of the articular vessels.

The inter-articular ligament (fig. 88,'*) is not unfrequently
called the ¢ round” ligament (tapering?) (ligamentum teres
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capitis femoris,—Weitbr.) It is a thick dense fasciculus of
fibres, implanted by one extremity, which is round, into the
fossa in the head of the femur; by the other, where it is
broad, flat, and bifid, into the margins of the cotyloid notch,
where its fibres become blended with those of the transverse
ligament. The outer surface of this ligament is covered with
a tubular process of the synovial membrane of the joint. It
presents many varieties as to thickness and strength in dif-
ferent cases,

The synovial membrane lines the contiguous surfaces of all
the parts which enter into the composition of the articulation,
giving them a smooth and shining appearance. From the
margin of the articular surface of the femur, it may. be traced
along the neck of that bone as far as the insertion of the capsular
ligament, the inner surface of which it lines as far as its superior
attachment. There it turns inwards over the cotyloid ligament,
and dips into the cavity, lining its entire extent, and, finally
guided as it were by the inter-articular ligament (which it in-
vests by a funnel-shaped process), it reaches the head of the
femur, and invests it as far as the border of its cartilage, whence
we proceeded in tracing its reflections.

THE KNEE-JOINT. (FEMGIU]-TIIIIAL.:I

Thhis is a ginglymus, or hinge-joint, formed by the condyles
of the femur above, the head of the tibia below, (with two in-
terposed fibro-cartilages,) and the patella in front, the contiguous
surfaces of each of the bones being tipped with cartilage, and in-
vested by a common synovial membrane. The joint is sup-
ported by the following ligaments, viz. the external and internal
lateral, a posterior, two crucial, some fibrous membrane, which
may be considered a partial capsular ligament; besides these,
the ligamentum patellzze may be enumerated, and one or two
other structures of minor importance will be mentioned in de-
seribing the details.

The ¢nternal lateral ligament, (figs. 91, 92,?) broad and flat,
connects the tuberosity of the internal condyle of the femur
with the inner surface of the tibia. Inferiorly it is covered by
the tendons of the sartorius, gracilis, and semitendindsus muscles,
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with a synovial bursa interposed ; internally it
rests on the synovial membrane, and is at-
tached to the internal semi-lunar cartilage.
The external lateral ligament® is a rounded
cord-like fasciculus of fibres, shorter than the
preceding ligament, which passes from the
tuberosity of the external condyle of the femur,
to the head of the fibula; its direction is
almost vertical ; its internal surface corre-
sponds with the tendon of the popliteus muscle
and the external articular artery, the external
being covered by the tendon of the biceps
flexor cruris, and the expanded fascia of the
extensor muscles. Posterior to this, but parallel with it, another
ligament (fig. 92,%) is placed, connecting the femur and fibula ;
it is called the short external lateral ligament. The arrange-
ment of this second or accessory part varies; it will occasionally
be found to terminate in the capsular ligament.
The posterior ligament, (fig. 92,%) (liga-
mentum posticum Winslowii,— W eitbr.) broad
and expanded, is a flat plane of fibres, stretched
obliquely behind the articulation from the in-
ternal tuberosity of the tibia to the external
condyle of the femur. The direction of the
greater part of its fibres is from below upwards
and outwards, running diagonally across the
joint, being evidently continuous with the
tendon of the semi-membranosus musele, of
which they may be regarded as a prolongation.
This ligament, however, cannot be considered
as formed solely by a reflection of the tendon
of the semi-membranosus, or merely as the third insertion of
that musele; for several transverse and perpendicular fibres are
observed in it, distinct from those of the reflected tendon.

* Figure 91 is a front.view of the ligament of the left knee-joint ; parts of
the femur, the tibia, and fibula, with the patella, are discernible. Figure 92
is & back view of the same. 1. Ligament of the ]mt{:”FI.. 2. Internal late-
ral of knee-joint. 3, 4, External lateral of same. 5. DPosterior ligament,
in connexion with the tendon of the semi-membranosus muscle.
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Some apertures may be observed between its fibres, which trans-
mit the posterior articular vessels.

The ligamentum patelle (fig. 91,%) is a flat strong band of
tendinous fibres, which connects the patella with the anterior
tuberosity of the tibia, and through the medium of it the
extensor muscles are inserted to this bone.* Its superior
extremity is attached to the apex of the patella, and to a de-
pression on its posterior surface; its superficial fibres pass up-
wards on the anterior aspect of the bone, and become con-
tinuous with those of the tendon of the rectus femoris: the
inferior extremity is a little expanded ; towards the middle its
borders are slightly tucked in. The posterior surface of this
ligament looks to the synovial membrane of the knee-joint,
from which it is separated by some adipose substance, as it is
inferiorly from the tibia by a synovial bursa.

Capsular membrane (membrana capsularis, — Weitbr.) —
Under this name are described portions of fibrous membrane,
which cover the synovial membrane in the intervals of the
proper ligaments of the joint above described. This structure
is very thin, and is connected to the patella, to the femur, tibia,
and the inter-articular cartilages. Posteriorly it covers the
condyles of the femur beneath the heads of the gastrocnemius
muscle. In this situation the web is peculiarly slight, and a
sesamoid bone will often be found in connexion with it over
one, and less frequently over both condyles.

But the joint is much more efficiently supported by other
accessory structures (““ corroborationes accessoriw,” as they have
been named,) than by the slender membrane now pointed out.
These are derived from the fibrous expansion of the vasti
muscles and the fascia lata, which blend anteriorly and laterally
with the capsular membrane, and are sometimes considered to
form part of it: and under the same denomination may be
included the heads of the gastrocnemius and the tendon of the

* From this circumstance, together with the fact that it does not connect
pieces of the skeleton one to the other, (the patella can be regarded only as
a large gesamoid bone and an appendage to museles,) the so-named ligament
s not unfrequently or unfitly regarded as the tendon of a muscle, It seems
well, however, that it should, according to usage, be noticed among the liga-
ments, in eonsequence of its close connexion with the joint; and, in the
words of Weitbreeht, it may be added, “8i quis vero illud cum Walthero pro
vero ligamento habere malit, parumn refragabor.”
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popliteus muscle, because of the support they afford to the
joint.

The crucial or obliqgue ligaments (ligamenta cruciata in
poplite,—W eitbr.) are placed at the posterior part of the joint,
external to the synovial membrane, but partially invested by it.
As the name imports, their direction is oblique, so that they
cross or decussate somewhat like the lines of the letter X ; the
posterior one, however, approaches more nearly a perpendicu-
lar direction. One is named anterior, the other posterior.
The anterior ligament (fig. 93,%) is
fixed by, its lower extremity to a pit,
situated before the spine of the tibia,
where it is connected with the anterior
cornu of the internal semi-lunar carti-
lage; its upper extremity is inserted
into the inner side of the external con-
dyle of the femur; hence its direction
is upwards, backwards, and outwards.
The posterior ligament™ is attached in-
feriorly to the pit behind the spine of
the tibia (where it is intimately con-
nected with the posterior cornu of the
external semi-lunar cartilage), and superiorly to the side of the
inner condyle; its fibres being directed upwards and a little
forwards. Its anterior surface is in contact with the last-
mentioned ligament, and the posterior with the ligamenfum
posticum. Both are thus implanted into the fossa between the
condyles.

The semi-lunar cartilages are two crescent-shaped lamelle of
fibro-cartilage, placed on the articulating surfaces of the head
of the tibia, (to which they are firmly fixed,) and interposed
between them and the condyles of the femur. 'The outer
border of each is thick and convex, the inner thin and concave,
leaving the central part of the superior surface of the tibia un-
covered.

Fig. 93.%

e —

* A view of the condyles of the femur and a portion of the bones of the
leg of the left side. The lower surface of the eondyles was brought into
view by forcibly bending the knee-joint. 6. Anterior crucial ligament.
7. Upper end of the posterior crucial. 8, 9. Internal and external semi-

lunar cartilages, 10. Transverse ligament. 11. Anterior tibio-fibular liga-
ment.
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The internal semi-funar cartilage, (fig. 98,%) elongated from
before backwards, is nealy of a semi-cireular form; its an-
terior cornu is connected with the anterior erucial ligament,
and is inserted into the pit before the spine of the tibia:
the posterior is attached behind the spine, and is in relation
with the posterior erucial ligament; its thick border is con-
nected with the internal lateral ligament, the thin one is free
and unattached.

The external semi-lunar ecartilage® forms nearl ¥ a complete
circle; its two cornua, fixed one before, the other behind the
spine of the tibia, are so close at their insertion that they may
be said to be interposed between the insertions of the internal
semi-lunar cartilage. Tts external border is connected behind
with the tendon of the popliteus muscle, and in the middle
with the external lateral lignment. The superior surface of
the fibro-cartilages is concave, and in apposition with the con-
dyles of the femur; the inferior plane rests on the head of
the tibia.

Both surfaces of cach semi-lunar cartilage are invested in
nearly their entire extent by the synovial membrane.

Transverse ligament.—Towards the front of the joint the
convex borders of the inter-articular cartilages are connected by
a slight transverse band ', which receives this name. Its thick-
ness varies much in different bodies.

The synovial membrane, like all similar structures, forms a shut sae, whose
surface is continuous throughout its entire extent, and, as it lines the con-
tiguous surfaces of all the parts entering into the composition of the knee-
Joint, it must necessarily present rather a complex arrangement. This com-
plexity is inereased by the existence of a small funnel-shaped fold (impro-
perly named ligamentum mucoswn), which is stretehed across the joint,
reaching from the anterior part of the joint at some distance below the
patella backwards to the margin of the fossa, between the condyles of the
femur. In order to exhibit the arrangement of the membrane, the joint
should be laid open by a vertical incision carried along the inner margin of
the patella and its ligament, leaving the ligamentum mucosum untouched.
A lateral view of the joint being thus obtained, all the parts remaining in
their natural position, it will be observed that the synovial sae is interseeted
and in a manner divided into two parts by a transverse funnel-shaped process
(ligamentum mucosum) ; the superior one, elongated and pyramidal, projects
by its summit more than an inch above the patella, its base corresponding
with the breadth of the process just named. The inferior division of the
membrane is quadrilateral, one side being made up of the lower border of
the same process, and the smooth surfuce of the femur with which it is con-
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tinuous ; another, by the articulating surface of the tibia ; posteriorly it cor-
responds with the posterior erueial ligament, and anteriorly with the part of
the membrane reflected on the liganmentum patelle.

If we commence at the superior border of the patella to trace the reflee-
tions of the membrane, we find that it descends, lining its articulating sur-
face 3 below its inferior border it corresponds with the liganmentum patella,
from whieh it is separated by a considerable quantity of adipose matter ; on
reaching the margin of t'hu tibia, it is reflected over its articulating surfaces,
and also on both aspects of the semi-lunar cartilages, giving them a smooth
investment ; round the crucial ligaments also it forms partial investments,
enclosing them as far as their attachments to the femnr. The membrane
will thus be found to be guided to the articulating surface of that bone at
several points, viz. by the two erueial ligaments, by the funnel-shaped pro-
cess, and by the external margin of the semi-lunar cartilages ; from these
points it expands over the condyles, and, after ascending for some way in
front of the femur (forming a eul-de-sac between it and the tendon of the
extensor museles), it passes downwards to the margin of the patella, from
which we proceeded to trace its reflections. At the sides of the patella the
membrane forms two slight folds which are named * aler™ ligaments (li-
gamenta alaria).

PERONEO-TIBIAL ARTICULATION.

The superior and inferior extremities of the tibia and fibula
are connected by ligaments and synovial membranes, and the
shafts of these bones are moreover maintained in relation by an
inter-osseous membrane.

The contiguous extremities of the bones present superiorly
two flat oval surfaces covered with cartilage, which are closely
applied to one another, and retained in situ, 1, by an anterior
ligament, (ligamentum superius anticum,) (figs. 93," 5 94,7,
which is a broad flat band of fibres, passing obliquely upwards
and inwards, from the head of the fibula to the internal tube-
rosity of the tibia; it is covered and strengthened by the
tendon of the biceps flexor cruris ; 2, by a posterior ligament,
(ligamentum superius posticum,) (fig. 92, '%,) similarly disposed
behind the articulation, but stronger and thicker ; 3, by a sy-
novial membrane, which lines the articulating surfaces of the
bones ‘and ligaments. It not unfrequently happens that the
synovial membrane is continuous with that of the knee-joint,
of which, in such cases, it might be considered a prolong-
ation,

The inter-osscous membrane, (septum longitudinale inter-
osscum,) (fig. 94,%) which conncets the bodies of the tibia
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and fibula, flat and membranous, is composed of
a series of parallel fibres, extending obliquely
between the external ridge of the tibia, and the
ridge on the inner surface of the fibula. Most of
the fibres run outwards and downwards, others
cross them ; and the membrane they compose is
broader above than below, and presents in the
former situation an elongated opening for the
transmission of the anterior tibial vessels, and in-
feriorly a small aperture for the passage of the
anterior branch of the fibular artery.

The inferior extremities of the tibia and fibula
present two articulating surfaces, of which that of
the former is concave, and receives the latter,
which is convex, both being for a little way co-
vered with cartilage; these are connected by four
ligaments and a synovial membrane.

1. The anterior ligament (tibio-fibular) (fig.
94,°) is a flat band of fibres, extended obliquely
between the heads of the bones, the direction of
its fibres being downwards from the tibia to the
fibula.

2. The posterior ligament, (fig. 95,%,) some-
what triangular, is similarly disposed behind the
articulation ; its external surface is covered by
the peronei muscles,

3. The transverse ligament, (fig. 95,%) longer but nar-
rower than the former, with which its fibres are closely con-
nected, being placed immediately below it, extends from the
external malleolus to the tibia at a short distance from its
malleolar process ; it forms the posterior boundary of the
ankle-joint.

4. The inferior inter-osseous ligament consists of some short
dense fibres, which connect the lower ends of the bones, as the
great inter-osseous ligament does their bodies: it cannot be

* A rlmrt of the femur, the patella, the bones of the leg, and a range of
those of the foot of the left side are viewed in front. Some ligaments of
the knee-joint are distinguishable, 1. Superior anterior tibio-fibular liga-
ment. 2. Inter-osseous membrane. 3, points to the anterior inferior liga-
ment. 4. Deltoid of ankle-joint. 5. Middle division of external lateral ;
and 6. anterior division of same. 7. Anterior ligament of ankle-joint.
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seen until the anterior and posterior ligaments are removed,
and the bones in some degree separated.

The synovial membrane which covers the articular surfaces of
the bones is derived from that of the ankle-joint.

THE ANKLE-JOINT.

This articulation consists of the inferior extremities of the
tibia and fibula, united so as to form an arch, into which the
superior convex surface of the astragalus is received. Their
contiguous surfaces are covered with cartilage, lined by a syno-
vial membrane, and retained in contact by the following liga-
ments. The internal lateral ligament (figs. 94,% and 95,°)
(ligamentum deltoides) is a flat fasciculus of Fig. 95.%
fibres much broader at the lower than the
upper extremity. One extremity is attached
to the inferior border of the internal mal-
leolus, the other to the inner side of the
astragalus, the os caleis, and the scaphoid
bone. The ligament is covered by the
tendons of the tibialis posticus and flexor
longus digitorum pedis muscle.

The external lateral ligament consists of
three distinct fasciculi of fibres, separated by .
intervals, and disposed in different directions. 1. The central
one (figs. 94, °5 95, %) (ligamentum fibule medium) descends
from the extremity of the fibula, and is inserted into the
middle of the external surface of the os caleis. It is crossed
by the tendons of the peroneus longus and brevis muscles. 2.
"The anterior fasciculus (fig. 94,%) (ligamentum fibule anterius)
passes obliquely forwards from the inferior extremity of the
fibula, to the anterior border of the articular surface of the
astragalus ; it is the shortest of the three. 3. The posterior,
(fig. 95,%) (ligamentum fibule posterius,) the strongest of the
three ligaments, passes obliquely backwards from the extremity

* The lower end of the tibia and fibula of the right side, with the bones
of the foot, seen from behind. 1. Posterior inferior tibio-fibular ligament.
2. Transverse ligament ;—being the lower division of the inferior and pos-
terior tibio-fibular ligament. 3. Posterior part of the deltoid ligament
(ankle-joint). 4. Middle division of the external lateral ligament of same
joint. 6. Posterior division of same.
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of the fibula towards the posterior surface of the astragalus,

where it is inserted into the border of the groove for the

tendon of the flexor longus pollicis.

Anter.lig.  Anterior or tibio-tarsal ligament.—At the anterior aspect
of the joint is a broad thin membranous band, (fig. 94,%,)
composed of irregular fibres, extended obliquely from the
border of the articulating surface of the tibia to the margin
of the pulley-like surface of the astragalus. This ligament
is covered by the tendons of the extensor muscles.

Synovial The synovial membrane, after having invested the articu-

memb,3 lating surface of the astragalus, is reflected upwards at each side
upon the lateral ligaments, and, at the anterior and posterior
part of the joint, upon the corresponding fibrous structures, so

extends be- - as to reach the articulating surfaces of the tibia and fibula by
it several points at once. These it lines in their entire extent,
and also sends upwards between them a process which reaches
as far as the inferior inter-osseous ligament; so that the in-
ferior articulation between these bones may be said to form
part of the ankle-joint, as both are lined by the same synovial
membrane.

ARTICULATIONS OF THE FOOT.

The foot being divided into the tarsus, metatarsus, and pha-
langes, its different parts are respectively bound ‘together by
ligaments, and all are united so as to form a whole.

Bones, The seven bones of which the tarsus consists may be divided
into two sets; the os calcis and astragalus forming the first ; the
scaphoid, cuboid, and three cuneiform bones, the second. And

Their artic, their complicated articulations will be arranged in three divi-

aranged M sjons.—a. In the first will be placed the articulations of the
bones of the first row or set one with the other.—&. The second
division will contain the connexion of the first set with the
bones of the second.—e. And the Jast will comprise the con-
nexions of those (the second set of bones) one with another.

A. ARTICULATION OF THE TIRST RANGE OF TAREAL
BONES ONE WITH THE OTHER.

ﬁslrr]lg. W T'he astragalus with the calcancum.—The astragalus is con-
S nected to the caleaneum by three ligaments, the chief of which
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is situated between the bones, and uniteg them somewhat after
the manner that bivalve shells are connected by their muscle.
This is termed the inter-osseous ligament ; its breadth from side
to side is more than an inch; the fibres of which it is cnmpt}scd
pass perpendicularly between the bones, one extremity being
fixed to the groove between the articulating surfaces of the cal-
caneum, the other to a corresponding depression in the astra-
galus. The posterior ligament (fig. 95,°) connects the pos-
terior border of the astragalus with the upper surface of the cal-
caneum ; its fibres are oblique, its length and breadth not more
than three or four lines. The external ligament is a slight fas-
ciculus which descends perpendicularly from the under surface
of the astragalus to the external side of the calcaneum ; its di-
rection is parallel with the middle division of the external lateral
ligament of the ankle-joint. It may be farther observed, that as
the astragalus is wedged in between the malleoli, and as the la-
teral ligaments pass downwards from these to the os calcis, they
must contribute somewhat to retain the astragalus in its proper
position with regard to the latter bone.

Synovial membrane.—There are two sets of articular sur-
faces by which the astragalus and calcaneum are in contact.
The posterior one has a separate synovial sac; while the mem-
brane which lines the anterior articulation is continued forwards
between the astragalus and the scaphoid Dbone.

I. ARTICULATION OF THE FIRST SET OF TARSAL BONES
WITH THE SECOND.

This heading includes—1. The articulation of the os calcis
with the cuboid. 2. The os caleis with the seaphoid. 3. The
astragalus with the scaphoid.

The calcanewm with the cubord bone.—The connexion be-
tween these bones is maintained by three ligaments and a sy-
novial membrane. The superior calcaneo-cuboid ligament is a
broad flat band of fibres, which connects the anterior and su-
perior surface of the calcaneum with the adjacent part of the
cuboid bone. The inferior ligament consists of two distinct
fascieuli of fibres, differing in form and attachments ; of which
one is superficial, the other deep-seated. The superficial one,
called the long plantar ligament (fig. 96, ) (ligamentum
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lig.long.  longum plantze) is the longest of the tarsal ligaments. Its

Enl“h“tfe;zp fibres, attached posteriorly to the inferior surface of the cal-

cale. cub.  eaneum, pass horizontally forwards, and become intimately con-
nected with the rough tuberosity on the under surface of the
cuboid bone; the greater number of them are continued for-
wards, and terminate at the base of the third and fourth meta-
tarsal bones, after covering the tendon of the peroneus longus
muscle. The deep-seated plantar calcaneo-cuboid ligament® lies
close to the bones, being separaled from the former by some
cellular tissue; its breadth is considerable, its length scarcely
an inch, one extremity being attached to the calcaneum before
the long ligament, the other (somewhat expanded) to the under
surface of the cuboid bone.

Inter-oss. Internal or inter-osseous calcanco-cuboid ligament.—Besides

PRBILE ie preceding ligaments there is another series of fibres placed
deeply between the bones in the sinus or pit between the
astragalus and os calcis (its anterior part). These extend
from the os caleis to the inner side of the cuboid; and with

these are others which are directed from the
Fig. 96.# same part of the os caleis inwards to the
scaphoid bone. Both may be considered as

Synovial inter-osseous lignments.—A synovial mem-

e brane lines the contiguous surfaces of the

two bones, and is necessarily reflected upon
the articular aspects of the ligaments.

Ds ealcis T'he calcaneum with the scaphoid bone.

s —This is effected by means of two liga-

ments, their surfaces not being in contact.

Infer. lig. Of these ligaments, the inferior, or plan-

ﬂf}:&m tar one, (fig. 96,") (ligamentum calcaneo-

seaphoideum inferius,—Meckel,) much the
larger, passes forwards and inwards from the
extremity of the caleaneum to the inferior
surface of the scaphoid bone ; its fibres are
flat and horizontal, and in contact inferiorly
with the tendon of the tibialis posticus

* The lignments of the foot (plantar surface). 1. Inferior ecaleaneo-
Ht‘,‘l{‘"'i‘l' 2, Ligamentum longum planta. 3. Deep plantar calcaneo-cu-
boid, 4. Tarso-metatarsal. 5. Transverse ligament. 6. Lateral ligaments
of the phalangal joints. .
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muscle ; superiorly they form part of the fossa which receives
the head of the astragalus, and are lined by the synovial mem-
brane, which is continued forward from the anterior articulation
of the astragalus and os calcis. The external, dorsal, or inter-
osseous ligament (lig. calcanco-scaphoideum externum) forms
the external boundary of the cavity just mentioned ; its fibres,
very short, are directed from behind forwards between the con-
tiguous extremities of the bones. As it lies deeply at the an-
terior part of the fossa between the astragalus and os caleis (sinus
pedis), and is actually between the bones, the ligament may be re-
garded as inter-osseous. In connexion with it is another bundle
of fibres already described as reaching from the os calcis to the
inner part of the cuboid.

T'he astragalus with the scaphoid bone.—The astragalus
forms with the scaphoid bone a ball-and-socket joint. The
anterior articulating surface of the calcancum, and the inferior
caleaneo-seaphoid ligament, also may be said to enter into this
articulation, as all the parts here mentioned are lined by a
common synovial membrane. On the dorsum of the foot the
astragalus is retained in its situation by the ligamentum astra-
galo-scaphoideum, a broad band of fibres extending obliquely
forwards from the anterior extremity of the astragalus to the
superior surface of the scaphoid bone. It is covered by the ex-
tensor tendons. The place of an inferior ligament to connect
these bones is occupied by the ealeanco-scaphoid ligament, on
which the astragalus rests; and this bone wants the security
against displacement which would be afforded by the connexion
of its inferior surface with the scaphoid bone. But on this ar-
rangement of the bones and ligaments depends in a great mea-
sure the elasticity of the arch of the foot, as well as the freedom
of motion which belongs to this part of the tarsus.—The sy-
novial membrane lines the concave surface of the scaphoid
bone, the calcaneo-scaphoid ligament, and the elongated ar-
tieulating surface of the calecaneum ; from these it is reflected
to the under surface of the astragalus and its scaphoid liga-
ment, and so to the bone of that name from which we began to
trace it. In other words, the synovial membrane of this joint is
continued from the anterior of the two joints formed between
the os calcis and astragalus.
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C. ARTICULATIONS OF THE SECOND SET OR RANGE OF
TA]LSA._L BONES ONE WITH ANOTHER,

The second range of the tarsal bones, viz. the scaphoid, cu-
boid, and three cuneiform, are connected together in the follow-
ing manner.

1. The scaphoid and cuboid bones, when in contact, which
is not always the case, present two small articulating surfaces,
at their edges covered with cartilage, and lined by a synovial
membrane. They are connected by a dorsal ligament, com-
posed of short thin fibres, extended obliquely between the two
bones ; a plantar, situated in the sole of the foot, and com-
posed of transverse fibres; and an inter-osseous ligament, which
intervenes between the bones, and is attached to their contiguous
surfaces, ;

2. The cuboid and the external cuneiform bones are con-
nected by a dorsal ligament, which is a thin fasciculus of fibres
extended between them ; a plantar ligament, whose fibres are
transverse, and rather indistinct; and a series of infer-osseous
fibres connected to their neighbouring sides. Between these
two bones a distinct articulation is formed by cartilaginous sur-
faces, lined by a process of the same synovial membrane which
belongs to the scaphoid and cuneiform bones.

