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PREFACE.

IN preparing a Second Edition of my “ DESCRIPTIVE AND SURGICAL
ANATomy,” I trust that I have corrected any inaccuracies contained in
the previous one; every page has been carefully revised; much addi-
tional matter has been added to the text; and several new Illustrations,
executed with great care and fidelity by Dr. Westmacott, have been

inserted.
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PREFACE TO THE FIRST EDITION.

THIS work is intended to furnish the Student and Practitioner with an accurate
view of the Anatomy of the Human Body, and more especially the application
of this science to Practical Surgery.

One of the chief objects of the Author has been, to induce the Student to apply
his anatomical knowledge to the more practical points in Surgery, by introducing,
in small type, under each subdivision of the work, such observations as show the
necessity of an accurate knowledge of the part under examination.

Osteology. Much time and care have been devoted to this part of the work, the
basis of anatomical knowledge. It contains a concise description of the anatomy
of the bones, illustrated by numerous accurately-lettered engravings, showing the
various markings and processes on each bone. The attachments of each muscle
are shown in dotted lines (after the plan recently adopted by Mr. Holden), copied
from recent dissections. The articulations of each bone are shown on a new
plan; and a method has been adopted, by which the hitherto complicated account
of the development of the bones is made more simple.

The Articulations. In this section, the various structures forming the joints are
described; a classification of the joints is given; and the anatomy of each carefully
described: abundantly illustrated by engravings, all of which are taken from, or
corrected by, recent dissections.

The Muscles and Fosciee. In this section, the muscles are described in groups,
as in ordinary anatomical works. A series of illustrations, showing the lines of
incision necessary in the dissection of the muscles in each region, are introduced,
and the muscles are shown in fifty-eight engravings. The Surgical Anatomy of
the muscles in connection with fractures, of the tendons or muscles divided in
operations, is also described and illustrated.

The Arteries. The course, relations, and Surgical Anatomy of each artery are
described in this section, together with the anatomy of the regions ¢ontaining the
arteries more especially involved in surgical operations. This part of the work

is illustrated by twenty-eight engravings.
(vil)



viii PREFACE.

The Veins are described as in ordinary anatomical works; and illustrated by a

series of engravings, showing those in each region. The veins of the spine are

described and illustrated from the well-known work of Breschet.

The Lymphatics are described, and figured in a series of illustrations copied
from the elaborate work of Mascagni.

The Nervous System and Organs of Sense. A concise and accurate description of
this important part of anatomy has been given, illustrated by sixty-six engravings,
showing the spinal cord and its membranes; the anatomy of the brain, in a series
of sectional views; the origin, course, and distribution of the cranial, spinal, and
sympathetic nerves; and the anatomy of the oréans of sense.

The Viscera. A detailed description of this essential part of anatomy has been
given, illustrated by fifty-five large, accurately-lettered engravings.

Regional Anatomy. The anatomy of the perineum, of the ischio-rectal region,
and of femoral and inguinal hernia, is described at the end of the work; the
region of the neck, the axilla, the bend of the elbow, Scarpa’s triangle, and the
popliteal space, in the section on the arteries; the laryngo-tracheal region, with
the anatomy of the trachea and larynx. The regions are illustrated by many
engravings.

Microscopical Anatomy. A brief account of the microscopical anatomy of some
of the tissues, and of the various organs, has also beéen introduced.

The Author gratefully acknowledges the great services he has derived in the
execution of this work, from the assistance of his friend, Dr. H. V Carter, late
Demonstrator of Anatomy at St. George’s Hospital. All the drawings from which
the engravings were made, were executed by him. In the majority of cases, they
have been copied from, or corrected by, recent dissections made jointly by the
Author and Dr. Carter.

The Author has also to thank his friend, Mr. T. Holmes, for the able assistance
afforded him in correcting the proof-sheets in their passage through the press.

The engravings have been executed by Messrs. Butterworth and Heath; and
the Author cannot omit thanking these gentlemen for the great care and fidelity
displayed in their execution.

‘WiLToN-STREET, BELGRAVE-SQUARE,
August, 1858,
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ANATOMY,

DESCRIPTIVE AND SURGICAL.

Osteology

I the construction of the human body, it would appear essential, in the first
place, to provide some dense and solid texture capable of forming a framework
for the support and attachment of the softer parts of the frame, and of forming
cavities for the protection of the more important vital organs; and such a
structure we find provided in the various bones, which form what is called the
Skeleton (sxénne, to dry up).