8. The scaphoid and the cunciform bones are held together
by dorsal and plantar ligaments. 1t will be recollected that the
scaphoid bone articulates with the three cuneiform, by the
smooth faces on its anterior surface. The dorsal ligaments,
three in number, pass from the superior surface of the scaphoid
to the first, second, and third cuneiform bones, into which they
are inserted. The plantar ligaments, which are similarly dis-
posed on the under surface of the bones, but not so strongly
marked, are continuous with, or off-sets from, the tendon of the
tibialis postiecus.

4. The three cunciform bones are connected by transverse
dorsal ligaments and strong inter-osscous fibres, which (latter)
are their most efficient means of union.  Plantar ligaments can
scarcely be said to exist for the connexion of these bones; the
internal one is broader and stronger than the other. The
contiguous smooth surfaces of the bones are lined by syno-
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vial membrane continued forward from the articulations last
described.

ARTICULATION OF THE TARSUS WITH THE METATARSUS.

The four anterior bones of the tarsus, viz. the three ecunei-
form and the cuboid, articulate with the metatarsus. The first
and third cuneiform bones project beyond the others, so that
the anterior extremity of the tarsus is very irregular. The first
metatarsal bone articulates with the internal cuneiform ; the
second is wedged in between the first and third cuneiform, and
rests against the middle one; the third metatarsal bone arti-
culates with the extremity of the corresponding cuneiform, and
the two last with the cuboid bone. The articular surfaces of
the bones are lined by synovial membranes, and they are held
An contact by dorsal and plantar and inter-osseous ligaments.

The dorsal ligaments are flat, thin bands of parallel fibres,
which pass from behind forwards, connecting the contiguous ex-
tremities of the bones just mentioned. Thus the first meta-
tarsal bone receives a broad thin band from the corresponding
cuneiform bone; the second receives three, which converge to
its upper surface, one passing from each cuneiform bone ; the
third has one from the third bone of that name ; and, finally,
the two last are bound by broad fasciculi to the cuboid bone.
The plantar set is disposed with less regularity ; the first and
second are more strongly marked than the corresponding liga-
ments on the dorsal surface; and the fourth and fifth meta-
tarsal bones, which are connected by but a few scanty fibres to
the cuboid, receive support from the sheath of the peroncus
longus muscle. Ligamentous bands stretch in an obligue or
transverse direction from the internal cuneiform to the second
and third metatarsal bones, and from the external cuneiform to
the fifth metatarsal.

The inter-osseous ligaments have especial interest, because of
the difficulty they would occasion in separating the metatarsus
from the tarsus (should this operation be considered a desirable
one) in consequence of their deep position between the bones.®

* Attention was first partienlarly dirceted to these lignments by M. Lisfrane,
m connexion with the amputation of the foot through the tarso-metatarsal

articulation. See “ Manuel des Opérations Chirurgicales, &e. Par J.
Coster.”” 3¢, edit, Paris, 1829,
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a. The internal and largest of these lies to the outer side of the
first cuneiform bone, and extends from this bone to the neighbour-
ing side of the second metatarsal, as well as to the first metatarsal.
b. The external inter-osseous ligament separates the articulation
of the fourth and fifth metatarsal bones from the rest. It connects
the outer side of the external cuneiform bone to the same side of
the third metatarsal. e. Some fibres, of less strength and import-
ance than the preceding, are observable in another situation,
namely, on the outer side of the second metatarsal bone, con-
necting it to the middle cuneiform. These fibres, from their
position, constitute a middle inter-osseous ligament.— The con-
nexions of the inter-osseous ligaments may be found to vary
somewhat from those here stated. They may be connected at
the same time to the contiguous angles of two tarsal and two
metatarsal bones.

Synovial membranes.—There are three synovial membranes
in this irregular series of articulations. a. One belongs to the
mternal cuneiform and the first metatarsal bone., The joint
formed between these two bones is altogether distinct and out
of the range of the rest. &. Another synovial membrane is re-
flected from the cuboid to the fourth and fifth metatarsal bones ;
and this is isolated on the inner side by the external inter-os-
seous ligament. ¢. The third or middle one is an elongation of
the synovial membrane lining the articulations of the scaphoid
and cuneiform bones, which is continued to the articulations
formed between the two external of the last-named bones, and
the second and third metatarsal.

CONNEXION OF THE METATARSAL BONES WITH ONE
ANOTHER.

The metatarsal bones are bound together at their tarsal and
digital ends; very firmly in the former, and, on the other
hand, loosely in the latter situation.

The tarsal ends or bases of the four outer bones articulate
one with another, having lateral articular surfaces which are
covered by synovial membrane, and they are connected by
dorsal, plantar, and inter-osseous ligaments. The dorsal and
plantar (fig. 96,*) ligaments are short transverse bands stretch-
ing from one bone to another, and placed in the manner which
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their names sufficiently indicate. The inter-osseous fibres, lying
deeply between the bones, occupy the non-articular parts of
their lateral surfaces. They are very resistent. 'T'he articular
surfaces are covered by synovial membrane, which in each is
continued forward between these bones from that lining the
joints formed by their terminal surface and the tarsal bones.
The first metatarsal does not articulate with the second.

Transverse metatarsal ligament.—The digital extremities
or heads of the metatarsal bones are loosely connected by a
transverse band (fig. 96,) which is identical in its arrangement
with the corresponding structure in the hand ; but with this ex-
ception, namely, that it extends to the great toe, whereas the
other does not reach the thumb.

ARTICULATIONS OF THE METATARSAL BONES WITH THE
DIGITAL FHALANGES, AND OF THE LATTER ONE WITH
ANOTHER.

13

The heads of the metatarsal bones are connected with the
small concave articular surfaces of the first phalanges by two
lateral ligaments, an inferior ligament, and a synovial mem-
brane, similar in every respect to those which belong to the
corresponding parts of the hand (ante, page 215).

The articulations of the phalanges with one another are also
constructed on the same principle as those of the superior ex-
tremity (page 216). In each, the bones are held in contact by
two lateral ligaments (fig. 96, %) and an anterior ligament, the
surfaces being lined by a synovial membrane.
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MUSCLES.

Tur muscles are divisible into a number of groups, which
occupy different regions of the body, and combine in various
ways for the performance of its actions. We shall in the first
place name the individual muscles included in each group, then
indicate the method of dissecting or exposing them to view ;
the detailed description of each shall follow, and the rationale of
their actions conclude the section.

EPICRANIAL REGION.

On the roof of the skull we find but one muscle, viz. the oc-
cipito-frontalis.

Dissection.—Care must be taken in making the first incisions to expose
this muscle, particularly along the vertex ; for the tegument is very thick,
and at the same time firmly adherent to the thin aponeurosis of the muscle,
which iz by almost every beginner detached with the tegument : this is the
more likely to happen, as the aponeurosis is lifted up from the bone in the
effort made to render the tegument tense. The better plan, therefore, is to
commence the dissection in such a way as to expose the fleshy fibres of the
musele ; and then, taking these as a guide, to elevate the tegument from

Nore.—When l}mcecdiug with the dissection of a body, the examination of
its upper and lower half is, for obvious reasons carried on at the same
time by different persons. Begin the dissection of the upper half with
the epieranial region, then take the aurienlar; observe the temporal
fascia and muscle; then, without delay, open the skull, as the brain
speedily decomposes, and chued with the examination of its mem-
branes, vessels, and internal structure (see Brain, dissection of.) When
this is concluded, let the dissection of the different groups of muscles in
the face, orbit, and neck, be continued in the order {rure get down. Do
not pass over, or neglect, the brief direetions given for the examination of
each region.

Those to whom the lower half of the body is allotted should commence with
the abdominal muscles. These are confessedly of great importance ; but
still no time should be lost in inspeeting them, as 1t is necessary, as soon
as it can be effected, to proceed to the abdominal viseern, The perinzeal
mugcles should in the next place engage attention, as they too become, in
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hefore and from behind upwards to the vertex from off the aponeurosis.
Place a high block under the back of the neck so as to raise the head nearly
into the vertical position,—or, if the subject be turned prone, place the block
under the chin. Make an ineision across the forchead, about an inch above
the upper margin of the orbit, and extending from the middle line ontwards
to the temple. Then a second incision may be carried from the inner ter-
mination of the one just indicated, upwards, over the middle of the forehead
to the vertex ; raise the skin at the angle formed by the junetion of these
incisions, and cautiously dissect it upwards and ontwards, which will expose
the fleshy fibres of the frontal part of the muscle. Having proceeded so far
at the fore part, make a transverse incision from the occipital protuberance
to the root of the mastoid process, a little above, but parallel with the
superior eurved line of the occipital bone. Another incision may be drawn
at right angles with this from the oceipital protuberance upwards to the
vertex ; and from the angle of union of these incisions begin and continue
the dissection, raising the skin from the oceipital part of the muscle, and
so proceeding from the fleshy fibres upwards to the crown of the head. In
conducting this dissection, the superficial filaments of the supra-orbital
nerves will be seen in front, the temporal branches of the portio dura at
the sides, and the ascending branches of the posterior divisions of the
cervical nerves behind ; also the branches of the temporal and occipital
arterics. When it is not deemed necessary to retain the large flap of
tegument thus dissected off, and reflected down over the ear and side of
the neck, it can be readily detached by an incision earried from the outer
angle of the orbit backwards to the mastoid process,

Occipito-frontalis; Douglas— (epicranius; Albinus.) —This
is a flat, thin, digastric muscle (fig. 97,',") extended from the
occiput to the forehead (from which circumstance its name is
derived), and placed immediately beneath the cranial integu-
ment, to which it closely adheres, at the same time that it

a short time, pale and flaceid. Then take the muscles of the lower ex-
tremity in the order in which they are here placed.

If a student in his first essay at dissection has proceeded in this way, I (the
author) would suggest to him to begin the second (its upper half) with the
museles of the back, which are usually left untouched till they are unfit
for any purpose, As-to the lower half, let that commence, for the like
renson, with the gluteal and posterior femoral regions.

The remarks on the actions of museles had better be passed over by junior
students, until they become accurately nn:kunintc-:i with their points of at-
tachment,—their form, and their lines of direction with regard to the axes
of the bones, A perusal of them will then serve the Furpuse of a repeti-
tion, and suggest a strong motive to make another and a more eareful dis-
seetion than could be expected in a first attempt. In doing this it will
not suffice merely to trace the outline of each muscle ; its points of at-
tachment should ‘be exactly defined by carefully removing the cellular
tissue and every extrancous substance which obscures them. (See the
Table of Museles, in the order of Disscetion, at the end of this chapter.)
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Two mus-  rests upon the arch of the skull, over which it slides. It con-

:::!;“;“11‘1";1_ : : sists of two broad but short
ap Fig. o7.% £ 2

neurosis, fleshy bellies, united by an
TR i, intervening aponeurosis.

Dchim The occipital part.—The
i . - =

f:nnexian posterior fleshy portion is at-

with bone; tached, by short tendinous

fibres, to the external two
thirds, sometimes much less,
of the superior curved line of
the oceipital bone, and to the
mastoid portion of the tempo-
ral bone, immediately above
the sterno-mastoid muscle.
The fleshy fibres, which are
| from an inch to an inch and
a half in length, proceed up-
wards and mwards, and terminate in distinct white tendinous
fibres, which soon become continuous with the aponeurosis.
el Between the occipital muscles of opposite sides of the head
occip. parts, there is a considerable, but in different cases a varying, inter-
space, which is occupied by the epicranial aponeurosis.
PF“Ttlftﬂl Frontal part.—The fleshy fibres, of which this portion of
G the muscle is composed, extend downwards and forwards on
the frontal bone; they are longer and broader than those of
ﬁ‘_’ than  the oceipital part, but the fibres are paler and less distinctly
muscular; their upper margin, being their junction with the
aponeurosis, presents a curved line, which is a little below the
coronal suture ; the inner fibres, corresponding with the median
line, descend vertically, and become continuous with the pyra-
midalis nasi®: the middle fibres, longer than the others, termi-
nate by becoming blended with the orbicularis®, and corrugator
supercilii ; and the external fibres curve inwards somewhat, and
become blended with those of the orbicularis palpebrarum over

ey 18 Dll;ntzl1',h|1'.l|:m—1"i":.111tn.lua:+ 2, Drbicularis pn]pchmrum 3. F’}mmid:ﬂis nosi.
4. Transversalis Ilﬂ.bl Levator labii superioris et ale nasi. 6. Levator
labii superioris. Lemtur anguli oris. 8. Zygomaticus minor. 9. Zygo-
maticus major. lD DLprr_-.wqur anguli oris,  11. Depressor labii inferioris,
12. Levator menti. 13, peints to gﬂnctnmtm 14. Orbicularis oris.  14.
Masseter, 16, 17, 18, Superior, posterior, and anterior auricular, 19, Pla-
tysma III}ﬂlltLE
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the external angular process. The inner margins of the right
and left frontal muscles are blended together for some space
above the root of the nose.

The aponeurosis of the occipito-frontalis (membrana epi-
crania ; galea aponeurotica capitis) extends over the upper sur-
face of the cranium uniformly from side to side, without any
separation into lateral parts. It must therefore be regarded as
a single structure, having connected with it the occipital and
frontal muscular strata above deseribed, and at the same time
uniting the muscles of one side with the other, and combining
their action,

Posteriorly, in the interval between the occipital parts of the
muscles, the aponeurosis is fixed to the occipital protuberance and
curved line above the trapezius ; in front it presents in the middle
an angular elongation, which intervenes for a short distance be-
tween the margins of the frontal muscles before they join; la-
terally, it has connected with it the superior and anterior auricular
muscles. In the situation of the temporal ridge it loses the apo-
neurotic character, and is continued over the temporal fascia to
the zygoma by a layer of laminated cellular membrane. The
fibres are chiefly longitudinal, following the direction of the mus-
cles; and they will be found distinctly tendinous where they
receive the fibres of the oceipital portions of the musele.

The aponeurosis is firmly connected with the skin and sub-
cutaneous granular fat (in which several blood-vessels and nerves
ramify) by numerous short fibro-cellular bands ; and it adheres
loosely to the subjacent pericranium, through the medium of
thin cellular membrane devoid of fat. Hence the muscles,
when thrown into action, move the integuments with the apo-
neurosis (the hairy scalp) on the immediate investment of the
skull. Hence, too, while they together admit of being easily
and speedily stripped from the ealvarium, the skin cannot be
separated from the aponeurosis and muscle with facility. The
integument is likewise closely connected with the frontal portion
of the muscle, and the skin of the forehead is, in consequence,
folded or wrinkled when this contracts.

Some anatomists consider the whole to be a four-headed muscle, having
two fleshy portions behind, and two in front, all connected by a single layer
of aponeurosis, which rests on the cranium. Others view it in a different

way, the fleshy parts being taken as separate museles, and named from their
2
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position, the anterior one being the “frontal” muscle, the posterior the
“ peeipital.”

Actions.—All the museular parts having one broad eommon aponeurosis,
they act together: their first effect is to draw up the eye-brows, the next
to throw the skin of the forehead into transverse folds or wrinkles; and
to move the hairy scalp backwards and forwards, by bringing the occipital
and frontal parts of the muscle alternately into action,

L

MUSCLES OF THE FACE AND SIDE OF THE HEAD.

The muscles of the face are easily and conveniently arranged
in groups, each occupying what may be called a region. The
circumference of the orbit with the eye-brow and eye-lids forms
the palpebral region; the side of the nose—the nasal ; the
cheek or side-face—the superior maxillary ; the circumference
of the mouth, and the space between the jaws—the inter-
maxillary ; that corresponding with the lower jaw—inferior
maxillary. The interior of the orbit forms a separate region—
the orbital ; so does the space round the ear—the auricular;
that of the temple and side of the jaw, the temporo-maxillary ;
finally, the region of the pterygo-maxillary fossa. In conse-
quence of their position and their connexion with the aponeu-
rosis of the oceipito-frontalis, the muscles of the auricle will now
be examined.

AURICULAR REGION,.

In the space round the external ear are placed three small
muscles, which in the human subject may be considered rudi-
mentary, as they are not required to perform any action. They
are attached by small tendons to the fibro-cartilage of the ear,
and are quite superficial.

Dissection.—These muscles are generally removed together with the skin,
when their dissection is attempted in the usual way by the beginner, who
secks to expose the fleshy part first: better at once reverse the process
—seek for the tendons, and take them us guides. For this purpose, draw
the pinna or broad part of the ear downwards ; a very small tense cord will
be felt under the skin, where it is reflected from the head to the ear, running
from above downwards to the upper bulging part of the concha. This is
the tendon of the attollens. Cautiously divide the skin by an incision drawn
over the tendon from below upwards: reflect it to each side, and continue
the process thus upwards from the tendon to its muscular fibres, which
gpread upon the temporal fascin, Proceed in the same way to expose the
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two other muscles—draw the pinna forwards, and the tendon of the retrahens
will be readily perceived where it is inserted into the bulging part of the
concha behind., TLet a hook be inserted into the extremity of the helix at
the point corresponding with the line of the zygoma. When the helix is
drawn backwards, the tendon of the attrahens muscle is rendered tense, and
can be exposed and dissected as in the previous instances.

The superior auricular (fig. 97,'°) (attollens auriculam ; Alb.
—temporo-auricularis,) is the largest. It arises from the apo-
neurosis of the occipito-frontalis, where it expands on the side
of the head ; its fibres, though delicate, being broad and radi-
ated. The muscle ends in a compressed tendon, which is in-
serted into the upper and anterior part of the cartilage of the
ear, on the outer side of the fossa between the division of the
antihelix.

Posterior auricular' (retrahentes auriculam (tres); Alb.—mas-
toido-auricularis).— This muscle consists of two or three thin
fasciculi, ranged one over the other; they arise from the mas-
toid process by short aponeurotic fibres, and are inserted into
the back part of the concha. The fibres are much more dis-
tinctly marked than in either of the other auricular muscles.

The anterior auricular'® (zygomato-auricularis) is pale and
indistinet, and varies much in size. It is attached to the thin
lateral elongation of the aponeurosis of the occipito-frontalis
above the zygoma, and passes backwards, to be inserted into the
fore-part of the helix.

To expose the muscles of the front and side of the face, begin by making
an ineision from the vertex along the middle line of the forehead and nose,
taking care that it barely divides the skin. From this, two lines may be
drawn outwards, one over the eye-brow to the side of the head, the other
over the zygoma to the ear. The interval intercepted between these two
parallel lines may be intersected, midway between the ear and orbit, by a
perpendicular line drawn from one to the other. A square (palpebral region)
is thus marked out over the orbicularis muscle, the skin of which should be
carefully reflected from its borders and angles. The dissection is continued
from its outer and upper border or eircamference, the point of the scalpel
being made to trace the eourse of the curved fibres of the muscle as far as
the margin of the eye-lids. The external flap may then be reflected back
over the ear, so as to expose the temporal fascia, artery, &e. The skin, in
the next place, is to be earefully raised and dissected off the frontal musele,
from below upwards over the forchead as far as the vertex.

The fibres of the orbicularis, after being carcfully examined, particularly
at the inner border of the orbit, may now be divided along the eye-brow, so
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as to expose the corrugator supereilii ; and if the lower border of the orbi-
cularis be raised, it will expose the origin of the elevator of the lip, which
will afford a guide to the dissection of that musele, as well as of the common
elevator of the lip and nose, down to their termination (nasal region). The
transversalis nasi is partly concealed by the latter, but it emerges from
under its inner border as it advances upon the side of the nose,

In order to expose the muscles and vessels of the lower part of the face,
an ineision may be made from the most prominent point of the cheek down-
wards to the margin of the jaw, from which the skin may be reflected back-
wards off the masseter muscle and parotid gland, taking care not to injure
the duct of the latter, or the nerves and artery which accompany it ; but the
other flap of skin is to be carried obliquely inwards to the lip, in the diree-
tion of the zygomaticus. By this measure, the last-named muscle, and the
levator anguli oris, and also the facial artery, will be exposed ; and, by re-
moving some adipose substance, the buccinator will be brought into view
(inter-maxillary region). By turning aside the elevator of the lip, the
second branch of the fifth nerve and the infra-orbital artery will be seen
emerging from the foramen of that name.

FPALPEBRAL REGION.

We have here four muscles, which act on the eye-lids, two
being placed outside the orbit; viz. orbicularis palpebrarum
and corrugator supercilii ; and two within it, viz. levator palpe-
brze and tensor tarsi.

Orbicularis palpebrarum (fig. 97,%) (naso-palpebralis).—This
muscle is sitnated at the base of the orbit, forming a thin, flat
plane of elliptic fibres, which is placed immediately under the
skin of the eye-lids, resting on the eye-brow above, and spread-
ing outwards somewhat on the temple, and downwards on the
cheek. The fibres form an ellipsis, whose great axis extends
horizontally across the orbit from its inner angle to the temple,
and corresponds with the fissure between the eye-lids; all the
fibres describing concentrie curves, the concavities being directed
towards the fissure of the lids. The only points of fixed attach-
ment (to bone) which its fleshy fibres possess are at the inner
margin of the orbit; they are free in the rest of their extent,
except along the eye-brow, where they are blended with the
occipito-frontalis and corrugator supercilii.

The tendon of the muscle (tendo palpebrarum). —At the
inner commissure of the eye-lids is a small tendon, which is
often obscured by the fibres of the muscle, but is rendered
apparent by drawing the lids outwards: this tenden is about
two lines in length, and one in breadth; it is attached to the
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anterior margin of the lachrymal groove, from which it runs
horizontally outwards to the inner commissure of the eye-lids,
where it divides into two thin fibrous lamelle, which diverge as
they pass outwards in the substance of the eye-lids, and termi-
nate in the tarsal cartilages. One surface of the tendon is sub-
cutaneous, the other crosses the lachrymal sac a little above its
centre, and from it a thin but firm fascia is given off, which
spreads over the lachrymal sac, and adheres to the margins of
the groove which lodges it.

The muscular fibres are attached, 1st, to the upper margin
and anterior surface of the tendon just described ; 2nd, to the
surface of the nasal process of the superior maxilla, near the
anterior margin of the lachrymal groove; 3rd, to the nasal pro-
cess of the frontal bone. The fibres of the orbicularis muscle
thus arising arch upwards and outwards in the direction of the
eye-brow and upper lid, and thence descend over the external
angle of the orbit, returning to the points above stated. The
anterior surfice of the muscle is subcutancous in its entire
extent, and closely adleres to the skin ; the posterior rests upon
the lower border of the frontal muscle and the corrugator, with
both of which it is intimately connected ; farther down it rests
upon the upper eye-lid and the tarsal cartilage. The lower
segment of the muscle rests on the origin of the elevator of the
upper lip, and on the zygomatic muscles; and internally, on
part of the common elevator of the lip and nose, and the lachry-
mal sac; also externally for a little way on the temporal fascia.

The fibres of the orbicularis are thin and pale where they cor-
respond with the eye-lids; they are also less curved ; but those
which rest on the cheek and margin of the orbit are well de-
veloped. These parts have been described as two muscles; the
former being named  ciliaris,” the latter ‘¢ grbicularis latus.”*

The corrugator supercilii (fronto-superciliaris) is a small
pyramidal muscle, placed in the eye-brow, whose direction it
takes, being altogether concealed by the orbicularis palpebrarum
and occipito-frontalis. It arises from the inner extremity of the
superciliary ridge of the frontal bone, from which its fibres pro-
ceed outwards and a little upwards, and end at the middle of the
orbital arch, by becoming blended with those of the orbicularis
and occipito-frontalis lying between them and the bone. Its

* This division is mentioned by Riolanus as usual among the anatomical
writers of his time—* Anthropologia,” lib. 5, eap. 10,
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anterior surface is covered by the muscles just named; the
posterior rests upon the frontal bone and crosses the frontal
branch of the ophthalmic nerve and the accompanying artery as
they emerge from the orbit; its inner extremity is somewhat
thicker than the external one, which ually narrows to a point.

Levator palpebre (fig. 101,") (orbito-palpebralis).— This
slender muscle is concealed, in the greater part of its extent,
within the orbit ; it arises above and before the margin of the
optic fornmen, from which it passes forwards and outwards,
mounting over the globe of the eye, and separated from the roof
of the orbit only by the fourth and frontal nerves. It is very
narrow and tendinous at its origin ; it soon becomes fleshy and
widens ; finally it ends in a broad fibrous expansion, which
curves downwards in the substance of the upper eye-lid, to be in-
serted into the margin of the tarsal cartilage. This musele lies
above the rectus superior and the ball of the eye ; and, in the lid,
is placed between the orbicularis muscle and the tarsal ligament,
which (latter) separatesit from themucousmembrane (conjunctiva).

The tensor tarsi—Horner, (musculus sacci lachrymalis,)—is
a very thin, small muscle, placed at the inner side of the orbit,
resting against the fibrous covering of the lachrymal sac and
behind the tendon of the orbicularis. Tts fibres arise from
the posterior part of the lachrymal bone, and as they pass
forwards they divide into two narrow processes; these diverge,
cover the lachrymal canals, and become attached to the tarsal
cartilages near the puncta lachrymalia,

This little muscle has been described as an offset of the ciliaris of both
lids, with which the fibres appear to be continuous (Theile, Op. citat.)—
It is often indistinet.