Structure and Physical Properties of Bone. Bone is one of the hardest structures
of the animal body; it possesses also a céertain degree of toughness and elasticity.
Its color, in a fresh state, is of a pinkish-white externally, and deep red within.
On examining a section of any bone, it is seen to be composed of two kinds
of tissue, one of which is dense and compact in texture, like ivory; the other
consisting of slender fibres and lamells, which join to form a reticular structure;
this, from its resemblance to lattice-work, is called cancellated. The compact
tissue is always placed on the exterior of a bone; the cancellous tissue is always
internal. The relative quantity of these two kinds of tissue varies in different
bones, and in different parts of the same bone, as strength or lightness is requisite.
Close examination of the compact tissue shows it to be extremely porous, so that
the difference in structure between it and the cancellous tissue depends merely
upon the different amount of solid matter, and the size and number of the spaces
in each; in the compact tissue the cavities being small, and the solid matter
between them abundant, whilst in the cancellous tissue the spaces are large, and
the solid matter diminished in quantity.

Chemical Analysis. Bone consists of an organic or animal, and an fnorganic
or earthy material, intimately combined together: the animal matter giving to
bone its elasticity and toughness, the earthy part its hardness and solidity. The
animal constituent may be separated from the earthy by steeping bone in a dilute
solution of nitric or muriatic acid: by this process the earthy constituents are
gradually dissolved out, leaving a tough semi-transparent substance, which retains,
in every respect, the original form of the bone. This is often called cartilage,
but differs from it in being softer, more flexible, and, when boiled under a high
pressure, it is almost entirely resolved into gelatine. Cartilage does, however,
form the animal basis of bone in certain parts of the skeleton. Thus, according
to Tomes and De Morgan, it occurs in the petrous part of the temporal bone; and,
according to Dr. Sharpey, on the articular ends of adult bones, lying underneath
the natural cartilage of the joint. The earthy constituent may be obtained by
subjecting a bone to strong heat in an open fire with free access of air. By these
means the animal matter is entirely consumed, the earthy part remaining as a
white brittle substance still preserving the original shape of the bone. Both
constituents present the singular property of remaining unaltered in chemical
composition after a lapse of centuries.

3
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The organic constituent of bone forms about one-third, or 83.3 per cent.; the
inorganic matter, two-thirds, or 66.7 per cent.: as is seen in the subjoined analysis
by Berzelius:—

Organic Maiter, Gelatine and Bloodvessels 33.30
Phosphate of Lime 5 51.04

Inorganic Carbonate of Lime . 11.50
or Fluoride of Calcium 2.00
Farthy Matter, | Phosphate of Magnesia . 1.16
Soda and Chloride of Sodium 1.20

100.00

Some chemists add to this about one per cent. of fat.

The relative proportions of the two constituents of bone are found to differ in
different bones of the skeleton, as shown by Dr. Owen Rees. Thus, the bones of
the head, and the long bones of the extremities, contain more earthy matter than
those of the trunk; and those of the upper extremity somewhat more than the
corresponding bones of the lower extremity. The humerus contains more earthy
matter than the bones of the forearm; and the femur more than the tibia and
fibula. The vertebrs, ribs, and clavicle contain nearly the same proportion of
earthy matter. The metacarpal and metatarsal bones contain about the same
proportion as those of the trunk.

Much difference exists in the analyses given by chemists as to the proportion
between the two constituents of bone at different periods of lfe. According to
Schreger, and others, there is considerable increase in the earthy constituents of
the bones with advancing years. Dr. Rees states that this is especially marked
in the long bones, and the bones of the head, which, in the foetus, do not contain
the excess of earthy matter found in those of the adult. But the bones of the
trunk in the foetus, according to this analyst, contain as much earthy matter as
those of the adult. On the other hand, the analyses of Stark and Von Bibra
show that the proportions of animal and earthy matter are almost precisely the
same at different periods of life. According to the analyses of Von Bibra,
Valentin, and Dr. Rees, the compact substance contains more earthy matter than
the cancellous. The comparative analysis of the same bones in both sexes shows
no essential difference between them.

There are facts of some practical interest, bearing upon the difference which
seems to exist in the amount of the two constituents of bone at different periods
of life. Thus, in the child, where the animal matter predominates, it is not
uncommon-to find, after an injury to the bones, that they become bent or only
partially broken, from the large amount of flexible animal matter which they
contain. Again, also in aged people, where the bones contain a large proportion
of earthy matter, the animal matter at the same time being deficient in quantity
and quality, the bones are more brittle, their elasticity is destroyed, and, hence,
fracture takes place more readily. Some of the diseases, also, to which bones
are liable, mainly depend on the disproportion between the two constituents of
bone. Thus, in the disease called rickets, so common in the children of serofulous
parents, the bones become bent and curved, either from the superincumbent
weight of the body, or under the action of certain muscles. This depends upon
some deficiency of the nutritive system, by which bone becomes minus its normal
proportion of earthy matter, whilst the animal matter is of unhealthy quality.
In the vertebra of a rickety subject, Dr. Bostock found in 100 parts 79.75 animal,
and 20.25 earthy matter.

Form of Bones. The various mechanical purposes for which bones are employed
in the animal economy require them to be of very different forms. All the scien-
tific principles of Architecture and Dynamics are more or less exemplified in the
construction of this part of the human body. The power of the arch in resisting
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superincumbent pressure is well exhibited in various parts of the skeleton, such
as the human foot, and more especially in the vaulted roof of the cranium.

Bones are divisible into four classes: Long, Short, Flat, and Irreqular.

The Long Bones are found chiefly in the limbs, where' they form a system of
levers, which have to sustain the weight of the trunk, and to confer extensive
powers of locomotion. A long bone consists of a lengthened: cylinder or shaft,
and two extremities. The shaf? is a hollow cylinder, the walls consisting of dense
compact tissue of great thickness in the middle, and becoming thinner towards the
extremities; the spongy tissue is scanty, and the bone is hollowed out in its interior
to form the medullary canal. The extremities are generally somewhat expanded
for greater convenience of mutual connection, for the purposes of articulation, and
to afford a broad surface for muscular attachment. Here the bone is made up of
spongy tissue with only a thin coating of compact substance. The long bones are,
the clavicle, humerus, radius, ulna, femur, tibia, fibula, metacarpal and metatarsal
bones, and the phalanges. '

Short Bones. W here a part is intended for strength and compactness, and the
motion at the same time slight and limited, it is divided into a number of small
pieces united together by ligaments, and the separate bones are short and com-
pressed, such as the bones of the carpus and tarsus. These bones, in their struc-
ture, are spongy throughout, excepting at their surface, where there is a thin crust
of compact substance.

Flat Bones. W here the principal requirement is either extensive protection, or
the provision of broad surfaces for muscular attachment, we find the osseous struc-
ture remarkable for its slight thickness, becoming expanded into broad flat plates,
as i8 Seen in the bones of the skull and shoulder-blade. These bones are composed
of two thin layers of compact tissue, inclosing between them a variable quantity
of cancellous tissue. In the cranial bones, these layers of compact tissue are
familiarly known as the tables of the skull; the outer one is thick and tough, the
inner one thinner, denser, and more brittle, and hence termed the witreous table.
The intervening cancellous tissue is called the diploé. The flat bones are, the
occrpital, parietal, frontal, nasal, lachrymal, vomer, scapulee, ossa tnnomainata, sternum,
and 7rubs.

The Irregular or Mixed bpnes are such as, from their peculiar form, cannot be
grouped under either of the preceding heads. Their structure is similar to that of
other bones, consisting of a layer of compact tissue externally, and of spongy
cancellous tissue within. The irregular bones are, the wvertebre, sacrum, coccyz,
temporal, sphenoid, ethmoid, superior maxillary, inferior maxillary, palate, inferior
turbinated, and hyoid.

Surfaces of Bones. If the surface of any bone is examined, certain eminences
and depressions are seen, to which descriptive anatomists have given the following
names.

A prominent process projecting from the surface of a bone, which it has never
been separate from, or movable upon, is termed an apophysis (from dnépvos, an
excrescence); but if such process is developed as a separate piece from the rest of
the bone to which it is afterwards joined, it is termed an epiphysis (from inipvocs,
an aceretion).

These eminences and depressions are of two kinds: articular and non-articular.
Well-marked examples of articular eminences are found in the heads of the
humerus and femur; and of articular depressions, in the glenoid cavity of
the scapula, and the acetabulum. Non-articular eminences are designated
according to their form. Thus, a broad, rough, uneven elevation is called a
tuberosity ; a small, rough prominence, a fubercle; a sharp, slender, pointed
eminence, @ spine; a narrow,rough elevation, running some way along the surface,
a ridge, or lLine.

The non-articular depressions are also of very variable form, and are described
as fosse, grooves, furrows, fissures, notches, etc. These non-articular eminences
and depressions serve to increase the extent of surface for the attachment of liga-
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ments and muscles, and are usually well marked in proportion to the muscularity
of the subject.

Microscopic Structure. If a thin transverse section from the shaft of a long
bone be examined with a power of about 20 diameters, a number of aper-
tures, surrounded by a series of concentric rings, are observed, with small, dark
spots grouped around them, also in a concentric manner. The apertures are
sections of the Hawversian canals (so called after their discoverer, Clopton Havers);
the concentric rings are sections of the lamellz, which are developed around the
Haversian canals; the dark spots are small cavities in the substance of the bone,
called lacunee.