Actions—The eorrugator muscle being fixed by its inner extremity, draws
the eye-brow and eye-lid inwards, and throws the skin into perpendicular
lines or folds, as in frowning, The occipito-frontalis will, on the contrary,
elevate the brow, and wrinkle the skin transversely ; which actions are so
frequently repeated by most persons, and so constantly by some of a par-
ticular temperament, that the skin is marked permanently by lines in the
situations just referred to. The orbicular musele is the sphineter of the
cye-lids. It closes them firmly, and at the same time draws them to the
inner angle of the orbit, which is its fixed point of attachment, The levator
palpebra is the direct antagonist of the orbicular muscle; for it raises the
upper eye-lid, and uncovers the globe of the eye. The tensor tarsi draws
the eye-lids towards the nose, and presses the orifices of the lachrymal ducts
closely to the surface of the globe of the eye. It may thus facilitate the en-
tranee of the tears into the duets, and promote their passage towards the nose.
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NASAL REGION.

We here find several muscles as follows:—

Pyramidalis nasi (fig. 97, and 98,") (naso-frontalis) rests on
the nasal bone, and appears like a prolongation of the occipito-
frontalis, with whose fibres it is intimately connected, as well as
with those of the corresponding muscle. It extends from the
root of the nose, where its fibres are continuous with the
occipito-frontalis, to about half-way down, where it becomes
tendinous and unites with the compressor nasi. The two pyra-
midal muscles diverge as they descend, leaving an angular in-
terval between them, and each terminates in a thin fibrous
lamella, which covers the side of the nose. At its outer
border the fleshy fibres are connected with those of the or-
bicularis palpebrarum. It is covered by the common tegu-
ment, and rests upon the nasal part of the frontal bone and
the os nasi.

Its chief effect seems to be that of giving a fixed point of
attachment to the frontal muscle; it also wrinkles the skin at
the root of the nose.

The levator labit superioris aleque nasi (figs. 97, and
98,%) (common elevator of the lip and nose) lies along the side
and wing of the nose, extending from the inner margin of the
orbit to the upper lip. It arises by a pointed process from
the upper extremity of the nasal process of the superior maxil-
lary bone, and as it descends separates into two fasciculi; one
of these, much smaller than the other, becomes attached to the
wing of the nose, whilst the other is prolonged to the upper lip,
where it is blended with the orbicular and elevator muscles. It
is subcutaneous, except at its origin, where the orbicularis pal-
pebrarum overlaps it a little.

Compressor narts (figs. 97,* and 98,) (transversalis v. trian-
gularis nasi).—This is a thin, small triangular muscle, which
lies close upon the superior maxilla and the side of the nose,
the direction of its fibres being transverse from without inwards
and upwards ; it is concealed at its origin by the proper elevator
of the lip, and is crossed by the common elevator. It arises
narrow and fleshy from the canine fossa in the superior maxillary
bone, from which its fibres proceed inwards and upwards, gradu-
ally expanding into a thin aponeurosis, which is partly blended
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with that of the corresponding muscle of the opposite side and
that of the pyramidalis nasi of the same side, and partly attached
to the fibro-cartilage of the nose.

Beneath the common elevator of the lip and ala of the nose,
and connected by the lower end with the origin of the com-
pressor mnaris, will be found a longitudinal museular slip, more
than an inch in length, attached exclusively to the superior
maxillary bone. It was named **rhomboideus™ by Santorini,
and (in consequence of being attached only to a bone, and
having therefore no action,) * anomalus™ by Albinus.

The depressor ale nasi is a small flat muscle, lying between
the mucous membrane and the muscular structure of the lip,
with which its fibres are closely connected. From a depression
(myrtiform) near the alveolar border of the superior maxilla the
fibres ascend to terminate in the septum and the ala of the
nose—the posterior part of each—(fig. 98,%). The external
fibres curve forwards and downwards to the ala.

Besides the muscles above described there are other muscular
fibres which cover the small cartilages
of the nose. They are usually very
indistinet, partly in consequence of
the close connexion of the skin and
cartilages of the nose, between which
they lie, and the necessary removal of
a portion of the short fibres when the
skin to which they are attached is
cut away. The muscular fibres admit
of being divided into two distinet
parts, as follows : —

Levator proprius ale nasi poste-
rior (dilatator naris poster.) (fig.
98,°).—After the careful removal of
the common elevator of the nose
and lip, this muscle will be apparent often to the naked eye,
but always with the aid of a lens. (Theile.)—Its fibres are

Fig. 08.9

* Represents the musecles of the nasal region, with some of those of the
lip. 1. Pyramidalis nasi. 2. Levator labii superioris almque nasi. 3.
Compressor naris. 4. Levator proprius alee nasi anterior. 5. Levator pro-

rius alm nasi posterior. 6. Depressor ale nasi, 7, Orbicularis. 7*.
Vaso-labialis.
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attached to the margin of the mounting process of the superior
maxillary bone and the smaller (sesamoid) cartilages of the
ala nasi on the one hand, and to the skin on the other.—The
anterior set of fibres (lev. propr. ale nasi anterior v. dilatator
naris anterior) (fig. 98,*) are interposed between the cartilage of
the ala and the skin, to both of which they are attached.*

SUPERIORL MAXILLARY REGION.

Here are four muscles, viz. the elevator of the upper lip, the
elevator of the angle of the mouth, and the two zygomatici.

The levator labii superioris (fig. 97,%) (the proper elevator
of the upper lip) extends from the lower border of the orbit to
the upper lip, lying close to the outer border of the common
elevator, with which and the smaller zygomatic muscle it is
blended inferiorly. It arises immediately above the infra-
orbital foramen, where its fibres are attached, partly to the supe-
rior maxillary bone, partly to the malar. Its direction is down-
wards and a little inwards, ceasing at the upper lip, where it
unites with the rest of the muscular apparatus of that part. At
its origin, this muscle is overlapped by the orbicularis palpe-
brarum, but its lower part is subcutaneous; it partly conceals
the levator anguli oris, and the compressor nasi.

Levator anguli oris (fig. 97,7) (musculus caninus).—The
elevator of the angle of the mouth lies beneath the preceding,
and partly concealed by it. It arises immediately below the
infra-orbital foramen, from the canine fossa, whence the name
caninus, and is inserted into the angle of the mouth. It is
broader above than below, and ineclines outwards somewhat as
it descends ; it lies at the middle of the face, deeply behind the
outer border of the elevator of the upper lip, escaping from
under it at the lower end, in consequence of the different direc-
tion of the two muscles. Its anterior surface supports the

* The muscular structure here deseribed, or a great part of it, has been
deseribed and delineated under the name “ pinng dilatator ™ by Santorini.—
(Obs, Anat. eap. 1, § 14, and tab. 1.) But in recent observations two sepa-
rate musecles {nmigc:i in the text) have been recognised by Professor Theile, in
the new ed. of * Simmerring v. Baue d. mensehlich, Kdarpers.” M. Armnold
(Tab. Anat. fascie. 2, tab. 8, figs. 6 and 7) apparently connects the pos-
terior muscle with the depressor ale nasi, deseribing both as one large
¢ dilatator,”
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infra-orbital nerve and artery, which separate it from the pre-
ceding muscle ; the posterior lies on the superior maxilla and on
the orbicularis and buccinator muscles, with which and the de-
pressor anguli oris its fibres become united.

The zygomatici are two narrow fasciculi of muscular fibres,
extended obliquely from the most prominent point of the cheek
to the angle of the mouth, one being larger and longer than the
other.—Zygomaticus minor (fig. 97, ®). This irregular little
muscle arises from the anterior and inferior part of the malar
bone, and inclines downwards and forwards to terminate by joining
with the outer margin of the levator labii superioris ; the junction
sometimes occurring close to the origin of the zygomaticus minor.
It lies internally to the succeeding muscle, but distinct from
it in the whole length, and is sometimes joined by some fibres
of the orbicularis palpebrarum ; or its place may be taken by a
muscular slip from this muscle. It may be altogether wanting.
—The zygomaticus major? arises from the malar bone near the
zygomatic suture, from which it descends, lying inferior and
external to the smaller muscle of the same name, to the angle
of the mouth, where it is continued into the orbicularis and
depressor anguli oris. These muscles, at their origin, are con-
cealed a little by the orbicularis palpebrarum, but become sub-
cutaneous in the rest of their extent. The larger one crosses,
just below its origin, a part of the masseter and buccinator
muscles.

INFERTOR MAXILLARY REGIOM.

This space contains three muscles, viz. the depressor of the
angle of the mouth, the depressor of the lower lip, and the
elevator of the lower lip.

Depressor anguli oris (fig. 97,') (triangularis oris; maxillo-
labialis).—This muscle lies at the side and lower part of the face,
being extended to the angle of the mouth from the lower jaw.
It arises from the external surface of the inferior maxillary bone,
particularly from the oblique line which is marked upon it. It
is triangular in form ; the base of the triangle corresponding with
its origin, and its apex with its insertion into the angle of the
mouth. Its fibres pass upwards, gradually contracting so as to
form a narrow process, which is inserted into the angle of the
mouth, by becoming blended with the orbicular and great zygo-
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matic muscles, and also with the termination of the levator
anguli oris. It is covered by the skin, and, at its insertion,
by the zygomaticus major, under which its fibres pass; it con-
ceals part of the buccinator and of the depressor of the lower
lip.

Pﬂfprcsmr labii inferioris (fig. 97, ') (quadratus menti;
mento-labialis).—A small square muscle, lying nearer to the
symphysis of the chin than the preceding muscle, by which it is
partly concealed ; it arises from the fore part of the inferior
maxillary bone, and thence ascends to be inserted into the
lower lip, its fibres becoming blended with those of the orbicu-
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laris oris, and also having previously united with those of its

fellow of the opposite side. It has mixed up with it some of
the fibres of the platysma, and it presents rather a peculiar
appearance when dissected, owing to a quantity of yellow
adipose matter being deposited in the interstices of its fibres.

Levator menti (elevator labii inferioris proprius — Cowper)
(fg. 97, %) arises from a slight pit a little below the alveolar
border of the lower jaw, near the symphysis. This pair of
muscles occupies the interval between the two depressors of the
lower lip. They are small, short, and somewhat tapering,
being narrow at their point of origin, from which they increase
in breadth towards their insertion. They incline downwards
and a little forwards to reach the tegument of the chin, into
which they are inserted.

Actions—The names of most of the muscles included in the three fore-
going groups sufficiently indicate their actions upon the lips, the nose, and the
mouth. It will be found in conducting their dissection that they are inti-
mately connected with the skin which covers them. Hence they are enabled
to give to the face all those changes of state which are necessary for the ex-
pression of passion and feeling.

INTER-MAXILLARY REGION.

At each side of the face, in the part called the *¢ cheek,”
is a muscle—the buccinator, and round the margin of the
mouth, one—the orbicularis ors.

The buccinator (fig. 97, ') (alveolo-labialis) is a thin flat
plane of muscular fibres, quadrilateral in figure, occupying the
interval between the jaws. It is attached, by its upper and
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lower margins, to the alveolar margins of the maxillary bones,
from the first molar tooth in each, as far back as the last ;
and posteriorly between these bones it is fixed to a narrow fas-
ciculus of tendinous fibres, extended from the internal ptery-
goid plate to the posterior extremity of the mylo-hyoid ridge
of the lower jaw, close to the last dens molaris. From these
points the fibres are directed forwards, approaching cach other,
so that the muscle is narrowed and proportionally thickened near
the angle of the mouth. Here it lies beneath the other muscles,
and blends with them. The fibres near the middle of the
muscle cross each other, those from above entering into the lower

_ lip, and those from below into the upper one ; but the higher
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and lower fibres are directed immediately into the nearest lip.

"T'he internal surface of the buccinator is lined throughout by
the mucous membrane of the mouth: the external is covered
and, supported by a thin fascia, which is closely adherent to the
musecular fibres, and is overlapped by the triangularis oris, the
terminal fibres of the platysma myoides, and by the labial artery
and vein; also by the masseter and zygomatici, from which it is
separated by a quantity of soft adipose tissue of a peculiar cha-
racter. Opposite the second dens molaris of the upper jaw its
fibres give passage to the duct of the parotid gland.

The pterygo-maxillary ligament (fig. 105,%).—The tendinous
band connected with the posterior margin of the muscle has,
from its attachments, been thus called ; one of its surfaces looks
towards the mouth, and is lined by the mucous membrane ; the
other is separated from the ramus of the jaw by a quantity of
adipose substance ; the anterior border gives attachment, as has
been here stated, to the buceinator muscle, and the posterior,
to the superior constrictor of the pharynx. It is this connexion
between the muscles just named which establishes a complete
continuity of surface between the cavity of the mouth and that
of the pharynx.

Iisorius (Santorini) — By this name is known a small bundle
of muscular fibres of varying size and shape, but usually broadest
at the outer end, which commences over the masseter, and ex-
tends transversely inwards in the fat of the cleck, to join the
other muscles of the mouth—usually the depressor anguli oris
below the angle of the mouth. 1Tt is placed over (superficial to)
the platysma where this reaches the face, and erosses its fibres,
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and for these reasons was deseribed as a separate muscle by
Santorini.

Orbicularis oris (fig. 97,"*; fig. 98,7) (labialis).—It belongs
to the class of sphineter muscles, and like them is elliptic
in its form, and composed of concentric fibres so placed as to
surround the aperture of the mouth, but with this peculiarity,
that the fibres are not continued from one lip into the other :
if any fibres should be traceable from one lip to the other,
they are few and slender. The musele is flat and thin ; its
inner surface being in contact with the coronary artery of the
lips, labial glands and the mucous membrane ; the external with
the skin and the fibres of the different muscles which converge
towards the margin of the mouth. The longer axis of the
ellipse is transverse, so as to correspond with the fissure
between the lips; the curves described by the fibres of the
upper segment look downwards, and those of the lower one
upwards. One border of each segment is free, and corresponds
with the red part of the lip; the other is blended with the
several muscles which converge to the mouth from different
parts of the face. The fibres are continued from these mus-
cles, insomuch that they might be said to be borrowed from
them.

The fibres nearest to its margin continue uninterruptedly from side to side
of the mouth ; but to the outer part of the muscle (that most remote from
the edges of the lips) some special fibres are added, There are two sets of
these, connected with the maxillary bones; one set or pair for the upper, the
other for the lower lip (four altogether). They are slender and arched, and
they resemble one another in a great degree in their arrangement. Thus :
the two bands of fibres for the upper lip (accessorii orbicularis superioris®)
arise close together above the alveolar border of the superior maxilla op-
posite the incisor teeth, and arch outwards, one on cach side, to the
angles of the mouth, to join with the other muscles.

Those for the lower lip (accessorii orbicularis inferiorist) are separated
one from the other by a much larger interval than the preceding pair, and
rather are accessory to the lower segment of the orbicularis than form a part
of it. They are fixed to the lower maxilla, externally to the levatores
menti, and arch outwards to the angles of the mouth to join the buecinator
and the other muscles.

* Secundus fibrarum ordo (Santorini); sur-demi-orbiculaires (Winslow).
t Productores labri inferioris (Santorini) ; accessores buccinatoris (Cour-
celles) ; les accessoires du demi-orbiculaire mfericur (Winslow).

Orh. oris.
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To the superior segment of the orbicularis two small fleshy slips (naso-
labiales— Alb.) descend, one on each side, from the septum narium (fig. 98,7%).
As they diverge to the lip, these little muscles leave an interval between
them, and at the same place a narrow interspace likewise exists between the
aceessory or external portion of the orbicularis above deseribed. This small
inter-muscular interval corresponds with the groove on the skin beneath the
septum narium.

Actions.—The aperture of the mouth is susceptible of considerable dilata-
tion and contraction; the former being effected by the different muscles
which converge to it, and which may be compared to retractors drawing with
different degrees of obliguity the lips, or their angles, in the direction of
their respective points of attachiment. The elevators are necessarily placed
at the upper part of the face, the depressors in the opposite situation, and
the proper retractors on each side; and these are the zygomatici and the
buecinators, The buccinators also contract and compress the cheeks ; this
power is brought into play when any substance becomes lodged in the inter-
val between them and the jaws.  The fibres of the museles are then clon-
gated and pressed outwards; but, when they begin to act, they form a flat
plane, which is pressed inwards, and so forces the substance back into the
cavity of the mouth, It is obvious that the orbicular musecle must be the
direct antagonist of all those that converge to it. When deseribing the
museles, we may commence at the lips as a common point of departure, and
trace their fibres from thence as they diverge, radiating to their respective
attachments.

TEMPORO-MAXILLARY REGIDN.

This space, extending from the side of the head to the angle
of the jaw, contains the temporal and masseter muscles,

Dissection—To expose the masseter muscle, and with it the duet and
the surface of the parotid gland, it will suffice to refleet back the skin from
the lines of incision indicated in the previous dissections. In doing this,
a large branch of the facial nerve will be found accompanying the parotid
duct. This will serve as a elue to the trunk of that nerve, by following it
back through the substance of the parotid gland ; and, when the trunk is
found, there can be no difficulty in pursuing all its branches, as they diverge
from that point in three different directions over the face and side of the
head. The superficial temporal vessels are at the same time brought into
view. Cut the duct across, raise it and the accompanying piece of the
parotid gland together, and draw it out towards the ear. This will expose
the anterior margin of the gland and its relations to the ramus of the jaw,
A little more disseetion is required to get a view of its posterior border, and
of its relations to the parts deeply scated between the juw and the ear.

The next thing to be done is to get at the insertion of the temporal
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muscle, and at the same time bring into view the pterygo-maxillary region ;

proceed as follows . —

The masseter muscle and parotid gland having been examined, the parts
concealed inside the ramus of the jaw may be brought into view in the fol-
lowing way :—W ith a sharp chisel and mallet the zygoma may be divided at
both extremities, and the attachment of the temporal fascia to its upper
border severed. The bony arch, with the masseter still connected with
it, may be drawn down to the angle of the jaw, the fibres of the latter
being at the same time detached from the ramus, In the next place, with
Hey’s saw, the ramus of the jaw may be divided by a perpendicular cut,
earried from just before its condyle to a level with the alveolar border, and
there met by another-line earried forwards to the latter, so as to insulate and
detach all that part of it which belongs to the coronoid process, This being
done, the piece of bone, with the temporal muscle attached, may be drawn
upwards; %o as fully to expose the two pterygoid muscles (pterygo-maxillary
region), the internal maxillary artery, the gustatory and dental nerves, and
the pterygo-maxillary lignment, which gives attachment to the buccinator

and superior constrietor muscles,

The masseter (fig. 97,%%) (zygomato-maxillaris) is extended
from the malar bone and the zygomatic process of the temporal
to the angle of the lower jaw. Its form is that of an oblong
square ; its direction downwards and a little backwards. It is
a thick, compressed mass of fleshy and tendinous fibres, ar-
ranged so as to form two bundles, differing in size and direction,

The external, or larger portion of the muscle, arises chiefly
by thick tendinous structures (which afford a large surface for
the origin of muscular fibres) from the lower border of the malar
bone, and somewhat from the malar tuberosity of the superior
maxilla, from which its fibres proceed downwards, and a little
backwards, to be inserted into the lower half of the ramus of the
jaw, extending as far as its angle. The nternal, or smaller part,
is, for the most part, vertical in direction (some fibres inclining a
little forwards), and, therefore, crosses the larger portion. Con-
sisting chiefly of fleshy fibres, it arises from the lower border of
the zygomatic process of the temporal bone (reaching as far
back as its tubercle), and is inserted into the upper half of the
ramus of the jaw. This part of the muscle is concealed, in the
greater part of ifs extent, by the larger portion, with which its
fibres become united at their insertion ; part, however, projects
behind it, and is covered by the parotid gland.

The external surface of the masseter muscle is covered, for the

most part, only by the skin and fascia ; it is, however, over-
]
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lapped above by the zygomaticus, below by the platysma, and
behind by the parotid gland, whose duct also crosses it; the
branches of the facial nerve and the transversalis faciei artery
also rest upon it. Its inner surface overlays the buccinator,
from which it is separated by some soft adipose tissue ; also the
tendinous insertion of the temporal muscle into the coronoid
process ; it is in intimate contact with the ramus of the jaw,
and receives a nerve and artery which come from within over
the sigmoid notch of the bone.

The temporal muscle (temporalis; temporo-maxillaris ; cro-
taphite — Winslow) is placed at the side of the head, occupy-
ing the whole extent of the temporal fossa ; it is of considerable
size, being broad, thin, and expanded above, where it is at-

- tached to the side of the skull, but it becomes thick, com-

pressed, and narrowed to a point below, at its insertion. The
fibres of the muscle present a radiating appearance; they are
concealed from view by the temporal fascia, which must be
removed before they can be seen.

It arises from the whole of the temporal fossa, its fibres
being implanted into all that depressed surface which extends
from the external angular process of the frontal bone backwards
to the root of the mastoid process, and from the curved line
marked upon the parietal and frontal bones downwards to the
ridge on the sphenoid bone which separates the temporal fossa
from the zygomatic; it likewise takes origin from the inner
surface of the temporal fascia. The fibres from this extensive
origin converge as they descend, some being directed from
before backwards, a considerable number obliquely forwards,
whilst those in the middle descend almost vertically; but all
terminate in a tendon whose fibres, at first radiating like those
of the muscle itself, gradually become aggregated, sc as to form
a thick flat fasciculus, which is implanted into the inner sur-
face as well as the anterior border of the coronoid process of the
lower jaw-bone. The upper part of this tendon is in a great
degree concealed by the musecnlar fibres, many of which descend
to be implanted into its external surface, whilst the deep-seated
fibres come forward from the lower part of the fossa to be at-
tached to its inner surface; the lower part, or insertion of the
tendon, is altogether concealed by the zygoma and the masseter.

Between the muscle and the temporal fossa are the deep tem-
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poral arteries and the temporal nerves which penetrate its sub-
stance. -

The temporal fascia by which the muscle is covered and
bound down is a remarkably dense firm membrane. It is at-
tached inferiorly to the upper margin of the zygoma, where it
is separated from the muscle by somre loose adipose and cellular
tissue ; but higher up, the fascia expands, and becomes closely
connected with the muscular fibres, and is attached along the
curved line bounding the temporal fossa, where it gives origin
to many of the superficial fibres of the muscle. The external
surface of the fascia is overlaid by the aponeurosis of the oeci-
pito-frontalis muscle, by the orbicularis palpebrarum ; more-
over, two muscles of the ear—the superior and anterior—rest
upon it, and the temporal artery and vein, with the ascending
branches of the facial nerve, cross it as they pass up towards the

arch of the skull.

PTERYGO-MAXILLARY REGION.

The internal pterygoid Fig. 99.%
muscle (fig. 99,° and 100,%) ebmsiEETEEESEL
(pterygoideus internus; pte- :
rygo-maxillaris major) is di-
rected to the inmer surface
of the ramus of the jaw,
somewhat as the masseter is
to its outside ; but it differs
widely from that musele in
the extent of connexion with
the bone. It is flat and
elongated ; its form, like
that of the masseter, being
an oblong square. It arises from the pterygoid groove, or
fossa, its fibres, tendinous and fleshy, being attached to the
inner surface of the external pterygoid plate of the sphenoid

#* A vertical section having been made through the skull and face, a little
to the left of the middle line, the two Pt“T!"iI{"i‘t muscles are seen on the
inner surface. 1. The posterior extremity of the external th‘:.'guill mus-
cle. 2. Internal pterygoid, which is exposed in nearly its whole length.
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bone, and to the grooved surface in the tuberosity of the palate
bone which is inserted between the pterygoid plates. From
these points of attachment the muscle inclines downwards with
an inclination backwards, and outwards, to be inserted into the
inner surface of the ramus of the jaw, for about an inch above
its angle.

The external surface of the muscle above the place of its in-
sertion is separated from the ramus of the maxilla by the in-
ternal lateral ligament, and by the internal maxillary artery,
dental artery and nerve; and at its upper part is crossed by
the external pterygoid muscle. Its inner surface, whilst placed
in the pterygoid groove, is in contact with the tensor palati
muscle, and lower down with the superior constrictor of the
pharynx.,

The external pterygoid mus-

Fig. 100.* cle (figs. 99'; 100') (ptery-

goideus externus; pterygo-max-
illaris minor) is placed deeply in
the zygomatic fossa, extending
horizontally backwards and out-
wards from the process of that
name to the condyle of the
lower jaw. Its form is some-
what triangular, its base cor-
responding with its origin, and
the apex with its insertion. The two extremities are tendinous,
the rest of the muscle being a short, thick, fleshy mass, the
upper fibres of which descend a little, and the lower ascend
as they pass between their points of attachment, whilst those
in the middle are horizontal. At its base the muscle appears
to consist of two fasciculi, separated by a cellular interval ; the
upper fasciculus is attached to that part of the external sur-
face of the great wing of the sphenoid bone which is near
the root of the pterygoid process, including the ridge sepa-
rating the temporal and the zygomatic fossm ; the other (the

* The outer side of the bones of the face, and a part of the skull, with
the two pterygoid museles. These parts have been brought into view by
the removal of the zygoma, and a large portion of the ramus of the lower
maxilla, together with the masseter and temporal musecles, and some
othef structures, 1, External ; and 2. Internal pterygoid.
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larger part) is attached to the outer surface of the external
pterygoid plate, and to a small part of the tuberosity of the
palate bone. Tt is inserted into the fore part of the neck of
the condyle of the lower jaw, and also into its inter-articular
fibro-cartilage.