The Haversian canals are channelled out of the compact substance for the pur-
pose of conveying bloodvessels for its nutrition. They vary in size from the
355 10 the 5455 of an inch in diameter, the average size being about z35. They
are generally round or oval, sometimes angular. Those nearest to the outer sur-
face, where the bone is most compact, are very small; but, towards the medullary
canal, they gradually acquire a'larger size, and open into it, or into the cells of the-
cancellous tissue. The Haversian canals are lined by a delicate membrane con-
tinuous with the periosteum; the smallest canals contain a single capillary vessel;
those larger in size contain a network of vessels; whilst the largest contain blood-
vessels and marrow. If a thin longitudinal section of the shaft of a long bone be
examined, the Haversian canals will be found to run in the long axis of the bone,
and parallel with each other, communicating freely by transverse or oblique canals,
so as to form, for the most part, rectangular meshes. Some of these canals open
on the outer surface, to admit bloodvessels from the periosteum; others communi-
cate with the medullary canal, receiving bloodvessels from the interior of this part.
By this means, the Haversian canals establish a free communication between the
bloodvessels of the periosteum, and those of the medullary membrane.

If a higher power is now applied to the same transverse section, each Haversian
canal appears surrounded by a series of concentric rings, varying in number from
eight to fifteen; these rings are termed the lamelle, and their appearance is pro-
duced by transverse sections of concentric layers of bone that have been developed
around the Haversian canal, the last formed layer being deposited on that surface
next to the bloodvessel. This concentric arrangement is not complete around all
the canals; for here and there one set of lamellse may be seen ending between two
adjacent ones. Besides the lamelle surrounding the Haversian canals, some are
disposed parallel with the outer and inner surfaces of the bone; these are termed
circumferential lamelle, and may be considered as concentric with the medullary
canal. Others, again, penetrate between the Haversian systems; these are termed
tnierstitial lamellee. Hach Haversian canal, together with its concentric lamellse
of bone, lacunz, etc,, is called an Haversian system, the bloodvessel contained in
the central canal being the source of nutrition to the lamellee which surround it.
Nearly the whole of the compact tissue is made up of these Haversian systems,
each one being, to a certain extent, independent of the rest. In a longitudinal
section, the lamellee are seen running in lines parallel with the Haversian canal
which they surround, except when the section passes transversely or obliquely
across a canal, in which case an appearance is seen, somewhat similar to that
observed in a transverse section. This lamellated structure may be easily demon-
strated on a piece of bone softened in dilute acid, when the lamellee may be peeled
from the surface of the bone in a longitudinal direction. According to Dr. Sharpey,
the lamellee, in structure, consist of fine transparent fibres decussating each other,
80 as to form a delicate network, the fibres apparently coalescing at their point
of junction. The lamell® are perforated, in certain situations, by bundles of
fibres which penetrate them in a more or less oblique direction, serving to securely
approximate the several plates. The lamelle are also perforated by numerous
minute apertures placed at regular distances apart, which are, probably, transverse
sections of the canaliculi. In this fibrous basis of the lamells, the inorganic
elements of bone are intimately united.
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A transverse section of compact bone sometimes exhibits certain vacuities or
spaces, termed, by Messrs. Tomes and De Morgan, Haversian spaces. These
spaces are found at all periods of life, but especially in young and growing bones.
They are characterized by an irregular or jagged outline, and are apparently
produced by the absorption of parts of several Haversian systems, which have
been, to a greater or less extent, removed in order to form them. These spaces
may exist in various conditions: in some, the process of absorption is evidently
going on; in others, the spaces are lined by newly-formed lamellse which fill
up the penpheral portion of the space; in others, the lamellee fill in the whole
of the space, leaving a Haversian canal in the centre. It would thus appear,
that portions of the Haversian systems are, from time to time, removed by
absorption, and a new system of lamellee re-formed in place of those previously
existing. Sometimes, these spaces may be seen filled in, at one part, by the
deposition of lamellse; while, at another part, they are extending themselves by
absorption.

We have already said, that the dark spots seen in and between the lamellsw,
arranged in concentric circles around the Haversian canals, are the lacune.
They are minute cavities existing in the osseous substance, having numerous fine
tubes called canaliculy issuing from all parts of their circumference. In fresh
bones, each lacuna contains a delicate cell, with pellucid contents, and a single
nucleus; and from the cell numerous fine processes are given off, which fill the
canaliculi. These are the bone cells, discovered by Virchow. The lacunse are
oval flattened spaces, lying parallel to the direction of the lamellee. The canaliculi
Alssumcr from them are extremely minute, their diameter ranging from r444 to
3540 of an inch. They communicate freely with the canaliculi of adjoining
lacune, some opening into the Haversian canals, or in the cancelli of the spongy
substance and some upon the free surface of the bone. By this communication
between the lacunse and canaliculi traversing the entire substance of the bone,
the plasma of the blood is carried into every part.

Vessels of Bone. 'The bloodvessels of bone are very numerous. Those of the
compact tissue are derived from a close and dense network of vessels, which ramify
in a fibrous membrane termed the periosteum, which covers the surface of the bone
in nearly every part. From this membrane, vessels pass through the minute orifices
in the compact tissue, running through the canals which traverse its substance.
The cancellous tissue is supplied in a similar way, but by a less numerous set of
larger vessels, which, perforating the outer compact tissue, are distributed to the
cav1t1es of the spongy portion of the bone. Inthe long bones, numerous apertures
may be seen at the ends near the articular surfaces, some of Wh1ch give passage to
the arteries referred to; but the greater number, and these are the largest of them,
are for the veins of the cancellous tissue which run separately from the arteries.
The medullary canal in the shafts of the long bones is supplied by one large
artery,—or sometimes more,—which enters the bone at the nutritious foramen
(situated, in most cases, near the centre of the shaft), and perforates obliquely the
compact substance. This vessel, usually accompanied by one or two veins, sends
branches upwards and downwards, to supply the medullary membrane, which
lines the central cavity and the adjoining canals. The ramifications of this vessel
anastomose with the arteries both of the cancellous and compact tissues. In most
of the flat, and in many of the short. spongy bones, one or more large apertures
are observed which transmit, to the centre of the bone vessels which correspond
to the medullary arteries and Veins.

The veins emerge from the long bones in three places (Kolliker). 1. By alarge
vein which accompanies the nutrient artery; 2. by numerous large and small veins
at the articular extremities; 8. by many small veins which arise in the compact
substance. In the flat cranml bones, the veins are large, very numerous, and run
in tortuous canals in the diploic tissue, the sides of which are constructed of a thin
lamella of bone, perforated here and there for the passage of branches from the
adjacent cancelli. The veins thus inclosed and supported by the osseous structure,
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have exceedingly thin coats; and when the bony structure is divided, they
remain patulous, and do not contract in the canals in which they are contained.
Hence the constant occurrence of purulent absorption after amputation, in those
cases where the stump becomes inflamed, and the cancellous tissue 1s infiltrated
and bathed in pus.

Lymphatic vessels have been traced, by Cruikshank, into the substance of bone,
but Kolliker doubts their existence. Nerves are distributed freely to the perios-
teum, and accompany the nutritious arteries into the interior of the bone. They
are said, by Kolliker, to be most numerous in the articular extremities of the
long bones, in the vertebrze, and the larger flat bones.

Periosteum. The bones are covered by a tough fibrous membrane, the periosteum,
which adheres to their surface in nearly every part, excepting at their cartilaginous
extremities, and where strong tendons are attached. It is highly vascular; and,
from it, numerous vessels pass into minute orifices which cover the entire surface
of the bone. It consists of two layers closely united together; the outer one
formed chiefly of connective tissue, and occasionally a few fat-cells; the inner one,
of elastic fibres of the finer kind, which form dense elastic membranous networks,
superimposed in several layers.(Kolliker). In young bones, this membrane is
thick, very vascular, intimately connected at either end of the bone with the
epiphysal cartilage; but less closely connected with the shaft, from which it is
separated by a layer of soft blastema, in which ossification proceeds on the exterior
of ‘the young bone. Later in life, the periosteum is thinner, less vascular, and
more closely connected with the adjacent bone, this adhesion growing stronger as
age advances. The periosteum serves as a nidus for the ramification of the vessels
previous to their distribution in the bone; hence the liability of bone to exfolia-
tion or necrosis, when, from injury, it is denuded of this membrane.

Marrow. The medullary canal of adult long bones, the cavities of the cancellous
tissue, and the larger Haversian canals, are filled with a substance called marrow,
and lined by a highly vascular areolar tissue, the medullary membrane, or internal
periosteum. It is by means of the vessels which ramify through this membrane,
that the nourishment of the medulla and contiguous osseous tissue is effected.