This muscle, from its position in the zygomatic fossa, is con-
cealed by the coronoid process of the jaw, and the insertion of
the temporal muscle ; but when the masseter is removed, part of
it can be seen between that process and the condyle. Its ex-
ternal surface is crossed by the internal maxillary artery and the
tendon of the temporal muscle as it passes to the coronoid pro-
cess, and is further covered by the masseter; the inner surface
rests against the upper part of the internal pterygoid muscle,
whose direction it crosses, also the internal lateral ligament of
the lower jaw, and the inferior maxillary nerve and middle me-
ningeal artery; the upper border is in contact with the great
wing of the sphenoid bone, where it forms part of the zygo-
matic fossa, and is crossed by the temporal and masseteric
nerves. As the pterygoid muscles diverge to their destina-
tions, they leave between them an angular interval, which trans-
mits the gustatory and dental nerves, and the internal maxillary
artery.

Actions.—The lower jaw is elevated by the temporal, masseter, and in-
ternal pterygoid muscles, which conspire to this end. If the two first act
together, the elevation is direct ; but if the two last act, the obliquity of
their direction enables them to carry the angle of the jaw a little forwards,
The triturating movement is performed exelusively by the external ptery-
goid museles. If both act together, they draw the condyles, and therefore
the whole jaw, directly forwards, so as to make the lower teeth project
beyond the upper ; but when only one acts at a given time, it draws the
corresponding condyle forwards, the other remaining fixed, and so makes the
symphysis of the jaw deviate to the opposite side. A similar movement can
be given by the corresponding muscle, and the alternation of these hori-
zontal motions constitutes trituration.

ORBITAL REGION.

In the orbit, in connexion with the eye, and its appendages,
eight muscles are enclosed, viz. the levator palpebra, and tensor
tarsi, together with six muscles of the eye-ball, namely, four
recti and two oblique.
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Dissection.—It is here taken for granted that the arch of the skull has
been previously removed in order to dissect the brain. Now, to gaina clear
view of the contents of the orbit, it is necessary to remove the greater part of
it roof, and the whole of its outer wall. With this intent the malar bone
may be sawed through on a level with the floor of the orbit, and as far back
as the spheno-maxillary fissure. The orbital plate of the frontal should in
the next place be eut through with a chisel along its inner third, and back to
the anterior clinoid process; this incision should be continued along the
floor of the middle fossa of the skull, close to the outside of the foramen
rotundum and ovale, and thence back to the pars petrosa, so as to cut
through the great wing of the sphenoid bone and the squamous part of
the temporal bone. When this has been done, the whole may be pressed
down and detached, by eutting along the base of the skull, from within ont-_
wards, the knife being inserted into the fissure thus made. These measures
should first be considered, and marked out on the dried skull. A eomplete
lateral view is thus obtained of the divisions of the fifth nerve, of all those
in the cavernous ginus, as well as of the parts in the orbit.

Puncture the optic nerve with a coarse needle near the globe of the eye,
and push it on into the latter, so as to make a free passage into it, through
which you may convey a eurved blow-pipe, and with a little air distend the

globe ; ligature the extremity of the nerve to prevent the air from eseaping.
Draw the eye-lids forward, fill them with a little cotton, and apply a few
points of suture along their margins. The eye-lids and the globe can now
be drawn gently forward, which will put all the muscles on the stretch ; and
their dissection merely consists in taking out cautiously the fat which fills
the orbit.

The four recti muscles of the eye at their origin surround
' the optic nerve, and at their inser-
tion correspond with the opposite
points of the globe of the eye; each
of them has a double name, one being
founded on its situation, the other on
its action, as follows: viz. rectus su-
perior velattollens; rectusinferior v. de-
pressor ; rectus internus v. adductor ;
and rectus externus v. abductor.

The superior rectus (fig. 101,%)
arises close by the foramen opticum,

* The superior maxillary bone, with the orbit opened on the outer side to
show the eye with its museles. 1. Levator palpebree. 2, 3, 4. Superior,
inferior, and external reeti. 5. Superior oblique represented by a white
line. 6. Inferior oblique,
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and beneath the levator palpebrae’; it curves over the globe,
and is inserted tendinous into the anterior part of the scle-
rotica.

The inferior rectus®, internal rectus, and external rectus®,
all arise by a common tendon, which is attached to the bony
lamella that separates the foramen opticum from the sphenoidal
fissure - but the external rectus has another attachment besides
that of the common tendon. Its second head arises from the
margin of the sphenoidal fissure, near the superior rectus.
Between these heads is a narrow interval, which gives trans-
mission to the third and sixth nerves and the nasal branch of
the fifth. The four recti, thus attached posteriorly, pass for-
wards diverging, and, after curving over the middle of the globe
of the eye (to which they present a flattened surface) in the
position implied by their names respectively, are inserted by
short tendinous fibres into the fore part of its sclerotic coat
at an average distance of four lines from the margin of the
cornea.

In length and breadth there are some differences among
these muscles. The external rectus exceeds the internal one
in length. On the other hand, the latter (internal rectus)
has some advantage in width, being broader than any, and
the superior one appears slightly the narrowest of all.

The superior oblique (obliquus superior v. major ; trochlearis
—Cowper) is placed at the upper and inner part of the orbit,
internally to the levator palpebree.. It arises about a line from
the optic foramen at its upper and inner part. Irom thence,
this long slender musele proceeds towards the internal angu-
lar process, and terminates in a round tendon, which passes
through a fibro-cartilaginous ring, or pulley (trochlea) attached
to a depression on the frontal bone at the inner margin of the
orbit. To facilitate movement, a delicate synovial sheath
lines the contignous surfaces of the pulley and the tendon,
and they are covered over by a loose cellular or cellulo-fibrous
membrane. At this point the tendon is reflected outwards and
backwards, passing between the globe and the superior rectus,
to be inserted into the sclerotica, midway between the superior
and external recti muscles, and nearly equi-distant from the
cornea and the entrance of the optic nerve.—This muscle is
covered by the roof of the orbit, the fourth nerve entering
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its upper surface, and beneath it lie the nasal nerve and the
internal rectus muscle.

The dnferior oblique (obliquus inferior) is the only musele
of the eye which does not take origin at the bottom of the
orbit. It arises from a minute depression in the orbital plate
of the superior maxillary bone just within the inferior margin
of the orbit and close by the external border of the lachrymal
groove. The musele inclines outwards and backwards between
the inferior rectus and the floor of the orbit, and ends in a ten-
dinous expansion, which passes between the external rectus and
the globe to be inserted into the sclerotica, at its external and
posterior aspect. "

Besides the six muscles here described as the special motors
of the globe of the eye, two others are found within the orbit,
and have been already described with the muscles of the eye-
lids, to which they belong, viz. the levator palpebra and tensor
tarsi (page 248).

Actions—The four straight muscles are attached in such a way at opposite
pomts of the cireumference of the globe of the eye, that, when the parts are
viewed together in their natural position, the muscles with the globe repre-
sent a pyramid, whose summit is at the optie foramen, and base at the
points of insertion. Now, as these points are anterior to the transverse
diameter of the globe, and as each musele, to reach its insertion, curves over
the convexity of the eye, it will be obvious that, when in action, their effect
must be to turn or rotate the globe, so that the cornea will be directed by
them either upwards or downwards, outwards or inwards, as their names
severally express. This will be better seen if a needle be inserted into the
middle of the cornea, and each muscle be pulled by holding it with a pair of
forceps near its origin. If any two recti act together, the cornea will be
turned to a point intermediate between those to which they direct it sepa-
rately. Thus the superior and external recti acting together turn the cornea
upwards and outwards, the inferior and internal recti downwards and in-
wards. By this suceession, combination, and alternation of action, the recti
are enabled to direct the eye with the minutest precision to every point in
the field of view. Sir E. Home attributes to them also the power of com-
pressing the globe so as to lengthen its antero-posterior diameter, thereby
becoming the principal means of its adjustment to seeing at different dis-
tances,

What is the action of the obliqui ! They were at one time supposed to
serve as antagonists to the reeti, and to draw forward the globe of the eye,
after it had been retracted into the orbit by the latter muscles. This cannot
be the ease ; for they exist in animals in which the globe ecannot be re-
tracted, and they receive no inerease of developement in those which possess
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a large retractor muscle in addition to the reeti. The obliqui were con-
sidered by Sir Charles Bell to perform all the involuntary and revolving
movements ; the recti all those which are governed by the will. When
volition is suspended in sleep, or during coma, the cornea is observed to be
turned upwards under the upper eye-lid ; and when the lid descends, as in
winking, the globes revolve upwards at the same time, and for a special pur-
pose. When the eye-lid descends like a curtain over the globe, it brings
down any extrancous matters which may have lodged upon it. These
would necessarily be collected into a line across the gentre of the cornea
and obstruet wvision ; but, by the revolving metion, the cornea is carried
upwards as the lid descends, and all extraneous matters are brushed away.
The opinion above noticed that the oblique museles preside over the in-
voluntary movements of the eye seems to have been suggested by a theory
concerning the influence of the fourth nerve, which is distributed to the
superior one., And it is liable to the objection (amomg others) that, sup-
posing the view respeeting that nerve to be correet, there is no more reason

- for attributing involuntary movements to the inferior oblique than to the

recti, which reccive nerves from the same source. On the whole, it appears
most probable that these muscles produee the revolving movements which
have been deseribed, and little more, and that they may with Dr. Jacob be
regarded as “ rotatory museles,” their office being, when acting together, to
revolve the eye “round a longitudinal axis, directed from the open [the an-
terior part] of the orbit to its bottom.”* But, supposing them to act singly,
the axis would, in all probability, be slightly altered during the rotation.
So that under the influence of the superior musecle alone, while the eye-
ball was rotated, the pupil would at the same time be direeted to the outer
and lower side of the orbit ; and, during the action of the inferior oblique,
the rotatory movement of the eye would be attended with an inelination
of the pupil upwards and inwards.

MUSCLES OF THE NECK.

The muscles of the neck are numerous, and at first sight ap-
pear to be rather complex in their distribution. They may be
grouped into sets as follows :—

1. The muscles placed along the side of the neck being, at

2 ; : Superficial
least comparatively, superficial, viz. the platysma TI; i
myoides, and sterno-mastoidens B
2. Those placed obliquely at the upper part of lhc ncck :
l ey PR 2 Sub-maxillary
viz. digastricus, stylo-hyoideus, stylo-glossus, stylo- T
r} -

pharyngeus ; . " \ - . f

R —

* ¢« 0On Paralytic, Neuralgic, and other Nervous Diseases of the Eye. By
Arthur Jacob, M. D tn Dublin Med. Press, 1841,
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3. Muscles plncml towards the fore part, and above the sy enio-hyoid
hyoides, viz. mylo-hyoideus, genio-hyoideus, hyo- } region.
glossus, genio-hyo-glossus, and lingualis :

. The muscles placed in front, lying beneath the os h}f—] Sterno-hyoid
oides, viz. sterno-hyoideus, sterno-thyroideus, t}l}ru— region.
hyoideus, erico-thyroideus, and omo-hyoideuns j

5. Those placed deeply at the side and front of the ver-
tebral eolumn, viz. sealeni, rectus lateralis, rectus an-
ticus, major and minor, and longus colli . ;

All these are in pairs at each side.

Dissection and general view of the Muscles of the Neck—The head being
allowed to hang over a block placed behind the neck, and the side of the
latter being turned forward, we may proceed to examine it as a separate
region. In this view it presents itself to our notice as a quadrilateral space,
bounded below by the clavicle, above by the margin of the jaw, and a line
continued back from it to the mastoid process ; before, by the median line,
extended from the chin to the sternum, and behind, by another from the
mastoid process to near the external end of the claviele. Now, the whole
space is divided into two triangles by the sterno-mastoid musele, which
runs diagonally through its area. Each of these requires a partieular exami-
nation ; for in the upper triangle, whose base corresponds with the margin
of the jaw, and whose apex lies at the sternum, is lodged the carotid artery ;
and in the external and inferior space, the base of which corresponds with
the clavicle, the subclavian artery is placed in the situation in which it may
be compressed or tied. When proceeding with the dissection, two ineigions
may be made through the skin ; one directed transversely along the base of
the lower maxilla to the mastoid process of the temporal bone ; the other
in the course of the sterno-mastoid, from the mastoid process to the sternum,
so that the angular flap thus marked out may be raised and reflected for-
wards. By means of an incision made along the elavicle, another flap of skin
may be turned backwards, and then the platysma will be exposed in its entire
extent ; the direction of its fibres should be carefully eonsidered in reference
to the operation of opening the jugular vein.  If the point of the lancet be
directed upwards and forwards in the course of its fibres, it will merely
make a fissure between them, afd when withdrawn they will contract and
¢lose over the wound in the vein; so that the operation is rendered inef-
fectual, and probably an ecchymosis will be produced. But if it be directed
upwards and outwards, the fibres will be cut across and retract, so as to ex-
pose the vein and the aperture made in it.

The platysma being now reflected, the cervieal fascin will be fully exposed,
particularly if the trapezius be turned back. (See the deseription with other
struetures of the same kind) When the platysma is dissccted off the
sterno-mastoid, we see lying on it the ascending nerves of the cervical
plexus, and passing downwards the deseending set. In the area of the
internal and superior trinngular space, will be found the os hyoides and

Anterior ver-
tebral region.
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larynx and the muscles connected with them, together with the submaxillary
gland and the large blood-vessels (carotid artery and jugular vein) enclosed
with the vagus nerve in a sheath which has over it the nerves coursing to
the infra-hyoid museles. A smaller triangle is recognized within the larger
space now deseribed. It is eircumseribed by the digastric muscle above,
the omo-hyoid below, and the sterno-mastoid externally.

The external inferior triangular space, which is commonly said to be
bounded by the sterno-mastoid, the trapezius, and the clavicle, will be found
divided into two parts by the omo-hyoideus passing across it. The upper
division contains the cervical nerves and several muscles. The lower and
most important (supra-clavicular) part is very small, and is, in general, dis-
tinetly triangular. It is bounded by the sterno-mastoid and omo-hyoid as
its sides, and the clavicle as its base ; and contains the subelavian artery
and the brachial nerves, with a part of the anterior scalenus muscle.

SUPERFICIAL CERVICAL REGION.

Two muscles are extended beneath the skin, along the side
of the neck : —

The platysma myoides (fig. 97,'") (latissimus ecolli,—Alb.;
cutaneus ; peaucier) is a flat, thin plane of muscular fibres,
forming a fleshy membrane, placed immediately beneath the
skin of the meck. Its fibres, which are pale and thin in their
entire extent, commence in the cellular tissue, covering the
upper part of the deltoid and pectoral muscles, and thence pro-
ceed upward and inwards over the clavicle, and upon the side
of the neck, gradually narrowing and approaching the muscle
of the opposite side. They pass over the margin of the inferior
maxillary bone; some of them adhere to its external oblique
line, becoming blended with the depressores labii inferioris and
anguli oris; some incline inwards and mingle with those of
the opposite platysma in front of the symphysis of the jaw, and
even cross from one side to the other, those of the right side
overlapping those of the left ; whilst others farther back are
prolonged upon the side of the check as far as the angle of the
mouth, where they become blended with the muscles in that
situation. In some subjects, a few fibres may be traced higher
up on the face to the zygomatic muscles, or even to the margin
of the orbicularis palpebrarum.

The platysma is covered by the skin, to which it is con-
nected by cellular tissue, usually called the superficial fascia of
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the neck. It covers slightly the pectoralis major, its upper or
clavicular portion, as well as the clavicular part of the deltoid,
and the clavicle; higher up it lies upon the sterno-mastoid
muscle, external jugular vein, the sheath of the great cervical
vessels, the submaxillary gland, the labial artery, the body of
the jaw-bone and the side of the cheek.

The sterno-clerdo-mastoid muscle (fig. 102,") is extended, as
it were, diagonally across
the side of the neck, from
the top of the sternum to
the mastoid process be-
hind the ear: it is thick
and rounded at the mid-
dle, so as to be at all
times prominent, particu-
larly when in action, but
becomes broader and thin-
ner at its extremities. It
arises from the anterior
surface of the sternum
and the anterior and upper
part of the clavicle, at its
o inner third, the attach-
ment to the former being by a thick rounded fasciculus com-
posed of tendinous fibres at its cutaneous aspect, the rest being
fleshy. The clavicular portion, separated at first from the pre-
ceding by a cellular interval, is flat, and in form somewhat tri-
angular; it is composed of fleshy and aponeurotic fibres, which
pass perpendicularly upwards, whilst the sternal part inclines
backwards as it ascends, so that both become inseparably blend-
ed, below the middle of the neck, into a thick rounded muscle,

Fig. 102.%

—

* A front view of the muscles of the neck, from the base of the lower
maxilla to the sternum and clavicles,—Together with the integuments, fascia,
and platysma, (whieh have been removed from both sides,) the sterno-mastoid,
sterno-hyoid, digastric, and mylo-hyoid have been detached on the left
side, 1. Sterno-mastoid. 2. Digastrie. 3. Stylo-hyoid. 4. Stylo-glossus.
5. Stylo-pharyngeus. 6. Mylo-hyoid. 7. Genio-hyoid. 8. Hyo-glossus.
9. Lingualis.  10. Sterno-hyoid. 11. Slcmu—thi,'ruitl. 12. Thyro-hyoid.
13. Omo-hyoid. 14. Sealenus anticus. 15, Scalenus posticus. 16. Tra-
pezius, 17. Levator anguli seapula,
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which is finally inserted into the anterior border and external
surface of the mastoid process, and for some way into the rough
ridge behind it, by a thin layer of aponeurotic fibres.

The external surface of the muscle is covered by the platysma
in the middle three-fifths of its extent, its upper and lower
portions being left uncovered, so that its sternal origin and its
insertion are covered only by the fascia and skin; part of the
parotid gland overlaps it superiorly. In the middle it is crossed
by the external jugular vein, and by the ascending superficial
branches of the cervical plexus. It rests on part of the sterno-
hyoid and sterno-thyroid muscles, crosses the omo-hyoid muscle,
covers the cervical plexus of nerves and great cervical vessels in
the lower part of the neck, and in the upper part the digastricus
and stylo-hyoideus muscles, and spinal accessory nerve, which
pierces it.—The two sterno-cleido-mastoidei are placed closely
together at their sternal attachment, whilst their insertions are
separated by the whole breadth of the basis of the skull.

The sterno-cleido-mastold has been, and indeed still oceasionally is, de-
seribed in anatomical works as two muscles, under the names sterno-mas-
toidens and eleido-mastoidens.—The musele varies much in breadth at the
lower end, the variation being due altogether to the clavicular part, which in
one case may be as narrow as the sternal tendon, while in another it reaches
to the extent of three inches along the claviele, The same part of the muscle
may likewise, when broader than usual, be divided into several slips
separated by intervals near the eclaviele. A band of muscular fibres has,
in a few instances, been found reaching from the trapezius to this muscle
over the subelavian artery ; their eorresponding margins (which are usually
separated by a considerable but varying interval) have been observed in
contact,*—A slender rounded and elongated musele, of about the length of
the sternum, is from time to time to be seen lying parallel with the outer
margin of that bone, and over the inner part of the pectoral muscle. It is
fleshy in the middle and tendinous at both ends, and one of these (the
guperior) is attached to the first bone of the sternum, in connexion with the
tendon of the sterno-mastoid ; the other is usually conneected with the
aponeurosis covering the rectus abdominis musele. It is very rarely present
on both sides of the same body. The names rectus sternalis and sternalis
brutorum have been assigned to this * occasional ™ muscle.

Actions—The lower part of the platysma can exert no action of much

——

# « The Anatomy and Operative Surgery of Arteries,” by R. Quain,
p. 186, and plate 25.
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importance in the human subject. The upper part of the musele may assist
in depressing the angle of the mouth ; and when its action is general the
skin of the neck becomes slightly ereased or wrinkled. When the two
sterno-mastoid muscles act together, they bow the head forwards; but if
one acts by itself, it is enabled by the obliquity of its direction to turn the
head, and therefore the chin, to the opposite side. It has been said that
this musele ean draw the head down to its own side, approximating the ear
to the shoulder. But, to effect this, its action must be combined with that
of some other muscle, as the splenius ; for then, as the latter arises from the
spinous proeesses, whilst the former comes from the sternum, both con-
verging to the mastoid process, the head may, by their combined effort, be
drawn down to the peint intermediate between their attachments, namely,
to the shoulder.

SUB-MAXILLARY REGION,

The digastric muscle (fig. 102,* %) (digastricus; biventer max-
illee inferioris,— Alb. ; mastoido-mentalis) is placed in a curved
direction across the upper part of the neck, a little below the
margin of the lower maxillary bone. As its name implies, it
consists of two fleshy bellies, united by a rounded middle
tendon, each of which parts has a separate attachment. The
posterior belly, which is longer than the anterior, arises from
the digastric groove in the temporal bone and the fore part of
the mastoid process: the anterior is inserted into a rough de-
pression at the inside of the lower border of the jaw-bone, close
to its symphysis, whilst the tendon is connected with the side
of the os hyoides by a dense fascia, and by the fleshy fibres of
the stylo-hyoideus muscle?, through which it (the tendon) passes.
The posterior, or sub-masteid portion, descends inwards and
forwards, gradually tapering until it ends in the tendon; the
anterior, or sub-mental portion, arising from the tendon, passes
upwards and forwards, gradually widening towards its insertion,
where it is in contact with the digastricus of the opposite side.
Now, as the side of the os hyoides is benecath both points of
attachment, and nearly in the middle between them, the fleshy
bellies, where they end in the tendon, must form an angle with
one another.

The anterior belly, lying immediately under the fascia, rests
on the mylo-hyoideus musele, and is connected by dense fascia
with its fellow of the opposite side ; the posterior is covered by

i
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the mastoid process and the muscles arising from it, and crosses
both carotid arteries and the jugular vein. Tts upper margin
bounds the sub-maxillary gland. The lower one forms one of
the sides of the smaller anterior triangle of the neck.

The stylo-hyoid musele (stylo-hyoideus) (figs. 102,%; 103,%)
lies close to the posterior belly of the preceding muscle, being
a little behind and beneath it., It arises from the middle of
the external surface of the styloid process of the temporal bone,
from which it inclines downwards and forwards, to be inserted
into the os hyoides at the union of its great cornu with the
body. Its fibres are usually divided into two fasciculi near its
insertion, for the transmission of the tendon of the digastricus.

Tts upper part lies deeply, being covered by the sterno-mastoid
and digastric muscles, and by part of the parotid gland: the
middle crosses the carotid arteries; the insertion is com-
paratively superficial.

This muscle is sometimes wanting; ocecasionally a second is present
(stylo-hyoideus alter,—Alb.) The position too may be altered—it has been
found beneath the external carotid artery instead of over that vessel.*

The stylo-glossus (figs. 102,*; 108,%) lies higher up, and is
also shorter than any of the three muscles which arise from the
styloid process. Its direction is forwards and a little down-
wards, so that it becomes nearly horizontal. It arises from the
styloid process near its point, and from the stylo-maxillary liga-
ment, to which, in some cases, the greater number of its fibres
are attached by a thin aponeurosis, and is inserted along the
side of the tongue, its fibres expanding somewhat as they become
blended with its substance; they overlay those of the hyo-
glossus muscle, (the fibres of the two slightly decussating,) and
a few are continued forwards into the lingualis.

This muscle lies very deeply beneath the parotid gland, and
between the external and internal carotid arteries.—It occasi-
onally is seen to arise from the inner side of the angle of the
lower maxilla, and cases have been observed in which it was
altogether absent.

Stylo-pharyngeus (figs. 102,%; 108,%).—This is larger and
longer than the other styloid muscles, and also more deeply

* The work on Arteries, above referred to, plate 12, fig. 5.
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seated ; it extends from the styloid process downwards, along
the side of the pharynx, slender and round at the upper part.
It arises from the inner surface of the styloid process, near its
root, from which it proceeds, downwards and inwards to the
side of the pharynx, where it passes under cover of the middle
constrictor muscle, and, gradually expanding, it detaches some
fibres to the constrictors of the pharynx, and, having joined with
the palato-pharyngeus, ends in the superior and posterior bor-
ders of the thyroid cartilage.

The external surface of the muscle is, in the upper part of its
extent, in contact with the styloid process and stylo-hyoideus
muscle and external carotid artery ; in the lower, with the mid-
dle constrictor of the pharynx. Internally it rests on the internal
carotid artery and jugular vein; but more inferiorly it is in con-
tact with the mucous membrane of the pharynx. The glosso-
pharyngeal nerve is close to the muscle, and crosses over it in
turning forward to the tongue.