The marrow differs in composition at different periods of life, and in different
bones. In young bones, it is a transparent reddish fluid, of tenacious consistence,
free from fat; and contains numerous minute roundish polynucleated cells. In
the shafts of adult long bones, the marrow is of a yellow color, and contains, in
100 parts, 96.0 fat, 1.0 areolar tissue and vessels, and 3.0 of fluid with extractive
matters ; whilst, in the flat and short bones, in the articular ends of the long bones,
in the bodies of the vertebree, the base of the cranium, and in the sternum and
ribs, it is of a red cplor, and contains, in 100 parts, 75.0 water, and 25.0 solid
matter, consisting of albumen, fibrin, extractive matter, salts, and a mere trace of
fat. It consists of fat-cells with a large quantity of fluid, containing numerous
polynucleated cells, similar to those found in feetal marrow. '

Development of Bone. From the peculiar uses to which bone is applied in
forming a hard skeleton or framework for the softer materials of the body, and in
inclosing and protecting some of the more important vital organs, we find its
development takes place at a very early period. Hence, the parts that appear
soonest in the embryo are the vertebral column and the skull, the great central
column, to which the other parts of the skeleton are appended. At an early period
of embryonic life, the parts destined to become bone consist of a congeries of cells,
connected together by an amorphous blastema which constitutes the simplest form
of cartilage. This temporary cartilage, as it is termed, is an exact miniature of
the bone which, in due course, is to take its place; and as the process of ossification
is slow, and not completed until adult life, it increases in bulk by an interstitial
development of new cells. The next step in this process is the ossification of the
intercellular substance, and of the cells composing the cartilage. Ossification
commences in the interior of the cartilage at certain points, called points or centres
of ossification, from which it extends into the surrounding substance. This mode
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of ossification is called intra-cartilaginous, to distinguish it from that which takes
place in a membranous tissue, quite different in its nature from cartilage. The
latter mode of ossification is called intra-membranous. Examples of it are seen,
according to Kolliker, in the upper half of the expanded portion of the occipital
bone ; the parietal and frontal bones; the squamous portion and tympanic ring of
the temporal bone; the internal lamella of the pterygoid process of the sphenoid;
the cornua sphenoidalia; in all the bones of the face, excepting the inferior turbi-
nated ; and, according to Bruck, in the clavicle.

The period of ossification is different in different bones. The order of succes-
sion may be thus arranged (Kolliker):—

In the second month, first, in the clavicle, and lower jaw (fifth to seventh week);
then, in the vertebrse, humerus, femur, the ribs, and the cartilaginous portion of
the occipital bone.

At the end of the second, and commencement of the third month, the frontal
bone, the scapula, the bones of the forearm and leg, and upper jaw, make their
appearance. h

In the third month, the remaining cranial bones, with few exceptions, begin to
ossify, the metatarsus, the metacarpus, and the phalanges.

In the fourth month, the iliac bones, and the ossicula auditis.

In the fourth or fifth month, the ethmoid, sternum, pubis, and ischium.

From the sixth to the seventh month, the calcaneum, and astragalus.

In the eighth month, the hyoid bone.

At birth, the epiphyses of all cylindrical bones, occasionally with the exception
of those of the femur and tibia; all the bones of the carpus; the five smaller
ones of the tarsus; the patella; sesamoid bones; and the last pieces of the coceyx,
are still unossified.

From the time of birth to the fourth year, osseous nuclei make their appearance
also in these parts.

At twelve years, in the pisiform bone.

The number of ossific centres is different in different bones. In most of the short
bones, ossification commences by a single point in the centre, and proceeds towards
the circumference. In the long bones, there is a central point of ossification for the
shaft or diaphysis; and one or more for each extremity, the epiphyses. That for the
shaft is the first to appear; those for the extremities appear later. For a long period
after birth, a thin layer of unossified cartilage remains between the diaphysis and
epiphyses, until their growth is finally completed, their junction taking place either
at the period of puberty, or towards the end of the period of growth. The union of
the epiphyses with the shaft takes place in the inverse order to that in which their
ossification began ; for, although ossification commences latest in those epiphyses
towards which the nutritious artery in the several bones is directed, they become
joined to the diaphyses sooner than the epiphyses at the opposite extremity, with
the exception of the fibula, the lower end of which commences to ossify at an
earlier period than the upper end, but, nevertheless, is joined to the shaft earliest.

The order in which the epiphyses become united to the shaft appears to be
regulated by the direction of the nutritious artery of the bone. Thus the arteries
of the bones of the arm and forearm are directed towards the elbow, and the
epiphyses of the bones forming this joint become united to the shaft before those
at the opposite extremity. In" the lower extremities, on the contrary, the
nutritious arteries pass in a direction from the knee; that is upwards in the femur,
downwards in the tibia and fibula; and in them it is observed, that the upper
epiphysis of the femur, and the lower epiphyses of the tibia and fibula, become
first united to the shaft.