Actions—The stylo-hyoidei and stylo-pharyngei conspire in clevating the
base of the tongue and the bag of the pharynx at the moment when deglu-
tition is taking place, the latter pair of muscles tending at the same time to
widen the pharynx. The peculiar mechanism of the digastric muscles
enables them to contribute to the elevation of the os hyoides also; for when
the two fleshy parts contraet together, they come nearly into a straight line,
and thereby draw up the bone just named, by means of the connexion of the
middle tendon of the musele with its cornu. As a preparatory measure, the
mouth must be closed, and the lower jaw fixed, which is one of the first
steps in the process of deglutition. If the os hyoides be kept down by the
sterno-hyoidens, the anterior belly of the digastrieus will serve to depress
the lower jaw. The stylo-glossi muscles retract the tongue; they also act
on its marging, and elevate them; if the genio-hyo-glossi (fig. 103,") come
into action at the same time, and draw down its raphé, or middle line, its
upper surface will be converted into a groove.

GENIO-HYODID REGIDXN.

The mylo-hyoid muscle (mylo-hyoideus) (fig. 102,%) is a flat
triangular muscle, placed immediately beneath the anterior belly
of the digastric, and extended from the inside of the inferior
maxilla to the os hyoides ; its base, or broader part, being above,
the apex being below. It arises from the mylo-hyoid ridge,
along the inner surface of the lower jaw. The posterior fibres
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incline obliquely forwards as they descend to be inserted into
the body of the os hyoides; the rest proceed, with different
degrees of obliquity, to join at an angle with those of the cor-
responding muscle, forming, with them, a sort of raphé along the
middle line, from the symphysis of the jaw to the os hyoides.

The external surface of the mylo-hyoid muscle (which in
the erect position of the head is inferior) is covered by the
digastricus and sub-maxillary gland and sub-mental artery ; the
internal, which looks upwards and inwards to the mouth, con-
ceals the genio-hyoideus and part of the hyo-glossus and stylo-
glossus muscles, the ninth and gustatory nerves, and the sub-
lingual gland with the duet of the sub-maxillary ; its posterior
border alone is free and unattached, and behind it the duct of
the sub-maxillary gland turns in its passage to the mouth.
~ The two muscles of this name, by their junction in front, and
by the inclination of the plane which they form, support the
mucous membrane of the mouth and the tongue, constituting a
muscular floor for that cavity.

The genio-hyoid muscle (genio-hyoideus) (fig. 102,7; fig. 103,
®) is a narrow muscle, concealed by the preceding, and lying
close to the median line. It arises from the inside of the sym-
physis of the chin (its inferior sub-mental tubercle), and thence
descends in contact with the corresponding muscle, and increas-
ing a little in breadth, to be inserted into the body of the os
hyoides. This pair of muscles lies between the mylo-hyoideus
and the lower or free’ border of the genio-hyo-glossus.

The hyo-glossus (fig. 102,%) is a flat, thin four-sided band of
muscular fibres, extended upwards upon the side of the tongue
from the lateral portion of the os hyoides. It arises from the
whole length of the great cornu of the os hyoides, and from part
of the body of that bone, and sometimes derives fibres from the
small cornu.  From this the muscular fibres incline upwards and
outwards, (those from the body of the bone overlapping the
others a little,) to be inserted into the side of the tongue,
where they expand, becoming blended with its substance: the
direction of this muscle is almost vertically upwards, and that of
the stylo-glossus horizontally forwards, so that they decussate
upon the side of the tongue.

The hyo-glossus muscle is covered by the digastric and
mylo-hyoid, and by other structures just mentioned as lying
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beneath the latter muscle. It covers the genio-hyo-glossus and
the origin of the middle constrictor of the pharynx, together with
the lingual artery and glosso-pharyngeal nerve.

Until comparatively late period, the hyo-glossus was deseribed by ana-
tomists as three muscles ; and they were named by Albinus, from the part
of the hyoid bone with which they are each connected, basio-glossus, cerato-

glossus, and chondro-glossus. The name by which the whole, considered as
one musele, is now usually known, was suggested by Winslow.

The genio-hyo-glossus (fig. 108,
™) is so called from its triple con-
nexion with the chin, os hyoides,
and tongue. The musecle forms a
flat, triangular plane of fleshy fibres,
placed vertically in the median line,
the apex of the triangle being
represented by its origin from the
inside of the symphysis of the
lower jaw, the base by its insertion
along the whole length of the
tongue from its point to its root, for the fibres spread out
radiating like the ribs of a fan; one of the sides (the lower one)
corresponds with the border which extends from the symphysis
to the os hyoides, the other (upper and anterior) with the
frenum linguee. The inner surface is in contact with the cor-
responding muscle, the external being covered by those last
described. It arises, by a short tendon, from the superior sub-
mental tubercle on the inner side of the symphysis of the chin.
To this the fleshy fibres suceceed and diverge from one another,
the inferior ones passing down to the os hyoides, above which
a few are continued into the side of the pharynx; the anterior
fibres are directed upwards to the tip of the tongue, and the
rest proceed in different directions to the under surface of
the tongue, with which they are blended in its entire length
from base to apex.

* A small part of the skull, (including the styloid process of the temporal
bone,) the lm‘{‘ half of the inferior maxilla, the os hyoides, larynx, and a few
rings of the trachea, together with the tongue, and several :nuscjies, as follows :
viz. 1. Stylo-hyeid. 2. Stylo-glossus. 3. Stylo-pharyngeus. 5. chiorh{—
oid. 7. Genio-hyo-glossus. 8. Thyro-hyoid. The hyo-glossus is clearly
seen, but it is not numbered.—This sketch is inaceurate, as regards the points
at which the muscles are connected with the stylond process.
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The internal surface of the muscle is in contact with that of
its fellow, from which it is at first separated towards the poste-
rior part of the tongue by the fibro-cellular structure which runs
for some way through the middle of that organ, but both become
closely adherent towards their termination. The external sur-
face is in contact with the lingualis, hyo-glossus, and stylo-glos-
sus, the sub-lingual gland, the ranine artery, and the gustatory
and motor nerves of the tongue.

—The proper or * intrinsic™ lingual muscles will be described
with the other structures of the tongue.

Actions.—The muscles that pass from the jaw-bone to the os hyoides are
ordinarily employed in elevating the latter, and with it the base of the
tongue, more particularly in deglutition. The genio-hyo-glessi, by means of
their posterior and inferior fibres, can draw up the os hyoides, at the same
time bringing it and the base of the tongue forwards, so as to make its apex
protrude beyond the mouth. The anterior fibres will, subsequently, act in
retracting the tongue within the mouth. The mylo-hyoidei may be com-
pared to a movable floor or bed, which eloses in the inferior and anterior
part of the mouth, at the same time serving to sustain the body of the
tongue.

STERNO=-HYOID HEGION.

The sterno-hyoid (sterno-hyoideus) (fig. 102,'") lies at the
fore part of the neck, near to the middle line, and in part imme-
diately beneath the skin and fascia, extending from the thoracic
surface of the sternum or the clavicle to the os hyoides. The
origin varies between the sternum, the inner end of the clavicle,
and the ligament connecting these bones (the posteriorsurface of
each). Thus: it will be found to arise from the sternum and
the posterior sterno-clavieular ligaments ; from the clavicle and
the ligament ; or from the last-named bone only. It has like-
wise occasionally connexion to a small extent with the cartilage
of the first rib. It forms a flat, narrow band of muscular fibres,
and is 2nserted into the lower border of the body of the os
hyoides.

The muscle is concealed below by the sternum and sterno-
mastoid, higher up only by the skin and fascia ; and it lies on
the sterno-thyroid and thyro-hyoid muscles, which it partly con-
ceals, as well as the erico-thyroid membrane. The inner border
is in contact with that of the corresponding muscle towards the
middle of its extent, but is separated from it by an interval
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superiorly, and usually by a larger one near the sternum; the
outer margin is in contact with the omo-hyoideus near the os
hyoides.—The muscular fibres are, in many cases, interrupted
by a transverse tendinous intersection.

The sterno-thyroid, (sterno-thyroideus; sterno-thyredideus,—
Alb.) (fig. 102,") broader and shorter than the preceding, be-
hind which it lies, arises lower down than that muscle, from the
thoracic surface of the first bone of the sternum, from which it
ascends, diverging a little from the corresponding muscle, to be
inserted into the oblique line on the side of the ala of the thy-
roid cartilage.

The greater part of its anterior surface is concealed by the
sternum and the sterno-hyoid, as well as by the sterno-mastoid ;
the posterior rests on the vena innominata, the lower part of the
common carotid artery, the trachea, and the thyroid gland. The
inner margin is in close contact with the muscle of the other
side in the lower part of the neck and behind the sternum.

This muscle is often partially erossed by transverse or oblique tendinous
lines.—At the upper extremity a few fibres are often found to blend with
the other muscles connected with the same part of the thyroid cartilage (the

thyro-hyoid and inferior constrietor of the pharynx), and it sometimes hap-
pens that a few extend to the os hyoides.

Thyro-hyoid muscle (thyro-hyoideus; hyo-thyredideus,—
Alb.) (figs. 102,'*, and 105,%).—This appears like a continuation
of the preceding muscle, as it arises from the oblique line on the
side of the thyroid cartilage, and thence passes up to be inserted
into the lower border of the great cornu and the body of the
os hyoides (a portion of each). Some fibres may be found to
continue upwards from the sterno-thyroid.—It is concealed by
the sterno-hyoid and omo-hyoid museles, and rests on the ala
of the thyroid cartilage, and on the thyro-hyoid membrane ;
between the latter structure and the muscle are placed the
superior laryngeal nerve and artery before they enter to the
larynx.

The crico-thyroid comes into view with the muscles now
under observation. But, as it belongs exclusively to the larynx,
the account of it will be more fitly placed among the muscles of
that organ, with which it is associated in funetion.—See the
description of the larynx.

The omo-hyoid (omo-hyoideus; coraco-hyoideus— Alb.;
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scapulo-hyoideus) (fig. 102,'%) is in structure a digastric muscle,
as it consists of two bellies, united by a tendon. One of these
(the upper and inner one) lies close to the external border of the
sterno-hyoideus muscle, and is covered only by the platysma
and fascia ; the other is deeply seated, being concealed, in the
greater part of its extent, by the clavicle and sterno-mastoid.
It arises from the upper border of the scapula, near the supra-
scapular notch, and from occasionally, likewise, the ligament
which crosses it. From thence the muscle, forming a narrow,
flat fasciculus, inclines forwards across the root of the neck,
where it suddenly changes its direction, and ascends almost ver-

is dignstric.
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tically, to be inserted into the lower border of the os hyoides, at’ Insertion.

the union of its body and cornu. The two parts of the muscle
here deseribed form an angle, where they lie behind the sterno-
mastoid, and are connected to each other by a tendon, which
varies much in length and form in different subjects. The
tendon is enclosed within two lamelle of the deep cervical fascia,
which, after forming a sort of sheath for it, are prolonged down,
and become attached to the cartilage of the first rib. It is by
this mode of connexion that the angular position of the muscle
is maintained.

The omo-hyoid crosses over the scaleni muscles, the cervical
nerves, the sheath of the common carotid artery and jugular
vein with the nerves lying on it, and the sterno-thyroid and
thyro-hyoid muscles. It subdivides the two large triangles into
which the side of the neck is formed by the sterno-mastoid in
the manner stated at page 266.

Deviations from the ordinary arrangement and size are not uncommon in
the omo-hyoid. One of the most frequent is the decrease of the extent of
tendinous intersection which may be found to intercept only a few of the
musenlar fibres; and it may be altogether wanting. The muscle oceasionally
reaches only from the claviele to the os hyoides, nrising from the former
- bone about its middle, so that the posterior belly is absent.® In one case,

on the other hand, the posterior part alone was present, and it was con-
nected to the hyoid bone by a band of fascia.t

Actions.—All the individuals of this group of muscles take their fixed
point below, and therefore conspire in being depressors of the larynx and os

* See “ Anatomy and Oper. Surg. of Arteries,” by R. Quain, p. 186.
plate xxv.
+ Ibid., plate iv. fig. 2.
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hyoides, for they draw down these parts as deglutition is being performed.
As o preparatory measure to swallowing, the pharynx is drawn up, so also is
the os hyoides ; and, moreover, as a means of security, the larynx at the
same moment is made to ascend, so as to be brought under cover of the
epiglottis.  After the ascent has been effected, the parts do not return to
their original position by the mere relaxation of the elevators; they are
drawn down by the action of the five' muscles just deseribed. The thyro-
hyoideus is the only one of them that can act as an elevator; for when the
08 hyoides ascends, this muscle can draw upwards the thyroid cartilage
with it.

VERTEBRAL REGION (LATERAL).

* The anterior scalenus (scalenus anticus; scal. prior,—Alb.)
(fig.102,"; fig.104,") lies deeply
at the side of the neck, behind
and. beneath the sterno-mastoid
muscle. It arises by a flat,
narrow tendon, from a rough
surface (more or less prominent
in different cases) on the inner
border and upper surface of the
first rib, from which its fleshy
fibres ascend vertically, to be
inserted into the anterior tuber-
cles of four cervical vertebree,
from the third to the sixth in-
clusive.

The muscle is partly covered
by the sterno-mastoid (a small part only projecting behind its
outer border), and the clavicle, and is crossed by the omo-
hyoid. The lower part separates the subclavian artery and
vein; the latter being in front of the muscle, and the former
with the brachial nerves behind it. To its inner side lie the
Jugular vein and the branches of the subclavian artery.

Fig. 104.1

T A small part of the skull : the cervical and a few dorsal vertebra, and parts
of two ribs with the deep-seated muscles, are seen from before. ~ After the
separation of the air-tube and gullet, the skull was sawed upwards nearly on
aline with the fore part of the spine to expose the structures II:n:rc represented ;
further, the scalenus anticus and reetus anticus major were removed from
the right side. 1, Scalenus anticus. 2, Scalenus medius, 2%, Sealenus pos-
ticus. 3. Reet. capitis antic. major. 4. Rectus antic. minor. &, Reetus
lateralis. 6 and 7. Longus colli. 8. Inter-transversales.
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The middle scalenus (scalenus medius) (fig. 102,; fig. 104,%)
is larger and longer than the preceding muscle, from which it is
separated below by the subclavian artery, and above by the
cervical nerves, as they issue from the inter-vertebral foramina.
Tt arises from the first rib, a little behind the anterior muscle
of the same name, the interval on the rib being slightly grooved
for the large artery just named. The fleshy fibres ascend along
the side of the vertebral column, and are inserted, by tendinous
processes, into the posterior tubercles of the last six, or, it may
be, to all the cervical vertebrz.

The middle sealenus is covered partly by the sterno-mastoid,
and is crossed by the clavicle, the omo-hyoid muscle, and arte-
rial branches. To the inner side, and intervening between
this muscle on the one hand and the anterior scalenus and
rectus major on the other, are the cervical nerves as they issue
from the foramina ; to the outer side lies the levator anguli sca-
pule with the posterior scalenus muscle.

The posterior scalenus (scalenus posticus).—This is the
smallest of the three scaleni muscles, and is deeply placed
behind that last described, in some cases blending with it. Tt
arises by a thin tendon from the second rib between the tuber-
cle and angle, and, after enlarging as it ascends, divides into
three or two small tendons, which are fixed into the transverse
processes of as many of the lowest cervical vertebrae on their
posterior tubercles.

Two mecessory or supernumerary bundles of muscular fibres are occasion-
ally observed in contact or connexion with the preeeding muscles, of which
they in general appear to be detached parts. The anterior of these (scale-
nus minimus of Albinus), lying between the anterior and the middle scalenus,
is placed behind the subclavian artery interposed between the vessel and the
large nerves. It is but partially separated from the anterior sealenus, and
apparently results from the splitting of this muscle at the lower end by the
passage of the subelavian artery through it* The second necessory muscle
(scalenus lateralis—Alb.) is situated between the middle and posterior
scaleni. After arising from the second rib or the first, it ends in tendons
varying in number in different eases, and is connected to the vertebra with
the two muscles between which it lies, or close to them.

There is much difference among anatomical writers of authority as to
the number of these museles.t The difference appears to depend chiefly on

e .

* See the work on arteries before referred to, p. 151, and plate xxi.
+ The scaleni were originally looked on as o single musele perforated by
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the fact that one or more (the number varying in different stances) of the
short clefts of the upper part of the muscles happen oceasionally to be con-
tinued to the lower end, as oceurs so frequently in the muscle next behind
the scaleni, viz., the levator anguli scapulee, Something too depends on the
degree in which the cellular membrane intervening between the muscular
bundles happens to be removed.

Actions.—These museles draw down the transverse processes of the eer-
vical vertebre, and thereby bend that part of the spinal column to one side.
The inter-transversales ®, and rectus lateralis %, of each side act in the
same way, all conspiring to incline the head as well as the vertebre late-
rally. This movement may be alternated by bringing the opposite muscles
into action. If both act together, the head and spine will be maintained
erect. When the scaleni take their fixed points above, they draw on the
first ribs, rendering them fixed, as a preparatory step to making a foreible
inspiration. ;

VERTEBRAL REGION (ANTERIOR).

This includes the muscles placed in front of the spine upon
the cervical and upper dorsal vertebre ; viz. the rectus capitis
anticus major and minor, with the longus colli. .

The rectus capitis anticus major (fig. 104,%) appears like a
continuation of the anterior scalenus, being prolonged upwards
from the points at which that muscle ceases. Arising from the
anterior tubercles of the transverse processes of four cervical ver-
tebr@ (from the third to the sixth inclusive) by so many ten-
dinous processes, it ascends, converging somewhat to the corre-
sponding muscle, and is inserted into the basilar process of the
occipital bone, in front of the foramen magnum. It is ten-
dinous and fleshy in its structure.

The anterior surface supports the pharynx, the sympathetic
nerve, and the great cervical vessels, (the carotid artery, the

the subclavian artery and nerves (Vesaliug, 1. 2. e. 38); and the name * tri-
angular™ or “secalene’? was anlied to the mass (Spigelius, 1.4, ¢. 7). Che-
selden speaks of one musecle dividing into two parts. Cowper (Myot.
reform. p. 52) describes three; Winslow (sect. 3. § 574) two—but the an-
terior sealenus of this author consists of two branches separated l}{ the sub-
clavian artery and the brachial nerves; Albinus (and he is followed by
Semmerring) five — those mentioned in the text, with the accessories.
Haller (El. Physiol. 1. 8, sect. 1. § 20), remarked the * auctorum dis-
sidia,”” and, from his own observation, named seven, The modern French
anatomists, joining the middle and posterior museles, admit the presence of
but two. While the plan pursued in this work, which has been modified
from Albinus, accords with that of Meckel, Hildebrandt and Weber, and
more recent German anatomical writers, as well as, in great part at ’least,
Sabatier and Fyfe,
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jugular vein,) with the vagus nerve, or rather the sheath which
encloses these. The posterior surface overlays part of the longus
colli, and the rectus anticus minor, also the articulation of the
second with the first vertebra and of the latter with the occipital
bone. The muscles of opposite sides are considerably nearer
one to the other at their upper than their lower extremities.

The rectus capitis anticus minor (fig. 104,*) is a short,
narrow muscle, lying behind the superior part of the preceding,
between it and the ligament connecting the first vertebra to the
occiput. It arises from the fore part of the lateral mass of the
atlas and a little from the root of its transverse process, and is
inserted into the basilar process, between the margin of the
foramen magnum and the preceding muscle, but a little farther
out than the latter.

The rectus lateralis (fig. 104,%) is a short flat muscle placed
between the transverse process of the atlas and the occipital
bone. It arises from the upper surface of the transverse pro-
cess of the atlas, and is Znserfed into the jugular process of the
occipital bone.—The anterior surface supports the internal jugu-
lar vein at its exit from the skull, and the posterior is in relation
with the vertebral artery. This little muscle and the reetus anti-
cus minor may be considered as completing the series of inter-
transversales.”

Longus colli.—This muscle rests on the fore part of the
spinal column, from the atlas to the third dorsal vertebra. Tt is
narrowed and pointed at the extremities, but becomes wider along
the middle part; it is compressed throughout, and appears to
consist of three sets of fibres, differing in length and in direc-
tion—two being oblique, the third vertical. a. The superior
oblique portion (fig. 104,°) arises, by a narrow, tendinous pro-
cess, from the anterior tubercle of the atlas, from which its
fibres descend obliquely outwards, to be inserted into the fore
part of the transverse processes of the third, fourth, and fifth
cervical vertebrm, b. The inferior oblique, the smallest part of
the musele, extends obliquely inwards from the transverse pro-
cesses of the fifth and sixth cervical vertebrse to the bodies of
the first three dorsal. ¢. The vertical part is placed altogether
on the bodies of the vertebrae, and is connected with the two
preceding divisions, which are joined one to its superior and the
other to its inferior extremity. It is fixed above to the bodies
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of the second, third, and fourth cervical vertebra ; and the ten-
dinous and fleshy fibres”, derived from these attachments, pass
vertically downwards, to be inserted into the bodies of the three
lower cervical vertebree and the three upper dorsal. The two
muscles of this name are separated by an interval inferiorly, but
are joined one to the other at their superior extremities. They
consist of tendinous and fleshy fibres ; the former occupy the an-
terior surface, particularly at the extremities, some being also
deep-seated ; and the fleshy fibres, which are in general short,
are placed obliquely between them. These muscles support the
pharynx, the cwsophagus, the sympathetic nerves, the carotid
arteries, and the eighth pair of nerves.

Actions.—The anterior recti muscles are the natural antagonists of those
placed at the back of the neck. They restore the head to its natural position
when it has been drawn backwards by the posterior muscles, and, continuing
their effort, bow it slightly forwards. Beneath the base of the skull, and at
opposite points, we find short and straight museles, two in front (reeti
antici), two behind (rectus postiens, major and miner), one on each side
(rectus lateralis), which are the direct agents in the restricted motions that
take place between the head and the first vertebra. The horizontal move-
ment of the head is effected by the obliqui, particularly by the inferior one.
It is obvious that, if the inferior oblique acted by itself, the first vertebra only
would be rotated on the second, the head remaining unmoved ; but the recti
minores and the superior oblique muscle conspire to fix the skull on the first
vertebra, and thereby communicate to it any movement impressed on the
latter by the inferior oblique muscle.

PHARYNGEAL REGION.

We have here the following muscles forming a hollow bag,
open in front, the pharynx; viz. constrictor superior, constrictor
medius, constrictor inferior, together with the stylo-pharyngeus
and palato-pharyngeus.

Dissection—After having examined the sides and fore part of the neck,
when you are about to dissect the pharynx, larynx, and soft palate, proceed
as follows :—Cut across the trachea and @sophagus a little above the ster-
num, and draw hoth together forwards. There then can be no difficulty in
detaching the pharynx from the muscles in front of the vertebral column, as
they are merely connected by loose ccllular tissue. When this is done, a
picee of cloth should be carried deeply to the base of the skull, and drawn
acrogs the pharynx, to serve as a retractor whilst the saw is being used.
The edge of the saw should, in the next place, be applied behind the styloid
processes, so as to cut through the base of the skull, from below upwards,
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thereby detaching the face, with the pharynx and larynx all pendent from
beneath it. The pharynx should be stuffed, to render its muscles tense.
When its exterior is sufficiently examined, a longitudinal slit made along
the middle line posteriorly will expose its cavity, and that of the mouth and
larynx.

The pharynx is extended from the centre of the base of the
skull to the cesophagus, with which it is continuous, and placed
in front of the vertebral column, between the great vessels of
the neck ; it is immediately behind the nasal fosse, the mouth,
and larynx. The posterior and lateral parts of the pharynx are
loosely connected to the adjacent structures by cellular tissue,
and anteriorly it presents the several apertures that lead into
the nose, mouth, and larynx. TIts structure is made up, exter-
nally, of muscular fibres, (disposed in a very peculiar way,
being formed into three lamell on each side, partially over-
lapping one another, the lowest being the most superficial,) and,
internally, of mucous membrane, prolonged from the mouth and
nares. 'These layers of muscle are called the constrictors of the
pharynx ; they have likewise received other names, taken from
their points of attachment, which will be noticed in the detailed
description of each muscle. The constrictors form the lateral
and posterior boundary of the cavity, and as this is continuous or
communicates with the nasal fossa, the
month, and the larynx, the anterior mar- Fig. 105.*
gins of the muscles are connected on each
side successively with the outer part of
the posterior nares, the boundary of the
mouth, the lower maxilla, the tongue,
the hyoid bone, and the large cartilages
of the larynx. The lowest muscle,
being the most superficial, will most
conveniently be examined first.

The inferior constrictor of the pha-
rynx (pharyngis constrictor inferior,—
Alb,; laryngo-pharyngeus,—Fyfe) (fig. 105,'°) arises from the

* Intended to show the pharynx supported by a portion of the base of
the skull, the inferior muxi]l;n, (the ramus being removed,) the os hyoides,
and the larynx. 1. is above the bueecinator muscle. 2. placed on the
pterygoid process, points to the pterygo-maxillary ligament. 3, Orbicularis
oris. 5. .'t}']ull1i1uryng¢115, cut short. 6. Mylo-hyoid. 8. Thyro-hyoid.
9. Crico-thyroid. 10. Inferior; 11. middle; and 12. superior constrictor.
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external surface of the cricoid cartilage, and from the oblique
ridge on the side of the great ala of the thyroid. From these
attachments the fibres curve hackwards and inwards, converging
to those of the corresponding muscle of the opposite side, with
which they unite along the middle line. The direction of the
inferior fibres is horizontal, concealing and overlapping the com-
mencement of the cesophagus; the rest ascend with increasing
degrees of obliquity, and cover the lower part of the middle
constrictor,

The outer surface of the muscle is in contact at the side of the
Jarynx with the thyroid body, the carotid artery, and the sterno-
thyroid muscle, from which last some fibres are continued into
the consirictor, where both muscles meet on the thyroid carti-
lage. The two laryngeal nerves pass inwards to the larynx,
close respectively to the upper and lower margins of this constric-
tor—one being interposed between it and the middle constrictor,
the other between it and the esophagus.

The inferior constrictor was described by the older anatomists as two
muscles which received various names, the most appropriate of these being
thyro- or thyreo-pharyngeus and erico-pharyngeus.

The middle constrictor, (constrictor medius,—Alb.; hyo-
pharyngeus,) (fig. 105,") smaller than the preceding, is tri-
angular or fan-shaped. It arises from the side of the great
cornu of the os hyoides, also from its smaller cornu. From these
points of attachment the fibres proceed backwards, diverging
from one another, and are blended with those of the correspond-
ing muscle along the middle line. The lower fibres incline
downwards, and are concealed by the inferior muscle ; the middle
run transversely ; the rest ascend and overlap the superior con-
strictor.

This muscle is separated from the superior constrictor by the
stylo-pharyngeus muscle and the glosso-pharyngeal nerve, and
from the inferior comstrictor by the superior laryngeal nerve.
Near its origin it is covered by the hyo-glossus muscle, the
lingual artery being interposed ; and it covers the superior con-
strictor, the stylo-pharyngeus, the palato-pharyngeus, and the
mucous membrane.

The portions of this muscle derived from different places of origin were at
one time deseribed as distinet museles, under names taken from those parts,
¢. g. cerato-pharyngeus, chondro-pharyngeus, &e.

e ————
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Fibres of the middle constrictor have likewise been observed to arise from
one of the following parts, viz. the body of the os hyoides, the thyro-hyoid
ligament (syndesmo-pharyngeus of Douglas), and the stylo-hyoid ligament ;
and a few are oceasionally continued into it from the genio-hyo-glossus mus-
cle. The upper extremity of the two middle constrictors, where they join,
has been found (Albinus) connected to the base of the skull by a fibrous
band.

The superior constrictor (constrictor superior, — Alb. 3
cephalo-pharyngeus,— Fyfe,) (fig. 105,™) is attached slightly
to the side of the tongue (in connexion with the genio-hyo-
glossus), and to the extremity of the mylo-hyoid ridge, also to
the pterygo-maxillary ligament?, and the lower third of the in-
ternal pterygoid lamella. From these different points the fibres
of the musele curve backwards, becoming blended with those of
the corresponding muscle along the middle line, and are also
prolonged, by means of the posterior aponeurosis, to the basilar
process of the occipital bone. The upper margin curves be-
neath the levator palati mollis and the Eustachian tube, and the
space intervening between this concave margin of the constrictor
and the base of the skull is closed by fibrous membrane.

In contact with the outer surface of this muscle are the in-
ternal carotid artery, and the large nerves, as well as the middle
constrictor, which overlaps a considerable portion, and the stylo-
~ pharyngeus, which enters to the pharynx between the two con-
strictors. It conceals the palato-pharyngeus and the tonsil, and
is lined by mucous membrane.

This, like the other constrictors, has been deseribed as several museles,
each separate origin being considered a distinet muscle, named usually by
prefixing the name of the place of its origin to the word pharyngeus,

Salpingo-pharyngeus (Santorini). Under this name is deseribed a small
muscle, which arising from the Eustachian tube, as the name implies,
(cdAmeys, & trumpet,) descends in the interior of the pharynx towards its
back part, and, after joining with the palato-pharyngeus, is lost in the mus-
cular structure of the cavity. This little muscle is often indistinet, and is
frequently absent.

By the peculiar mode of attachment of the constrictor muscles,
the bag of the pharynx is completed on the sides and posteriorly,
and left open in front; and by the connexion of the upper con-
strictor with the pterygoid processes, and with the buccinator,
(through the pterygo-maxillary ligament,) a continuous smooth
surface is established from the nasal foss® and from the commis-
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sure of the lips along the side of the mouth and fauces.—
Besides the constrictors, we find at each side, in the pharynx,
two other muscular fasciculi. One of these derived from the
stylo-pharyngeus®, which is insinuated between the adjacent
borders of the superior and middle constrictor, has been
already described (page 271). The other, the palato-pha-
ryngeus, lies more internally, and shall be described with the
muscles of the palate (page 289). :

Actions—The pharynx is drawn up when deglutition is about to be per-
formed, and at the same time dilated in opposite directions. It is widened
from side to side by the stylo-pharyngei, which are farther removed from
one another at their origin than at their insertion, and can thereby draw
outwards the sides of the cavity ; and as the os hyoides and larynx are car-
ried forwards in their ascent, the breadth of the pharynx from before back-
wards is also increased, inasmuch as its fore part is drawn in the same diree-
tion, by reason of its connexion with the larynx. When the morsel of food
is propelled into the pharynx, the elevator muscles relax, the bag descends,
and then the fibres of its own muscular wall begin to contract, and foree the
mass down into the esophagus.

When we contrast the structure of the pharynx with that of the eso-
phagus, comparing the complex arrangement observable in the one with the
simplicity of the other, we see abundant evidence of its being intended for
something more than a mere recipient and propellent of such matters as are
to be conveyed to the stomach. It exerts an important influence in the
modulation of the voice, in the production of the higher tones of which it is
brought into action.

The deseription of the muscular structure of the pharynx may be given
briefly as follows: it may be considered as a single muscle, consisting of
two symmetrical halves, united by a raphé posteriorly along the middle
line, the union extending from the basilar process to the esophagus. The
superior fibres eurve downwards and outwards, to be fixed to the lower third
of the internal pterygoid plate, to the pterygo-maxillary ligament, and to
the mylo-hyoid ridge and side of the tongue ; the middle set of fibres,
broad, and expanded posteriorly at the line of junction, converge as they
proceed forwards to be attached to the cornu of the os hyoides and the stylo-
hyoid ligament, and are so disposed, that part is concealed by the succeed-
ing set, whilst others overlap the preceding muscle. The lower fibres pro-
ceed forwards in the same way, to be attached to the side of the ericoid and
thyroid cartilages. The tube is thus shown to be complete posteriorly and
at the sides, being open in front, where it communicates with the nose,
mouth, and larynx. *

When the pharynx is slit open, we expose the cavities just mentioned,
and the apertures which lead into them, as well as the orifices of the Eus-
tachian tubes, (Fig. 106.)

ad
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PALATAL REGION.

The soft or pendulous palate (velum pendulum palatt) forms
a partial and movable curtain between the mouth and the pha-
rynx. Its upper border is straight, and attached to the pos-
terior margin of the palate bones; the lower presents, when
viewed from before, a curved or arched border at each side, and
in the middle a conical depending process, called the wvula.
From this, as from a common point of departure, two curved
prominent lines will be observed to extend, one at each side,
and proceed downwards and forwards, to the side of the tongue.
These correspond with the lower or free border of the palate,
and mark the limits of the cavities of the mouth and pharynx,
for they represent a narrowed or constricted line between them,
which is termed the ésthmus of the fauces. Farther back
two other curved lines project, one at each side, which also
commence at the uvula, and extend downwards and backwards
along the sides of the pharynx. They diverge from the
preceding curved lines so as to leave between them an angular
interval, in which is lodged the tomsil or amygdala. The
curved lines here described are usually called the arches of
the palate, one pair being anterior to the other, and also
more prominent.

The soft palate consists of five pairs of muscles, enclosed by
mucous membrane.

Dissection.—When the pharynx has been dissected and examined, it may

be opened by an ineision along the middle line or raphé; this will expose

the soft palate : let the uvula be drawn down so as to render it tense ; then
the small muscles of the palate are at once exhibited by detaching the mu-
cous membrane. The levatores palati are brought into view by merely
removing the mucous membrane from the posterior surface of the soft
palate ; the circumflexi will be found along the internal pterygoid plates :
their aponeuroses, which form the principal support of the soft palate, will
be seen in front by dissecting off a thick layer of glandular substance, which
is continued downwards upon it beneath the mueous membrane.

Levator palati mollis (fig. 106,").—This is a long, thin,
flat muscle, which, after passing to the interior of the pharynx
above the concave upper margin of the superior constrictor, oc-
cupies the posterior surface of the soft palate. It arises from
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the extremity of the petrous por-
tion of the temporal bone, before
the orifice of the carotid canal, and
from the cartilaginons part of the
Eustachian tube. The two mus-
cles, converging as they descend,
join one with the other at the
middle of the palate, and blend
with the other structures: at the
same time that they are placed
behind them with the exception
of the azygos uvule and some
fibres of the palato-pharyngeus.

This musecle has been deseribed by anatomists under the names (among
others) salpingo-staphylinus and petro-salpingo-staphylin, which express its
points of attachment more or less completely.

Circumflexus, or tensor palati, (pterygo-staphylinus; sphe-
no-salpingo-staphylin) (fig. 106,%) presents two portions which
differ in their direction and relations. The muscle arises broad

and thin from the small fossa (mavicularis) at the root of the.

internal pterygoid plate of the sphenoid bone, from the anterior
surface of the cartilage of the Eustachian tube, and from the
bone in immediate connexion with it. From these points it
descends perpendicularly between the internal pterygoid muscle
and the osseous lamella of the same name, and ends in a ten-
don, which winds round the -hamular process; there it inclines
inwards, and expands at the same time into a broad aponeu-
rosis, the fibres of which are inserted into the transverse ridge
on the under surface of the palate process of the palate bone,
and on reaching the middle line they unite with the aponeurosis
of the corresponding muscle of the opposite side.

Azygos uvule (Morgagni) (fig. 106,%) (palato-staphylinus—

* The pharynx having been laid open from behind, the constrictors were
turned outwards, and the mucous membrane was removed from them and
from the soft palate. The posterior nares, the tongue, and the opening into
the lnrynx are seen, together with the following musecles, viz.—1. Levator
salati mollis. 2. Circumflexus palati, 3. Azygos uvule. 4. This num-

er rests on the tongue ; it points to the palato-glossus, 5. Palato-pharyn-
geus, 6. Posterior naris of one side.

-
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Douglas) was so called from its having been supposed to be a
single muscle; but there are really two thin fascieuli, sepa-
rated by a slight cellular interval above, which usually unite
towards the lower part. Each arises from the tendinous struc-
ture of the soft palate, and, it may be, from the pointed pro-
cess (spine) of the palate plate, and, descending vertically, be-
comes blended with the other structures in the uvula.—The
muscle of the uvula lies behind the other muscles of the soft
palate.

Palato-glossus, ov constrictor isthmi fauctum (fig. 106,%).—
This small muscle inclines from the uvula forwards and out-
wards in front of the tomsil to the side of the tongue, where it
may be considered as inserted. In the soft palate some of the
fibres of this Tittle muscle are continued into that of the oppo-
site side, so that the two palato-glossi form to a certain extent
but one muscle. It is merely covered by the mucous mem-
brane, which it renders prominent, so as to form the anterior
arch of the palate.

The palato-pharyngeus (fig. 106,°) arches downwards and
backwards, so as to leave an angular interval between it and the
preceding. It commences in the soft palate, where the fibres
are separated into two unequal parts by the levator palati mol-
lis, and are partly connected with the fibrous structure of the
pulate, partly continuous with the muscle of the opposite
side. Descending behind the tonsil into the pharynx, the
palato-pharyngeus distributes some fibres in the pharynx, and
after joining with the stylo-pharyngeus is attached with it to
the thyroid cartilage. This muscle forms the posterior and
larger arch or pillar of the velum palati.

Action of the muscles in deglutition.—The mass of food having, by the
pressure of the tongue against the hard palate, been carried back to the
fauces, the palato-glossi (the constrictors of the fauces) contract behind it ;
the soft palate is raised to some extent, and made tense ; and the palato-

pharyngei approaching one another nearly touch (the uvula lying in the

small interval between them), and prevent the passage of the food towards
the upper part of the pharynx, or the posterior nares, at the same time
that they form an inclined surince for its guidance into the lower part of
the pharynx, which is raised to reecive the mass by clevator museles already
deseribed (page 286). The concurrent elevation of the larynx, and closing
down of the epiglottis over the entrance to the air-tube, have likewize been
previously noticed (page 278).
1]
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MUSCLES OF THE LACK.

The muscles placed along the posterior part of the trunk are
found to be arranged in layers, or strata, placed one over the
other, and differing materially in extent, attachments, and use,
The superficial muscles are so broad as to cover all the others :
and, as their extent is considerable, their number is proportion-
ably diminished, being only two, viz. the trapezius and latissi-
mus dorsi.  We shall here place them in the order in which we
find them in our dissections, proceeding from the tegument to
the spine and ribs. Those in each group or layer diminish in
size as they increase in number.

In the first layer are the trapezius and latissimus dorsi.

In the second, the rhomboidei and levator scapule.

In the third, the splenii and serrati postici.

In the fourth, the erector spinw, sacro-lumbales, longissimus
dorsi, cervicalis ascendens, transversalis colli, trachelo-mastoi-
deus, and complexus. :

In the fifth, the semi-spinales dorsi and colli, recti and
obliqui.

In the sixth, the inter-spinales, inter-transversales, multi-
fidus spine, levatores costarum.

Dissection—The subject being turned prone, the chest and abdomen
should be supported by blocks, and the arms allowed to hang over the sides
of the table. An incision may be made through the integument, along
the spinal column, from the occipital protuberance to the sacrum. This
should be bounded at its superior extremity by a transverse incision, car-
ried outwards to the mastoid process, and below by another extended along
the spine of the ilium. The intervening space may, in the next place, be
intersected by two lines ; one drawn from the first dorsal vertebra, over the
spine of the scapula, the other commencing at the last dorsal vertebra, and
carried horizontally outwards.

As the space here marked out is so very extensive, it may be advisable to
make an incision obliquely upwards from the last dorsal vertebra to the
spine of the scapula, which will correspond with the lower border of the
trapezius musele ; and the dissection may be commenced by raising the
angular flap of skin thus included, proceeding in the direction of the fibres
of that muscle, that is to say, from below upwards and outwards. The
other portions of integument should be successively raised, taking care to
expose accurately the tendinons fibres where they arise from the spinous
processes, us they afford a guide to the fleshy part of the musele.
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When the latissimus and trapezius have been exposed and examined in
their entire extent, which will take some time, in consequence of the quan-
tity of surface that is to be gone over, they are to be removed, in order
to bring into view the muscles that lie beneath them.

FIRST LAYER OF DORSAL MUSCLES.

The trapezius (fig. 107,") (eucullaris;* occipito-dorsi-acro-
mialis) is a flat thin trian-
gular muscle of consi- Fig. 107.%
derable extent, which is
placed immediately under
the skin along the pos-
terior part of the neck, as
well as of the back and
shoulder. If the two mus-
cles of this name be taken
together, they represent a
four-sided figure (hence
the name), two angles of
which correspond with the
points of the shoulders,
one with the oceipital
protuberance, and the
fourth with the spinous
process of the last dorsal
vertebra.

The trapezius arises,
1, from the occipital protu-
berance, and from about
a third of the curved line,
extending forwards from it; 2, in the cervical region, from a

# & Cucullaris dieitur, quod cum conjuge suo eucullos monachorum non
inepte exprimat.” Spigelius, “ De Hum. Corp. Fabr.” 1. 4, § 13.

+ The museles of the back are here displayed. On the left side the in-
teguments only were removed ; from the right; the trapezius and latissimus
dorsi were taken away. 1. Trapezius. 2. Latissimus dorsi. 3. and 4.
Rhomboidens minor and major. 5. Levator anguli scapule. 6. Serratus
posticus inferior, 7. The sacro-lumbalis covered by the vertebral aponeu-
rogis. 8. Splenius, 9. Complexus. 10. Serratus magnus, 11, Deltoid.
12. Supra-spinatus. 13. Infra-spinatus. 14. Terés minor. 15. Teres
major. 16. Long head of triceps.  17. External oblique of abdomen.
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tendinous band, ecalled ligamentum nuchz ; 3, from the spinous
process of the last cervical, and all those of the dorsal vertebre,
as well as from the supra-spinous ligament. From these dif-
ferent points of origin the fibres proceed towards their insertion
into the clavicle, the acromion process, and the spine of the
scapula, following very different directions; those from the
occiput inclining downwards and outwards, and those from the
lower part of the back upwards and outwards, the obliquity of
each set diminishing, so that those intermediate between the
two extremes become horizontal. Tle superior fibres turn for-
wards a little, and are inserted into the external third of the
clavicle ; the middle pass transversely to the upper border of
the acromion process; whilst the inferior ones ascend to reach
the upper border of the spine, to which they are attached as far
back as the triangular surface at which it commences.

Structure :—the trapezius is fleshy in the greater part of its
extent, and tendinous at its attachments. The tendinous’fibres
by which the muscle arises are rather short along the interval
from the last dorsal vertebra as high as the fourth ; there they
lengthen gradually, but opposite the fourth cervical vertebra
they again acquire about the same extent, so that in the in-
terval between these points the tendinous part is extensive, and,
if the two muscles are dissected at the same time, the tendons
of both together will be seen to have an oval or elliptic form.
Again, the muscle is attached to the occiput by fibro-cellular
membrane, which from its close connexion with the dense cel-
lular structure beneath the skin, and from its wanting the lustre
of tendon, is often inadvertently removed by the dissector. At
the insertion to the spine of the scapula, near the base of that
bone, will likewise be found a tendinous piece which receives
the lowest muscular fibres, and glides over the smooth trian-
gular surface on that part of the bone by means of a synovial
bursa.

This large muscle is covered by dense cellular membrane,
which alone separates it from the skin, so that in the living
body its outline is readily discerned when in action. It con-
ceals in part or altogether the following muscles, viz. the com-
plexus? the splenii®, levator anguli scapule®, the supra-
spinatus'®, infra-spinatus'®, the rhomboidei®, %, and the latis-
simus dorsi (a small part)®. The anterior border, which may be

s el
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said to turn forward near the clavicle, forms one of the limits of
the posterior triangular space at the side of the neck.

The trapezius is not unfrequently shorter than usual, and the mumber of
dorsal vertebree with which it is connected may be found diminished even to
six or seven. In a very muscular body Tiedemann® found the trapezius
and some other muscles (the pectoralis major and gluteus maximus) to a
certain degree doubled (an additional museular layer of some extent being
under the ordinary one).—And here it may be mentioned, that, where the
muscular development is large, added slips or portions will often be found in
connexion with several of the muscles.

Ligamentum nuche (ligamentum cervicis).—From the line
of union of the two trapezii along the neck, a band of con-
densed cellular membrane, mixed with tendinous fibres, pro-
jects forwards, so as to reach the spinous processes of the ver-
tebrae, forming a septum between the sets of muscles on each
side of the middle line. It is attached by its upper extremity
to the occipital protuberance, by the lower to the spinous pro-
cess of the seventh cervical vertebra; its posterior border is
blended with the fibres of the trapezii, whilst the anterior is
fixed to the spinous processes of the last six cervieal vertebre.
This structure is usually named as above. In the human sub-
jeet it can only be considered as a rudiment of that peculiar
elastic band which serves to sustain the weight of the head in
the lower animals.

The latissimus dorsi, (fig. 107,%) (dorsi-lumbo-sacro-hume-
ralis,) as its name implies, is of considerable extent, for it oc-
cupies the whole of the posterior part of the lumbar region, and
the lower half of the dorsal. It is flat, broad, and thin in the
greater part of its extent, but it gradually becomes contracted
into a narrow fascieulus towards its insertion into the humerus.

It arises by tendinous fibres, 1, from the spinous processes of
five or six lower dorsal vertebree, from all those of the lumbar
region and of the sacrum, and from the supra-spinous ligament :
over the sacrum the aponeurosis is blended with the tendon of
the ercctor spin®, The muscle takes origin likewise, 2, from the
external border of the crista ilii (its posterior third) ; 3, and by
fleshy digitations from the last three or four ribs, where they
are interposed between similar processes of the obliquus ex-

# ¢ Deutsehies Archiv.,” 1818.
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ternus. The tendinous fibres from the two first lines of origin
form by their intertexture, or union, a broad aponeurosis, from
which the fleshy fibres proceed, converging towards the axilla.
The fibres at the upper part are the shortest, and pass almost
horizontally outwards over the lower angle of the seapula, from
which it frequently receives a fasciculus of fleshy fibres; those
lower down become longer and incline from below upwards,
gradually increasing in the degree of their obliquity; finally,
those which are attached to the ribs ascend almost vertically.
By this convergence, the fibres form a narrow and thick fasci-
culus. This rests on the teres major'®, which it accompanies
towards the axilla, but gradually folding on itself (the fibres
from below passing under or in front of those from above, and
eventually above them) it likewise turns on that muscle, so as
to get to its anterior aspect, and is inserfed into the bicipital
groove in the humerus by means of a tendon about two or three
inches long. The flat tendon by which the latissimus dorsi is
inserted becomes united, particularly by its lower border, with
that of the teres major: it ascends higher than this muscle, and
also lies nearer to the brachial vessels.

Structure :—tendinous along its point of origin from the
spine and the ilium, apeneurotic in the lumbar region, ten-
dinous at its insertion, fleshy in the rest of its extent,—where
it lies over the ribs, the angle of the seapula, and the fold of the
axilla. '

The latissimus dorsi is covered by the trapezius at its dorsal
origin, and is subcutancous in the rest of its extent, except
where it ascends into the axilla. The anterior surface rests
on part of the rhomboidens major®, infra-spinatus®, teres
mnjur”’, the serratus posticus inferior®, and the deep lumbar
muscles ; and, between the erest of the ilium and the last rib,
its tendon is united with the fascia lumborum, and binds down
the erector spine muscle. The internal border is blended
with the fibres of the corresponding muscle, along the mid-
dle line. The superior border is free, and describes a slight
curve, whose concavity looks upwards—between it and the
margins of the trapezius and the rhomboid may in some po-
sitions of the arm be observed a small angular space in which
the intercostal muscles are not covered by other muscles ; the
anterior one, also free in the greater part of its extent, slightly
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overlaps the obliquus externus'?, below, and higher up the ser-
ratus magnus'®; on the humerus the tendon is in contact with
the axillary vessels and nerves.

The latissimus dorsi, like most other muscles of the back, varies in the
extent of connexion with the bones: thus; the number of dorsal vertebra
to which it is attached varies from four to seven or eight, and the number
of the ribs is not constant, as has been already mentioned. A museular
band iz often seen to streteh from this musele across the axilla to its anterior
part, where it terminates variously—in the tendon of the greater pectoral, or
the coraco-brachialis musele, or in the fascia,

Actions—The trapezius and latissimus dorsi direct or influence the
motion of several parts, as must be evident from the extent of their attach-
ments. If the shoulders be fixed, the ¢rapezii muscles, acting together, draw
the head directly backwards ; but, if only one of them acts, it inclines the
head to the corresponding side. If the head be fixed, the superior part of
the trapezius clevates the point of the shoulder, and sustains it in that
position, as when a burden is supported upon it ; but if the effort required
be considerable, or if it must be continued for any length of time, the co-
operation of the serratus magnus becomes indispensable. It would appear
at first sight, from a mere inspection of the fibres of this muscle, that those
in the middle part of it could draw the scapula directly backwards, and the
lower ones draw it downwards. This, however, is far from being the fact.
As the musele ig attached to the spine of the seapula and the acromion,
it will rather, in consequence of the obliquity of the direction of these
processes, communicate a certain degree of rotatory motion te the whole
bone, by means of which, when the acromion ascends, the posterior angle
descends, and the inferior one comes forward ; and, should the aeromion
be made to resume its previous position, the inferior angle will move back-
wards, the superior one upwards. The scapula, then, by the action of the
trapezius alone, cannot be made to ascend or deseend, to go backwards or
forwards, in such a way that the direction of its different parts may remain
exactly parallel, in their new situations, to those which they had previously
occupied :—this bone will, on the contrary, be found to rotate, as it were,
on a pivot driven through the centre of its dorsum. To draw the scapula
direetly backwards requires the combined effort of the trapezius and rhom-
boid museles ; for, as their fibres decussate, the direction of the one being
obliquely downwards, that of the other upwards, the bone, by their com-
bined action, is made to move in the direction of the diagonal of their
forces, that is to say, towards the spinal column,

The latissimus dorsi, when it acts on the shaft of the humerus, necessarily
draws it downwards, and gives it at the same time a rotatory motion on its
own axis, particularly if it had been previously everted, or turned outwards.
When the shoulder and arm are rendered fixed, the muscle acts in various
ways on the trunk. Thus it asgists in foreible inspiration, by drawing on
the lower ribg and eclevating them, By eonspiring with the abdominal and
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great pectoral muscles, it elevates and sustains the body in the effort of
climbing ; and, when an individual is constrained to resort to the assistance
of crutches, the latissimus and pectoralis major are the chief agents in pro-
gression.