Where there is only one epiphysis, the medullary artery is directed towards that
end of the bone where there is no additional centre: as, towards the acromial end
in the clavicle ; towards the distal end of the metacarpal bone of the thumb and great
toe; and towards the proximal end of the other metacarpal and metatarsal bones.

A knowledge of the exact periods when the epiphyses become joined to the

[
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shaft aids the surgeon in the diagnosis of many of the injuries to which the joints
are liable; for it not unfrequently happens that, on the application of severe force
to a joint, the epiphyses become separated from the shaft, and such injuries may
be mistaken for fracture.

Growth of Bone. Increase in the length of a bone is provided for by the deve-
lopment of new bone in the cartilage at either end of the shaft (diaphysis); and in
the thickness, by the deposition of soft ossifying blastema in successive layers
upon the inner surface of the periosteum. ,

The entire skeleton in an adult consists of 204 distinet bones. These are—

Vertebral column (sacrum and coccyx included) 26
Cranium . 8
Ossicula auditiis 6
Face 14
Os hyoides, sternum, and ribs 26
Upper extremities 64
Lower extremities 60

204

In this enumeration, the patelle and other sesamoid bones, as well as the
Wormian bones, are excluded, as are also the teeth, which differ from bone both
in structure, development, and mode of growth.

THE SPINE.

The Spine is a flexuous column, formed of a series of bones called Vertebre.

The Vertebree are thirty-three in number, exclusive of those which form the skull,
and have received the names cervical, dorsal, lumbar, sacral, and coccygeal, according
to the position which they occupy; seven being found in the cervical region, twelve
in the dorsal, five in the lumbar, five in the sacral, and four in the coccygeal.

This number is sometimes found increased by an additional segment in one
region, or the number may be diminished in one region, the deficiency being
supplied by an additional segment in another. These observations do not apply
to the cervical portion of the spine, the number of segments forming which 1s
seldom increased or diminished.

The Vertebrz in the three uppermost regions of the spine are separate segments
throughout the whole of life ; but those found in the sacral and coccygeal regions are,
in the adult, firmly united, so as to form two bones—five entering into the formation
of the upper bone or sacrum, and four into the terminal bone of the spine or coccyz.

GENERAL CHARACTERS OF A VERTEBRA.

Each vertebra consists of two essential parts, an anterior solid segment or
body, and a posterior segment, the arch. The arch is formed of two pedicles
and two laming, supporting seven processes; viz., four articular, two transverse,
and one spinous process.

The Bodies of the vertebre are piled one upon the other, forming a stron
pillar, for the support of the cranium and trunk; the arches forming behind these
a hollow cylinder for the protection of the spinal cord. The different segments
are connected together by means of the articular processes, and the transverse
and spinous processes serve as levers for the attachment of muscles which move
the different parts of the spine. Lastly, between each pair of vertebrse apertures
exist through which the spinal nerves pass from the cord. Each of these con-
stituent parts must now be separately examined.
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The Body is the largest and most solid part of a vertebra. Above and below, it
is slightly concave, presenting a rim around its circumference; and its surfaces sre
rough, for the attachment of the intervertebral fibro-cartilages. Infrontitisconvex
from side to side, concave from above downwards. Behind, flat from above down-
wards and slightly concave from side to side. Its anterior surface is perforated by
a few small apertures, for the passage of nutrient vessels; whilst on the posterior
surface is a single irregular-shaped aperture, or occasionally several large apertures,
for the exit of veins from the body of the vertebra, the vena basis vertebre.

The Pedicles project backwards, one on each side, from the upper part of the
body of the vertebra, at the line of junction of its posterior and lateral surfaces.

The concavities above and below the pedicles are the intervertebral notches ; they
are four in number, two on each side, the inferior ones being generally the deeper.
‘When the vertebrae are articulated, the notches of each contiguous pair of bones
form the ¢ntervertebral foramina, which communicate with the spinal canal afd
transmit the spinal nerves.

The Lamina are two broad plates of bone, which complete the vertebral arch
behind, inclosing a foramen which serves for the protection of the spinal cord;
they are connected to the body by means of the pedicles. Their upper and lower
borders are rough, for the attachment of the Zgamenta subflava.

The Articular Processes, four in number, two on each side, spring from the
junction of the pedicles with the laminse. The two superior project upwards,
their articular surfaces being directed more or less backwards, the two inferior
project downwards, their articular surfaces looking more or less forwards.

The Spinous Process projects backwards from the junction of the two lamins,
and serves for the attachment of muscles.

The Transverse Processes, two in number, project one at each side from the
point where the articular processes join the pedicle. They also serve for the
attachment of muscles.

CHARACTERS OF THE CERVICAL VERTEPRE.