The trapezius and latissimus dorsi, more particularly the latter, can aet
under certain eireumstances on the spine, preparatory to which the shoulder
and arm must become (at least relatively) the fixed points of their attach-
ment. When a man walks close to the margin of a raised foot-path, or of a
curb-stone, and happens to incline a little beyond it, the body becomes
curved to that side, and by its own weight would carry him over it, if a par-
ticular effort were not made to prevent such an cecurrence. For this pur-
pose the arm of the opposite gide is, as it were, instinctively thrown out
somewhat from the body, so as to render the insertion of the latissimus dorsi
into that bone its fixed point of attachment. Thus sustained, the fibres of
the muscle are enabled to aet on the spine, and, by pulling on those parts of
it which are curved, they draw them into a right line with the rest, and so
restore the equilibrium of the body.

SECOND LAYER.

Dissection.—To expose the rhomboid muscles and the levator scapula, the
trapezius must be removed. For this purpose, the fibres of the trapezius
may be detached from their connexion with the clavicle and spine of the
seapula, and reflected back to the spine. This will be found easier than the
usual plan of detaching it from the latter, both because it is there very thin,
and also because its fibres are connected with those of the rhomboid musecle,
Its dorsal portion conceals the rhomboidei, and part of the latissimus dorsi;
and the eervical, the levator scapuls, the splenius, and complexus. These
may be dissected in the course of their fibres, as the trapezius is being re-
flected back towards the middle line, where it may be separated from its
fellow of the opposite side along the cervical region, so as to expose the
lignmentum nuchs. In doing this, insert the edge of the knife under the
musele at the occiput, and draw it from above downwards, in the line of the
Spinous processes. '

The rhomboideus muscle (rhomboides ; dorso-scapularis) 1is
usually divided into two muscles, though they lic on the same
plane, are similar in structure and use, and are separated only
by a slight cellular interval. It is extended obliquely from the
spinous processes of the lower cervical and upper dorsal verte-
bree, to the base of the scapula.

The rhomboideus minor (fig. 107,%) arises from the spinous
process of the seventh cervical vertebra, and from the liga-
mentum nuchee, its fibres being also closely united with those
of the trapezius. It inclines downwards and outwards, to be
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inserted into that part of the base of the scapula which cor-
responds with the triangular surface from which the spine com-
mences.

Rhomboideus major®.—This is three or four times broader
than the other, placed in close contact, and immediately below
it. It arises from the spinous processes of the four or five upper
dorsal vertebree, and their inter-spinous ligaments, and is in-
serted into that part of the base of the scapula included be-
tween its spine and inferior angle ; some of the fibres, instead
of being fixed to the bone, end on a tendon which is connected
to the scapula above the lower angle, and, in consequence
of this arrangement, the muscle may, in part, be separated
from the bone without division of its museular or tendinous
fibres.

The rhomboideus major is covered by the trapezius in the
greater part of its extent, and towards the lower part by the
latissimus dorsi; but, when the arm is drawn away from the
side, a small portion is left uncovered by these muscles, where
they diverge at the base of the scapula. The rhomboidei rest
against the serratus posticus superior and the posterior scapular
artery with the ribs and deep muscles.

The levator anguli scapule® (trachelo-scapularis)*® is placed
along the side and posterior part of the neck, forming a long
and rather thick fasciculus of fleshy fibres. It arises from the
posterior tubercles of the first three or four cervical vertebrz,
by so many tendinous points. From these the fleshy fibres
proceed, being at first slightly separated, but soon united to
form a flat muscle, which is directed along the side of the neck
downwards and a little backwards, and is tnserted into that part
of the base of the scapula included between its spine and
superior angle.

The muscle is covered by the sterno-mastoid muscle above,
and by the trapezius below ; it rests on the splenius colli, trans-
versalis cervicis, and the posterior scapular artery.

# This muscle was known as the ® musculus patientis,” having been so
named by Spigelius for the reason which he thus expresses . —* Secundus,
seapulam u.tmﬁr.:nﬁ et leuator dictus, & me vero per jocum paticnfie musculus;
quod mgre ferentes, qua nobis aduersa aceidere, seapulam huius ope, eum
humero, patienti mmarum ingeminantes nomen, cleuemus.”—Spigelius,
¢ De h, corp. fabr.” 1. 4, § 13,
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Peculiari- The levator anguli scapul® may be found connected with but two ver-

tea: tebrie, or the number may be increased to five, A slip has been observed
to extend to it from the mastoid process of the temporal bone (Theile), and
from the second rib (Meckel). It often appears as several muscles, the
parts connected with the vertebrse remaining separate, even to the place of
insertion,

THIRD TLAYER,

Dissection.—After having examined the muscles of the second layer, they
must be removed in order to gain a view of those underneath them. For
this purpose, the rhomboidei may be detached from the base of the seapula,
and reflected backwards, which is the easier mode of attaining the end
desired, and avoids any risk of raising with them the serratus superior,
which is intimately connected with their origin. The aponeurosis of the
latissimus dorsi may be divided by an incision carried from above down-
wards, along its middle ; and, as the external half is reflected outwards, its
intimate connexion may be observed with the obliquus abdominis, along the
border of the deep lumbar museles. The other portion of the aponeurosis
may be drawn back towards the spine, by which means the serratus posticus
is left untouched. The serrati and their connecting membrane may then be
inspected.

Serr. post. Serratus posticus superior (cervici-dorso-costalis) is placed
e under cover of the thomboideus ; it is flat, and very thin. It
Origin, artses from the ligamentum nuche, the spinous process of the
last cervical, and from those of two or three upper dorsal verte-
brae, by a thin aponeurosis, which inclines downwards and out-
Insertion.  wards, and, becoming muscular, is inserted by four fleshy digi-
tations into the bodies of the second, third, fourth, and some-
times fifth ribs, a little beyond their angles. Its direction is
obliquely downwards and outwards, resting on the deep muscles
and the angles of the ribs. The aponeurosis forms a large part
Parts over  of this little muscle.—It is covered by the rhomboid and levator
andunder. - gpouli scapulie, and lies against the deeper muscles of the back.
The vertebral aponeurosis is occasionally found to be connected
with it.
Serr, post. Serratus posticus infertor (fig. 107,%) (dorsi-lumbo-costalis).
s —This is broader than the preceding muscle, from which it is
“separated by a considerable interval, as one of them corresponds
with the upper, the other with the lower ribs. It arises from
the spinous processes and inter-spinous ligaments of the last two
Greater  dorsal, and two or three upper lumbar vertebrm, by a thin

ﬂ:‘;ﬂ: aponeurosis, which forms the greater part of the musele. It




SPLENII. 299

ends in a fleshy lamella, which is énserted by four broad digita-
tions into the bodies of the last four ribs. Its direction is
oblique upwards and outwards.—The posterior surface is covered
by the latissimus dorsi, with whose tendon the aponeurotic
part is firmly united for some extent; the anterior rests on the
deep lumbar muscles. The upper margin is connected with
the vertebral aponeurosis.

Vertebral aponeurosis.—On the same plane with the serrati
is a thin, semi-transparent lamella thus named, which forms a
septum between the third and fourth layer of muscles, separating
those which belong to the shoulder and the arm from those
which support the spine and head. Its fibres are for the most
part transverse; some, however, take a contrary direction. It
is connected below with the inferior serratus, and above passes
usually beneath the superior serratus; and as the two muscles,
with their connecting aponeurosis, are stretched from the spinous
process to the angles of the ribs, they form with the vertebral
grooves a sort of angular canal, in which are lodged the long
extensor muscles.

The splenius muscle (fig. 107,°) is placed obliquely along
the posterior part of the neck, diverging from the muscle of the
opposite side, near the occiput, so that the two leave between
them an interspace, in which the muscles beneath (complexi)
come into view. The splenius is extended from the spinous
processes of the upper dorsal and lower cervical vertebra, to the
side of the base of the skull, and the transverse processes of the
superior eervical vertebree.  This separation at the superior
attachment has given occasion for the division of this muscle
into two parts; the lower being named splenius colli, the upper
splenius capitis.

The splenius colli (dorso-trachelius) arises from the spinous
processes of four dorsal vertebrz, from the third to the sixth in-
clusive : the fibres ascend, forming a flat, muscular plane, which
is inserted by separate points into the transverse processes of the
first three cervical vertebrae, close to the origin of the levator
anguli scapulze.

The splenius capilis (cervico-mastoidens) is placed above the
preceding, and is also broader and thicker than it. It arises
from the spinous processes of the first two dorsal vertebree, and
of the seventh cervical ; also from the ligamentum nuchw oppo-
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site the sixth, fifth, and fourth. From these points its fibres
proceed upwards and outwards, to be inserted into the lower
end of the mastoid process (which it embraces), to the posterior
part of the same process, and the line curving upwards and
backwards from it. Structure :—tendinous at its attachments,
fleshy in the rest of its extent.

The splenius (the cranial and cervical parts being taken
together) is covered by the trapezius, the rhomboid, and
the serratus posticus superior; by the sterno-mastoid on the
cranium. It conceals, in part, the complexus and trachelo-
mastoid.

The splenius differs, in different cases, as to the number of the vertebra
with which it is conneeted ; and the two parts into which it is considered
divisible vary in the extent to which they are really distinet one from the
other.

Actions—The levator anguli scapule conspires with the rhomboideus in one
of its more obvious actions, When the acromion process is elevated, the
posterior angle of the scapula is depressed, and the inferior one carried for-
wards; but, as soon as the more powerful museles cease to act, the levator
draws upwards the posterior angle of the bone, whilst the rhomboid carries
backwards and upwards the inferior angle, thus giving a slight rotatory motion
to the whole bone, and at the same time depressing the acromion and point
of the shoulder.—If the shoulder be fixed, the levator may incline the neck
down to the same side, just as the trapezius draws the head under the like
circumstances. If the rhomboid muscle conspires with the middle and lower
part of the trapezius, the base of the scapula will, by their joint effort, be
carried directly towards the spine,

The serrati postici, in their action on the thorax (which, from their size, is
necessarily insignificant), are antagonists, The inferior one is enabled, by
the direction of its fibres, to depress the ribs, and to assist in expiration ;
but the other elevates the ribs, into which it is inserted.—Moreover, the ser-
ratus inferior, in consequence of its connexion with the vertebral aponeuro-
sis, probably exerts some influence on the deeper muscles, by making that
membrane tense ; and the serratus superior will produce a like effeet when
it happens to be connected with the membrane.

If the splenii muscles of both sides act together, they draw the head directly
backwards, in which they eonspire with the complexus and trapezius, . When
those of one side act separately, they incline the head laterally, giving it at
the same time a slight rotatory motion. The complerus, too, by reason
of the oblique direction of its fibres, can give a certain degree of horizontal
motion to the head, but in a direetion contrary to that of the splenii, as must
be evident from the fact, that the fibres of the one ineline outwards as they
ascend, and those of the other inwards,
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FOURTH LAYER.

Dissection.—When you have sufficiently examined the muscles of the
third layer, divide the serrati and their aponeurosis in the middle, and reflect
the pieces, one inwards, the other outwards, When this is done, the sacro-
lumbalis and longissimus dorsi may be traced from below upwards, by merely
passing the handle of the sealpel along the cellular interval which separates
them. The next step is to detach the splenii at their origin, by an incision
carried from above downwards, close to the spinous processes. These
muscles diverge at their upper part, and leave between them an interval, in
which the eomplexi are seen. When the splenius has been detached from
the vertebra and reflected outwards, the transversalis cervicis and trachelo-
mastoideus can be followed along the neck, taking them as continuations of
the long dorsal museles,

Erector spine (extensor dorsi communis; sacro-spinalis ;
lumbo-costalis) (fig. 108).—Be-
neath the vertebral aponeurosis Fig. 108.%
and the serrati musecles in the
dorsal region, beneath the ten-
don of the latissimus dorsi in the
lumbar, and a layer of cervical
fascia continued under the trape-
zius in the cervical, lie the large
muscles which support the trunk
and the head in the erect position
of the body. These muscles ge-
nerally have little of the distinct
and independent arrangement
presented where the joints are
few, and the extent of move-
ment in each well defined, as in
the limbs. On the contrary,
as the number of joints in the
gpine is very considerable, as the
movement in each is indistinet,
and as many associate for every
change in the position or direc-
tion of the trunk, the points of
attachment for the muscles are

* The proper museles of the back, seen by removal of those displayed in
fig. 107, are here represented. 1. Sacro-lumbalis, 2. Cerviealis descendens,
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very numerous, and their fibres are short and incompletely-
separated ; in so much that they are more or less conjoined
one with another from end to end of the vertebral column.

The erector spina is small and pointed over the sacrum,
where little more exists than the tendon of origin, and becomes
suddenly enlarged in the lumbar region ;—and this part may be_
considered the source from which fibres spread upwards to the
bones. In the dorsal region it gradually lessens, being ex-
pended on the vertebree and the ribs, till, in the neck, no more
than a vestige of the lumbar mass remains. Finally, in this
situation there are added, as it were to support the neck and the
head in the erect position, special muscles of considerable size
(splenius and complexus), between which the slender prolonga-
tions of the erector spinz will be found.

Origin of the erector spinze.—At the lower end, where it is
not divided on the surface, and where, the connexions being
more fixed, it must be said to take origin, the mass is covered
by a broad thick tendon, the most extensive source of its mus-
cular fibres. The tendon is attached to the spines of the sa-
crum, and to some of the highest of the external row of
tubercles on that bone—blending, in the latter situation, with
the sacro-sciatic ligament, and connected with the origin of the
gluteus maximus musele ; it is likewise attached to the spines
of most of the lumbar vertebrae, and to the posterior part
of the crest of the ilium. Thus fixed, the tendon gives ori-
gin, by the entire of its deeper surface, to a large part of the
great muscular mass; and its cutaneous surface is, at the upper
part, covered by the aponeurosis of the latissimus dorsi, but at
a lower point—over the sacrum—the two tendinous structures
are united one with the other, so as to be no longer separable.
The muscular fibres, taking origin from the tendon and from
the posterior part of the crest of the ilium (directly, and through
the medium of fibrous structure in their substance), form a
single mass, to which the name ercctor spin@ might be confined.

3. Longiesimus dorsi. 4. Transversalis cervicis. 5. Trachelo-mastoid.
6. Spinalis dorsi. 7. Complexus. 8. Semi-spinalis colli. 9. Semi-spinalis
dorsi.  10. Rectus posticus major. 11. Reetus minor, 12. Obliquus infe-

rior. 13. Obliquus superior. 14. Inter-spinales. 15. Multifidus spina is
said to be indieated Lv this number. 16. Quadratus lumborum, 17.
Levatores eostarum.
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It is limited in front (towards the abdomen) by the transverse
processes of the lumbar vertebree and the layer of the lumbar
fascia connected with these processes; and divides, near the
last rib, into two parts of unequal size—one external, the other
internal and larger—which will now be separately considered.

Sacro-lumbalis (extensor dorsi externus) (fig. 108,").—The
external and smaller portion of the erector spina having ne direct
connexion with the sacrum or the lumbar vertebre—none, ex-
cept through the general tendon of origin—the name by which
it is generally known conveys an incorrect notion of its position
and connexions. Separating from the outer side of the general
mass near the last rib, this musecle ends in a series of tendons
which lie on its posterior surface, and are fixed to the ribs at
their angles. The tendons derived from the lumbar mass may
be said to be exhausted at the middle of the dorsal region (at
the sixth or seventh rib); but the muscle is reinforced by
bundles of muscular fibres, which take origin from the upper
margins of all the ribs by thin flat tendons; and, by means of
these additions, the sacro-lumbalis is continyed to the higher
ribs, as well as to the transverse processes of some of the cervi-
cal vertebrm. There is no separation between these accessory
bundles, but they are usually considered to form two muscles,
which are named ¢ accessorius™ and ¢ cervicalis descendens.”

Aecessorius ad sacro-lumbalem. —"The bundles of muscular
fibres, derived from the lower six or eight ribs, are known under
this name. They commence by flat tendons connected with
the upper margins of the ribs, and, again ending in tendons,
constitute that part of the sacro-lumbalis which is inserted into
the higher ribs.  To expose the accessorius, the lower part of
the sacro-lumbalis (beneath which it lies) must be separated
from the longissimus dorsi, and turned outwards.

Cervicalis descendens v. ascendens *.—Thus are named the
accessory slips, taking origin from four or five of the higher ribs,
and continued upwards to terminate on the transverse processes
of three or four cervical vertebrae. This part of the muscle lics
to the inner side of the tendons of the sacro-lumbalis, which ter-
minates on the highest ribs, and is recognised by this position and
its muscular appearance. In the neck it is overlapped by the
levator anguli scapulee, lying between it and the complexus. It
blends with the transversalis cervicis—an elongation from the
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muscle to be next described, and, if long enough, with the
cervical insertion of the splenius.

Some anatomists, considering the name saero-lumbalis not an appropriate
one for the muscle, have suggested substitutes, e. g. sacro-costalis : ilio-cos-
talis (Theile). But neither of these is unobjectionable ; and indeed the
points of attachment of the musele are so numerous that any name derived
from them must either be imperfect or very long.

Under the name “ Cervicalis descendens,” Diemerbroeck® described the
fibres connected with the cervieal vertebra and with all the ribs; but he
regarded them as descending from the vertebra to the ribs, and having the
opposite direction to the sacro-lumbalis, The contrary direction of its two
gets of fibres this anatomist held to account for the opposite effects ascribed
to the sacro-lumbalis muscle, namely, the alternately raising and depressing
the ribs in inspiration and expiration. (Stenonist it should be observed,
had previously given an account of the fibres on the ribs, now known as the
accessorius.) The name thus applied to all the accessory part of the sacro-
lumbalis was subsequently appropriated to the upper portion of it, which
is commonly described as extending from below upwards, and on this
account it was that Meckel suggested the alteration to cervicalis “as-

cendens.”
4

Longissimus dorsi®.—The internal larger and longer portion
of the erector spinm is attached to parts situated internally to
those which receive the sacro-lumbalis, viz. the lumbar vertebrze,
the dorsal vertebrse, and the ribs within their angles. While
the muscular mass of the lumbar region is yet undivided, its
inner part (which may be assigned to the longissimus dorsi) is
inserted into the whole length of the transverse processes of the
lumbar vertebree on their posterior aspect, including the tubercles
(processus accessorii) projecting from the processes near their
bases and the small depressions internal to them. Fibres will
likewise be foitnd inserted beyond the transverse processes to the
layer of the lumbar fascia connected with their points; and this
part, with the preceding, forms one broad insertion.

In the dorsal region, the longissimus dorsi is attached to the
extremities of the transverse processes of all the dorsal vertebre,
and to a less number (varying from seven to eleven) of the ribs
within their angles. This musele is continued upwards to the
neck and to the cranium by a slender accessory portion, which

* ¢ Anat. corp. hum.” 1. 5, c. 6. >
+ “De musculis observationum specimen” in Mangetus, < Bibliotheea
Anatom.” t. 2, p. 528,
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is described as two muscles—transversalis cervicis, and trachelo-
mastoid.

T'ransversalis cervicis*.—This slender part is placed at the
inner side of the longissimus dorsi, and arises from the ends of
the transverse processes of the highest dorsal vertebre, and occa-
sionally the last cervical, (about five altogether, but the number
and their position are very variable,) and is inserted into the trans-
verse processes of about four cervical vertebree above the last. 1t
blends with the cervicalis descendens, and still more with the
trachelo-mastoid, with which latter the fibres are in great part
continuous.

The trachelo-mastoid muscle® (part of the complexus; com-
plexus minor), the continuation of the longissimus dorsi to
the head, extends, as the name implies, from the neck to the
mastoid process of the temporal bone. Placed to the inner side
of the transversalis cervicis, and inseparable from it, except with
the aid of a knife, it arises from the last three or four cervical
vertebrae—the tendons being attached to or immediately near
the oblique processes. The narrow flat muscle, constructed
from the several small points of origin, and frequently crossed
by a tendinous intersection, is inserted into the posterior margin
of the mastoid process under the splenius and sterno-mastoid
muscles. It conceals partly the complexus and the obliqui
capitis; and, on the cranium, the occipital artery crosses imme-
diately beneath it, or, as not unfrequently happens, over it.

The spinous processes of the superior lumbar and the dorsal
vertebra, hitherto left unoccupied by the large muscles, (erector
spina and its divisions,) have connected with them a series of
tendinous fibres, which are in reality a part of the longissimus,
but are described as a distinet muscle as follows : —

Spinalis dorsi ®*.—Placed at the inner side of the longissimus
dorsi, and connected exclusively with the spinous processes,
(whence the name,) this little musele arises by tendons (three
or four in number,) from the first two lumbar and the lowest
dorsal vertebre; and the slender bundle of muscular fibres,
which springs from the tendons, ends by being connected with
the higher dorsal vertebrae, the number of attachments varying
from four to eight. The spinalis is separable from the longis-
simus dorsi only by artificial means; and it is connected with
the muscle beneath it—the semi-spinalis.
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Spinalis cerviets (inter-spinales super-numerarii,—Albinus).
In this place must be mentioned, because of the analogy with
the spinalis dorsi, a small muscle, like it exclusively connected
with the spines of the vertebrze. The fibres have seldom the same
arrangement in two bodies, and they often differ on both sides
of the same body. But it may be said that the muscle arises
by tendinous or fleshy fibres, forming from two to four heads,
from the spinous processes of the fifth and sixth cervical
vertebree, or likewise from others in the immediate neigh-
bourhood of these, including one or two dorsal, and is again
fixed by tendons into the spine of the axis, and, in some
instances, to the two vertebrze next below it. The spinalis
cervicis is connected with the semi-spinalis and the ligamentum

nucha.

This muscle is sometimes placed over the spinous processes, and hence
has been nmamed super-spinalis (Cowper). It may be reduced to a single
slip ; and not unfrequently is altogether wanting. Its absence was found to
oceur in five cases out of twenty-four,*

Complexus™ (trachelo-occipitalis) is a thick and rather broad
muscle, situated upon the posterior part of the cervieal region.
It is directed obliquely inwards from the transverse processes
towards the spines and the middle line, so that the two muscles
of this name approach one another, whereas the fibres of the sple-
nius, which covers it, have the opposite direction, and the com-
plexi, therefore, are partly seen in the interval left between the
splenii of both sides as they diverge to their connexion with the
sides of the cramium. The complexus arises by about seven
tendinous points from the posterior and upper part of the trans-
verse processes of the first three dorsal and seventh cervieal ver-
tebrze, and from the oblique or articular processes of three more
cervical (covering the joints and adhering to the ligamentous
fibres which support them). The muscular fibres are soon
aggregated into a mass, which is directed upwards and inwards
to be inserted between the two curved lines of the occipital
bone. Above its middle the muscle is partially intersected by
a transverse tendinous intersection.

— - — —

* A detailed account of a series of observations made with respect to this
muscle, by MM. Henlé and Heilenbeek, will be found in Miiller’s « Archiv.
f. Anat. Physiol.,” d&e. 1837.
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The muscle is covered by the trapezius, splenius, and the
slender muscles attached to the transverse processes of the cer-
vical vertebrz ; and is crossed by the occipital artery. It con-
ceals the semi-spinalis colli, ‘the posterior recti and obliqui ca-
pitis, together with the deep artery of the mneck and several
nerves, some of which (last) perforate it.

Biventer cervicis,—Close by the inner border of the com-
plexus, and in most cases forming a part of it, is a long fasci-
enlus, consisting of two fleshy bellies united by a tendon, and
hence named as above. The lower end presents from two to four
tendinous and fleshy points attached to as many transverse pro-
cesses of the dorsal vertebree from the fourth to the sixth or
seventh, and the upper one is inserted into the occipital bone near
the complexus. The tendon which divides this muscle is of con-
siderable length, and is usually placed opposite the last cervical
or first dorsal vertebra. And from the spines of one of the ver-
tebree now named, an accessory slip is often furnished to the
biventer at its inner side.

The name complexus being little applicable to the musele now so called,
it should be mentioned that the term originally included three muscles, viz,
the complexus (of modern writers), the biventer, and the trachelo-mastoid.

The complexus and the biventer together constitute the second of the two
prineipal muscles destined to maintain the head poised on the vertebral
column in the ereet position of the trunk; the splenius, which in a great
measure covers it, being the first, DBoth these muscles may be considered
as suecceding to the sacro-lumbalis and longissimus dorsi, and performing at
the upper extremity of the spine the funetions which the muscles just
named fulfil at its lower part. It will be observed, too, that the slender
elongations of the divisions of the crector spine are placed between the
wwo large cervieal muscles.

FIFTH LAYER.

To continue the examination of the muscles of the baek, those which have
hitherto been under observation are to be removed :(—the complexus must
be divided and turned aside (in doing this, the artery and nerves beneath it
should be noticed); the spinalis and the longissimus dorsi are to be sepa-
rated in the dorsal region ; and its large tendon being divided longitudinally
near the spinous processes of the lumbar vertebra and the sacrum, the
erector spine is to be raised from the inner side and thrown outwards.
Then there will lie f:x]mﬁ'cti the muscles which fill the grooves of the spine
from the middle of the sacrum upwards, excepting from the axis to the
oeciput, where a different arrangement prevails, to be alterwards noticed.
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The fibres will be found stretching obliquely from the transverse or the arti-
cular processes to the spines of the vertebr. In the dorsal and cervical
regions a layer of musecular and tendinous strueture (semi-spinalis) is distin-

guished from the more general one, which lies beneath it, and extends from
the sacrum to the axis (multifidus spinz).

The semi-spinalis reaches from the lower part of the dorsal
vertebra to the second cervical ; and, though there is no separa-
tion, it is described as two muscles, distinguished by their
position.

Semi-spinalis dorsi? (transversaire épineux du dos,—Wins-
low).—This thin and narrow stratum consists of a small portion
of muscular structure, interposed between tendons of considerable
length. The lower tendons are conmnected to the transverse
processes of the inferior dorsal vertebrse (from the tenth to the
fifth, inclusive), and the upper tendons to the spines of the
higher dorsal and neighbouring cervical vertebrae (four of the
former, and two of the latter).—It is covered by the spinalis
and the longissimus dorsi, and in some degree by the semi-spi-
nalis colli, and lies on the multifidus spina.

Semi-spinalts colli® (transversaire épineux du col).—Consi-
derably thicker than the preceding, this part of the semi-spinalis
takes origin from the transverse processes of usually the first five
or six dorsal vertebree, by as many tendinous and fleshy points,
and terminates in about four parts on the spines of the cervical
vertebra, from the second to the fifth inclusive. The part eon-
nected with the axis is the largest, and is chiefly muscular. This
portion of the semi-spinalis is covered by the complexus and
biventer cervicis ; it rests against the multifidus spinz, and is
firmly united with it towards the upper end.

Both the parts of the preceding muscle vary in their length, and conse-
quently in the number of vertebree with which they are connected. Their
average extent is mentioned above.

The greater thickness of the cervieal portion is dependent on the fréedom
of motion in that part of the column.

Multifidus spine'®.—This long and narrow mass of muscular,
with an admixture of tendinous fibres, occupies the vertebral
groove at the side of the spinous processes. It is fixed to
the sacrum, and to all the vertebra, except the atlas, covering
them to a considerable thickness ; some of its fibres (the deep-
est) reaching from one vertebra to the next, while others, placed
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over those, extend to a greater distance. In conformity with
the plan usually followed in the description of muscles, the origin
and insertion of the fibres of this muscle may be stated as fol-
lows.

At the lower end (where the muscle reaches to the interval
between the second and third sacral foramina, and is adherent
to the aponeurosis described in connexion with the erector spi-
ne,) the fibres may be said to arise from the higher external
tubercles of the sacrum, from the ilium, and the ligament con-
necting both these bones; in the lumbar and cervical regions
they take origin from the oblique or articular processes; and in
the dorsal region from the transverse processes. IFrom these
several points the muscular bundles ascend obliquely, to be
inserted into the lamine of the vertebrs and the spines, from
their bases nearly to their extremities. The fibres vary in
length, for those from each point of origin are fixed to several
vertebrs ; some to the nextabove, while others extend further—
from the second even to the fifth beyond. And thus they are
placed fibre over fibre, and each vertebra receives some from
different points of origin, and of different lengths, the longest
being necessarily most superficial.

Rotatores spina.—Under this name have been described® a
series of eleven small, flat, nearly square muscles, placed at
intervals on the dorsal part of the spine, under the multifidus
spine, from which they are separated by a little cellular mem-
brane. KEach arises from the upper and back part of the trans-
verse process, and is inserted into the vertebra next above, at the
inferior margin of the lamina, and on part of its surface, as far
as the root of the spinous process. The first oceurs between
the first and second dorsal vertebrsm, the last between the
eleventh and twelfth., But it not unfrequently happens that
the number is diminished, by the absence of one or more from
the upper or lower end. The bundles of muscular fibres thus
described as distinct muscles, do not appear to be distinguish-
able from the deeper part of the multifidus sping, except by the
interposition of a little eellular membrane.

The inter-spinales' are short fasciculi of fleshy fibres, placed

* Prof. Theile in Miiller's ©® Archiv, f. Anat.”' &e. 1839,
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in pairs between the spinous processes of the contignous verte-
braz—as their name implies.

They are best marked in the neck, where they are connected
one to each of the two parts into which the spinous process is
divided. Six pairs may be counted, the first being between the
second and third vertebrz, the last between the seventh and the
first dorsal.

In the dorsal division of the column only a few of the inter-
spinous muscles are met with, and these are not constant.
They will not unfrequently be found between the first and
second vertebra of this region, and occasionally between the
eleventh and twelfth. A vestige of them likewise sometimes
oceurs in the second dorsal ¢ interspinous™ space.

Four pairs of very thin layers oceur in the intervals of the
five lumbar vertebree. One will likewise be, in some instances,
found connecting the last of these vertebrm with the sacrum,
and another connecting the first with the dorsal vertebra
above it.

Slender muscular fibres have been mentioned as occasionally
found to extend over the lower part of the sacrum and coceyx,
and apart from other muscles; and the name sacro-coccygeus
posticus, or extensor coccygis, has been assigned them.® They
arise by tendinous fibres from the first piece of the coceyx, or
the last bone of the sacrum, or even at a higher point, and, reach-
ing downwards, are fixed to the lower part of the coceyx. These
have been considered a rudiment of the extensor of the caudal
vertebra of some animals.

Coinciding with the peculiar conformation of the joint formed between the
first two vertebree, and the kind of movement which belongs to it, the deep-
seated muscular structure between the axis and the occiput is found to differ
widely in arrangement from that which has been met with over the rest of
the vertebral columm, being aggregated into small muscles, which are inde-
pendent one of the other, viz. the obliqui and recti, the * circumagentes”
of some of the older anatomists.

Rectus capitis posticus major ' (axoido-occipitalis).—This
muscle extends from the spinous process of the axis to the
under surface of the base of the skull. | It arises by a tendinous

_ ¥ Giinther and Milde, “ Chirurgische Muskellchre,” quoted in * Sémmer-
ring von Baue,” &e.
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origin from the process just mentioned, and, enlarging consider-
ably as it ascends, passes over the atlas, and is inserted into the
inferior curved line of the occipital bone and beneath it. Tt
diverges from the corresponding muscle of the opposite side, so
as to be much more oblique than straight, as the name would
imply.

The rectus capitis posticus minor'' (atlo-oceipitalis) ex-
tends from the atlas to the base of the skull, being smaller
every way than the preceding. It arises from the posterior
border of the atlas, and, expanding towards the other extremity,
is Znserted into the rough surface between the inferior curved
line on the ocecipital bone and the foramen magnum. It lies
nearer to the middle line than the preceding muscle at the ocei-
put, and can therefore be seen without disturbing it.

The recti muscles take the place of the inter-spinales. The smaller pair may
be considered strictly analogous ; but the larger undergo a change in attach-
ment and direction, referrible to the movements which they are required to
effect. The latter do not remain on the atlas, for the movement of extension
belonging to other parts of the spine does not exist between the first two ver-
tebra ; and, moreover, their course upwards to the oeeiput, to which they
are fixed, being oblique, they are caleulated (besides the influence they
exert in drawing the oeciput backwards) to assist in the rotatory movements
of which the axis is the pivot.

The obliquus capitis inferior v. major'® (axo-atloideus), the
largest of these muscles, is placed obliquely between the first two
cervical vertebrse. It arises from the spinous process of the axis
in its whole length, between the origin of the rectus posticus
major and the insertion of the semi-spinalis colli, and is inserted
into the extremity of the transverse process of the atlas.

The obliquus capitis superior'* (atlo-post-mastoideus) ex-
tends from the atlas, where the preceding muscle terminates, to
the lateral and inferior part of the base of the skull. It arises
from the extremity of the transverse process of the first cervical
vertebra, inclines from thence obliquely upwards and inwards, ex-
panding somewhat as it ascends, and is fnserted, close behind the
mastoid process, into the interval between the curved lines of
the occipital bone. —The two oblique museles, with the rectus
major, form the sides of a small triangular space, in the area of
which branches of the sub-occipital nerve will be found.

Inter-transversales (Cowper), (inter-transversarii,—Albinus).
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—These little muscles oceupy the spaces between the transverse
processes of the vertebree, and are most developed in the neck,
and least so between the dorsal vertebrz.

In the cervical part of the spine there are, in each space, two
rounded bundles of muscular fibres, with tendinous filaments
intermixed, attached, one to the anterior, the other to the pos-
terior tubercle of the transverse processes—the cervical nerve,
which lies in the groove between the tubercles, separating one
muscle from the other. There are seven pairs in the neck, the
first between the atlas and axis, the last connecting the seventh
cervical to the first dorsal vertebra.

The rectus lateralis (page 281), which extends from the transverse pro-
cess of the atlas to the base of the skull (jugular process of the occipital
bone), may well be regarded as an inter-transversalis, and the rectus anticus
minor (page 281) might be considered its fellow—but displaced, as it were,
forwards, to the anterior part of the vertebra.

In the loins, the inter-transversales are four in number, one
between each pair of vertebrse. Those connected with the
lowest vertebra are attached to nearly the whole of the trans-
verse process, while those at the upper part of this division of
the spine do not exceed half the breadth of the process. The
muscles now deseribed are in single layers; but the small round
fasciculi which are stretched between the accessory processes of
the lumbar vertebree, and hence named musculi inter-accessordi,
or inter-obligui, may be looked on as rudiments of posterior
inter-transversales.

In the dorsal region narrow rounded cords are found between
the transverse processes. They are tendinous in structure,
except i the lowest three interspaces and between the last dor-
sal and first lumbar vertebre, in which they are muscular.
These fasciculi range with the inter-accessorii above described,

at the same time that they correspond with them in shape and

size.

When proceeding with the dissection of the muscles here
noticed, a series of fleshy and tendinous bundles, extended
downwards and forwards from the transverse processes of the
vertebree to the margins of the ribs — the  elevators of the
ribs "—will be exposed ; for these, see page 365.

Combined actions.—The sacro-lumbalis, longissimus dorsi, and multifidus
sping conspire in fixing the spinal column, and thereby maintaining the
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trunk erect. If they continue their effort, the body will be drawn somewhat
backwards, as may be observed when a considerable weight is suspended
from the neck, or in persons who have become excessively fat. In both
these cases, the extensor muscles are required to make inereased efforts
to counterpoise the influence of the weight appended to the fore part of
the body.

As these muscles have to sustain the trunk in the sitting as well as
in the standing posture, it might be supposed that they scarcely admitted
of any relaxation, and therefore are kept almost constantly in action. But
it does not appear necessary, except in making great efforts, that all of them
should be in action at the same moment, and even the different parts of the
same muscle must, in most cases, act successively. Thus the lower fibres
of the multifidus spinm pass from the sacrum to the lumbar spines, and
materially assist the quadratus lamborum and other museles in fixing the
lumbar vertebrse. These, or rather their transverse processes, become the
fixed points from which the succeeding parts of the multifidus act on the
spines throughout the entire length of the eolumn, so that a succession of
efforts is propagated from below upwards by a sort of vermicular motion.
When, by such an arrangement, the action of one set of fibres succeeds that
of another, each will have its alternations of contraction and relaxation, as
well as the fibres of those museles in which the change is more pereeptible.
The sacro-lumbalis ean draw down the lower ribs ; and if the effort be con-
tinued, this influence must speedily be propagated to the spinal eolumn,
which is thus bent towards the side by means of the intimate connexion be-
tween the heads of the ribs and the vertebree. The longissimus dorsi con-
spires to produce the same effect.

The spine admits, to a certain extent, of a rotatory movement. Thus the
head may be carried round by a horizontal motion, until the chin comes
nearly on a line with the point of the shoulder, after which the spine may be
made to turn on its own axis, until the face shall have completed almost a
semi-circle from the point at which its first movement began. The latter
movement is effected by that peculiar action of the multifidus spinze above
alluded to ; but it is the muscle of the opposite side from that towards which
the movement takes place that produces the rotation, assisted by the obli-
quus externus abdominis.

The influence of the sacro-lumbalis, in depressing the lower ribs, must be
evident from its mode of attachment to them. But its accessory muscle
(cervicalis descendens), by taking its fixed point at the cervieal vertebr, is
enabled to draw up, and therefore elevate, the ribs into which it is inserted.

MUSCLES OF THE UFPPER EXTREMITY.

The muscles of the upper extremity, taken in the order of
their situation, may be divided into four groups, viz. those
placed on the shoulder, on the arm, on the fore-arm, and
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on the hand.  We must, however, commence the description
of the moving powers of the limb with that of the two pectoral
muscles and the serratus magnus.

Dissection of the upper arm.—The subject being laid on its back, and the
arm drawn away from the side, an incision may be made through the skin,
commencing at the middle of the clavicle, and extending down to the centre
of the axilla. From this another line may be drawn, downwards and in-
wards, along the lower border of the pectoralis major. The angular flap
thus included should then be raised from off the muscle just named, its
dissection being conducted from without inwards to the fore part of the
sternum, o0 as to expose the muscle. It may be necessary to make an-
other incision through the skin, along the claviele, to the sternum, from
the point above indicated. The external flap of the skin may then be
dissected off the remainder of the pectoral musele, and part of the del-
toid. When the external swrface of the pectoralis major has been exa-
mined, it may be detached easily by drawing forwards its lower border,
and inserting the scalpel between it and the costal cartilages, and cutting
through its attachments to them, as well as to the sternum and claviele,
successively. The muscle may then be drawn outwards, and the fold in
its tendon examined. The pectoralis minor is thus exposed, and the ax-
illary vessels partly. The costal attachment of this musele may be sepa-
rated in the same way as the other. The axillary vessels are by these
measures brought fully into view, little else remaining to be done than
to remove the cellular tissue in which they are imbedded. For the Ax-
illary Artery,—the Vein, and the Plexus of Nerves, sce the account of
those structures.

When commencing the dissection of the arm, an ineision may be made
from the middle of the interval between the folds of the axilla, and thence
drawn down to the middle of the space between the condyles of the humerus,
This indicates the course of the brachial artery. It should barely divide
the skin, eare being taken not to injure the fascia beneath it. It will be
found convenient to bound it below by a transverse ineision ; after which,
the skin may be cautiously raised from the faseia all round the arm. In
order to expose the deltoid, it will be necessary to make an incision through
the integument, commencing at the external third of the claviele, and
extended along the acromion and spine of the scapula ; after which, it may
be dissected off the muscle, proceeding from above downwards and outwards,
until the whole flap of skin is removed. When the musele has been exa-
mined, it may be easily detached from its origin, and reflected down on the
arm, by inserting the scalpel under its posterior border, and cutting from
within outwards, close along the margin of the spine of the seapula, and so
successively along the acromion and claviele. This will expose the circum-
flex vessels and the external rotator museles.

The fascia of the arm may in the next place be divided, and reflected in
the same way s the integument, In doing so, care should be taken not to

e
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injure the internal cutaneous nerve, As the fascin is being reflected, the
biceps muscle and the brachial artery and the nerves, except the circumflex
and spiral, are brought, into view. Their relative position, particularly at
the bend of the arm, should be attentively considered. If the arm be rota-
ted outward, the direction of the spiral nerve and profunda artery can easily
be traced, for some way, between the heads of the triceps musele. At the
outer side of the arm, the nerve will be found in the deep suleus between the
brachialis anticus and supinator longus, after it has made its turn behind the
humerus. The external cutaneous nerve also has to reach the external side
of the arm, but it runs in front of the humerus, piercing the coraco-brachialis
muscle, and then lying between the biceps and brachialis anticus. The ex-
amination of the triceps had better be conducted from below upwards, and,
when its three heads have been carefully traced ont, a longitudinal ineision
may be made through the substance of the muscle ; after which, when the
two parts are drawn back, the manner in which the fleshy fibres proceed to
the bone, from its tendon or aponeurosis, will be distinetly scen.

THORACIC REGION (ANTERIOR).

The pectoralis major (fig. 109,") (pectoralis ; sterno-costo-
clavi-humeralis) is placed on the anterior and upper part of the
thorax, and in front of the axilla. It is broad and expanded at
the former situation, narrowing gradually towards the latter, and
artses from the sternal half, or a little more, of the clavicle,
from the anterior surface of the sternum, extending as far down
as the insertion of the cartilage of the sixth rib, from the
cartilages of the true ribs, except the first and last, and from
the aponeurosis of the external oblique muscle. From this ex-
tensive origin the fleshy fibres proceed, converging towards the
tendon of insertion ; those from the elavicle, which are usually
separated from the rest by a cellular interval, pass downwards
and outwards ; those from the lower cartilages obliquely out-
wards; the middle set horizontally, The muscular fibres be-
come continuous with those of the tendon, and still retain their
original direction as they proceed to their respective points of
insertion into the humerus ; and as the superior fibres descend,
whilst the inferior ones ascend, the latter passing behind the
former, the muscle is folded, the middle of the fold being
along its axillary border. The muscular fibres end in a tendon
which is folded on itself, like the muscle, and is fixed into
the anterior margin of the bicipital groove of the humerus;
an extension from it, at the same time, continuing across the
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groove, and in contact with the bone, to blend with the tendon
of the latissimus dorsi, The tendon is likewise connected at

Fig. 109, *

its insertion with that of the deltoid muscle, and an expan-

sion from it joins the fascia of the arm. i
Structure :—The muscle is aponeurotic at its internal and

external attachments, and fleshy in the rest of its extent.

Parts The aponeurotic fibres of this muscle decussate with those of
adjoining

* From the right side the integuments m]]{ were removed ; from the left,
the greater pectoral musele and the external oblique, with the anterior part of
the sheath of the rectus abdominis, were taken away. 1. Greater peetoral
musecle. 2. The smaller pectoral. 3. Subelavius. 4. Serratus magnus.
5. Deltoid. 6. Coraco-brachialis. 7. A part of the biceps. 8. Latissimus
dorsi, 8. External oblique of abdomen. 10. The external abdominal ring.
11. Poupart’s lignment. 12. Linea alba. 13. Aponeurosis of the external
oblique. 14. Internal oblique. 15. Cremasteric fibres on the spermatic
cord. 16. Rectus abdominis. 17, Pyramidalis,




PECTORALIS MINOR. 317

the corresponding muscle in front of the sternum; the inferior
border overlaps the serratus magnus, and the superior runs pa-
rallel with that of the deltoid muscle, from which it is only
separated by the cephalic vein and a small artery. The anterior
surface is subcutaneous in the greater part of its extent, being
only covered by some of the fibres of the platysma myoides,
and by the mamma. The posterior surface, besides the ster-
num, clavicle, and ribs, covers the pectoralis minor, subclavius,
and serratus magnus muscles, as well as the axillary vessels and
nerves. The lower border of this muscle is at first separated
from that of the latissimus dorsi by a considerable interval, in
which may be observed the fibres of the serratus magnus; but

they gradually converge towards the axilla, forming its folds or
borders.

The interval on the sternum between the museular parts of the right and
left pectoral muscles varies in different cases ; in some bodies which afford
examples of large muscular development, they are separated only by a
narrow groove, One or two museular slips, taking rise from the aponeurosis
of the external oblique musele, are occasionally added to the lower margin of
the pectoral muscle ; and, on the contrary, a deficiency may be met with in
the same situation. This was, in one case, found to be so extensive as to
amount to the absence of all except the clavicular part of the muscle.®

Pectoralis minor (fig. 109,%,) (serratus anticus,—Alb. ; costo-
coracoideus).—The smaller pectoral muscle lies at the superior
part of the thorax, covered by the preceding muscle, and ex-
tended obliquely across the axilla. It arises from the upper
margin or the upper margin and external surface of three
ribs, usually the third, fourth, and fifth, near their cartilages ;
the origin being notched or serrated, so that by some of the
older anatomists the muscle was named from that circumstance.
The fleshy fibres, as they proceed obliquely upwards and
outwards, converge to a narrow tendon, which is ¢nserted into
the inner and upper border of the coracoid process near its
extremity, and is joined to the coraco-brachialis and the biceps
muscle, which are likewise attached to the same process.—The
anterior surface is covered by the pectoralis major, the posterior
crosses the axillary vessels and nerves.

The subclavius muscle (fig. 109,%) (costo-clavicularis) is,

e = -

* Sce the work on Arteries before cited, page 233
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as the name implies, placed under the clavicle, in the interval
between it and the first rib. It arises by a short thick tendon
from the cartilage of the first rib, close to the rhomboid liga-
ment, from which it is directed outwards beneath the elavicle,
forming a rounded fleshy fasciculus, which is #nserted into the
grooved and rough surface, along the costal aspect of the cla-
vicle, for nearly half its length.—The upper surface is covered
by the clavicle, a small part beneath it being overlapped by
the pectoralis major, but which is at first not perceptible, until
a dense faseia that covers it is dissected off; the costal surface
lies in front of the subclavian vessels as they pass down from
the neck.

THORACIC REGION (LATERAL).

The serratus magnus (figs. 107,'* 109,*) (costo-basi-scapu-
laris) is placed upon the upper and lateral parts of the thorax, be-
tween the ribs and the scapula, being deeply seated in the greater
part of its extent. It is broad, thin, and irregularly four-sided
(trapezoid) in form. The anterior border presents nine fleshy
points or digitations, giving it a serrated appearance, whence
its name is faken. By these digitations at its points of attach-
ment the muscle arises from the surface of the first eight ribs
(two of the processes being connected with the second rib);
and opposite the first as well as a few other intercostal spaces,
fibres are derived from slender tendinous structures over the
external intercostal muscles. I'rom this extensive origin, the
fibres of the muscle, forming a thin stratum and curving as they
proceed backwards over the convexity of the ribs, are inserted
into the base of the scapula on its inner or costal aspect, being
interposed between the subsecapularis on the one side and the
rhomboidei and levator anguli scapula on the other.

To receive insertions on an extent of surface so much less
than that from which they arise, the fibres converge; but as
their convergence is not uniform, and the fibres are differently
arranged at the upper, middle, and lower ends, three parts
of the muscle are recognized as follows. a. The fibres from
the first and second digitations form a narrow and thick band
which terminates on the inner surface of the seapula immedi-
ately below the upper angle. 4. Those of the third and fourth
digitations spread out into a thin layer (the thinnest part of the
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muscle), which occupies the seapula from the preceding part
nearly to the lower angle of the bone.—Much the larger portion
of this, the middle division of the muscle, is formed by the
third digitation, which expands into a triangular form. ¢. From
the five remaining digitations (which are received into notches
in the external oblique musele of the abdomen), the muscular
structure converges to a thick and partly tendinous mass, and is
inserted close to the lower angle of the scapula on its inner surface.

The fibres of the first part of the muscle coalesce from their
origin, but the rest remain more distinct, being separated by
linear depressions until they approach the scapula; and they
have, therefore, a more fasciculated appearance.

One surface of the serratus magnus rests on the superior
ribs, the intercostal muscles, and part of the serratus posticus
superior ; the other is subcutaneous in the angular interval
between the pectoralis and latissimus dorsi; higher up it is
covered by both the pectoral muscles; in the rest of its extent
it is in relation with the subscapular muscle and the axillary
vessels.

Not unfrequently the number of digitations, and the number of the ribs
with which the muscle is connected, are augmented by one or two; and
oceasionally the attachment to the first rib is wanting. Examples are
recorded of the absence of the thin middle part of the muscle, and some
other peculiarities of minor importance, e, g. the presence of additional
muscular bands have been noticed.

Combined actions.—The most obvious actions of these muscles are exerted
upon the shoulder and arm, as being their more movable points of attach-
ment. The pectoralis major, conjointly with the latissimus dorsi and teres
major, depresses the humerus, if it has been previously elevated; it then
conspires with them in pressing the arm closely to the side, and, continuing
the same effort, will by itself trail it along the side and front of the chest.
The pectoralis minor draws the point of the shoulder downwards and in-
wards to the thorax. If the arms be fixed, these muscles act on the ribs
and assist in dilating the chest. This is frequently observed during the
forcible efforts at inspiration made by asthmatic persons; the arms are
rendered fixed, by seizing hold of some objeet, and then every museular
effort is called into play which ean elevate the ribs.

When the scapula is rendered fixed by the trapezius and rhomboid
muscles, the serratus acts on the chest in the same way as the pectoral
museles do; but its most ordinary action is to draw the base and inferior
angle of the seapula forwards, so as to elevate the point of the shoulder by
means of the rotatory motion it can impress upon it conjointly with the
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trapezius, as has been cobserved when treating of the latter musele. The
continuation of the same effort retains the shoulder elevated, as when a
burden is sustained upon it; but, as a preparatory measure, the thorax must
be fixed. Whilst any important muscular exertion is being performed, the
thorax must be fixed, and retained so by preventing the escape of the in-
cluded air. This may be inferred from observation on what takes place under
such cireumstances, but was reduced to the test of experiment by M. Bour-
don.* He opened the trachea, or larynx, of a dog that had been in the
habit of jumping and tumbling when bidden; after which, the animal was
no longer able to make any similar efforts, though evidently willing to do so.
But when the aperture was closed, by drawing the margins of the wound
together, the lost power was instantly restored,

ACROMIAL REGION.

The deltoid muscle (fig. 109,%) (deltoides; sub-acromio-
humeralis) is situated at the superior and external part of the
arm, covering the shoulder-joint over which it is curved,—being
placed at the same time in front and beh