The Body (fig. 1) is smaller than in any other region of the spine, and broader
from side to side than from before backwards. The anterior and posterior surfaces
are flattened and of equal depth; the former is placed on a lower level than the

Fig. 1.—A Cervical Vertebra.
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latter, and its inferior border is prolonged downwards so as to overlap the upper
and fore part of the vertebra below. Its upper surface is concave transversely,
and presents a projecting lip on each side; its lower surface being convex from
side to side, concave from before backwards, and presenting laterally a shallow
concavity, which receives the corresponding projecting lip of the adjacent verte-
bra. The pedicles are directed obliquely outwards, and the superior intervertebral
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notches are deeper, but narrower, than the inferior. The lamin® are narrow,
long, thinner above than below, and overlap each other; inclosing the spinal
foramen, which is very large, and of a triangular form. The spinous processes
are short, bifid at the extremity, to afford greater extent of surface for the attach-
ment of muscles, the two divisions being often of unequal size. They increase
in length from the fourth to the seventh. The transverse processes are short,
directed downwards, outwards, and forwards, are bifid at their extremity, and
marked by a groove along their upper surface, which runs downwards and out-
wards from the superior intervertebral noteh, and serves for the transmission of
one of the cervical nerves. The transverse processes are pierced at their base by
a foramen, for the transmission of the vertebral artery, vein, and plexus of nerves.
Kach process is formed by two roots; the anterior root arises from the side of the
body, and corresponds to the ribs; the posterior root springs from the junction of
the pedicle with the lamina, and corresponds with the transverse processes in the
dorsal region. It is by the junction of these two processes, that the vertebral
foramen is formed. The extremities of each of these roots form the anterior and
posterior tubercles of the transverse processes. The articular processes are oblique:
the superior are of an oval form, flattened, and directed upwards and backwards;
the inferior downwards and forwards.

The peculiar vertebrae in the cervical region are the first or Atlas; the second or
Axis; and the seventh or Vertebra prominens. The great modifications in the form
of the atlas and axis are to admit of the nodding and rotatory movements of the
head.

The Atlas (fig. 2) is so named from supporting the globe of the head. The chief

Fig. 2.—1st Cervical Vertebra or Atlas,
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peculiarities of this bone are, that it has neither body nor spinous process. The
body is detached . from the rest of the bone, and forms the odontoid process of
the second vertebra, the parts corresponding to the pedicles pass in front and
join to form the anterior arch. The atlas consists of an anterior arch, a posterior
arch, and two lateral masses. The anterior arch forms about one-fifth of the
bone ; its anterior surface is convex, and presents about its centre a tubercle, for
‘the attachment of the Longus colli muscle ; posteriorly it is concave, and marked
by a smooth oval or circular facet, for articulation with the odontoid process of
the axis. The posterior arch forms about two-fifths of the circumference of the
bone; it terminates behind in a tubercle,, which is the rudiment of a spinous
process, and gives origin to the Rectus capitis posticus minor. The diminutive
size of this process prevents any interference in the movements between it and
the cranium. The posterior part of the arch presents above a rounded edge;
whilst in front, immediately behind each superior articular process, is a groove,
sometimes converted into a foramen by a delicate bony spiculum which arches
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backwards from the posterior extremity of the superior articular process. These
grooves represent the superior intervertebral notches, and are peculiar from being
situated behind the articular processes, instead of before them, as in the other
vertebree. They serve for the transmission of the vertebral agtery, which, ascending
through the foramen in the transverse process, winds round the lateral mass in a
direction backwards and inwards. They also transmit the sub-occipital nerves.
On the under surface of the posterior arch, in the same situation, are two other
grooves, placed behind the lateral masses, and representing-the inferior interver-
tebral notches of other vertebrse; they are much less marked than the superior.
The lateral masses are the most bulky and solid parts of the atlas, in order to
support the weight of the head; they present two articulating processes above,
and two below. “The two superior are of large size, oval, concave, and approach
towards one another in front, but diverge behind; they are directed upwards,
inwards, and a little backwards, forming a kind of cup for the condyles of the
occipital bone, and are admirably adapted to the nodding movements of the head.
Not unfrequently they are partially subdivided by a more or less deep indentation
which encroaches upon each lateral margin; the inferior articular. processes are
circular in form, flattened, or slightly concave, and directed downwards, inwards,
and a little backwards, articulating with the axis, and permitting the rotatory
movements. Just below the inner margin of each superior articular surface, is a
small tubercle, for the attachment of a ligament which, stretching across the ring
of the atlas, divides it into two unequal parts; the anterior or smaller segment
recelving the odontoid process of the axis, the posterior allowing the transmission
of the spinal cord and its membranes. This part of the spinal canal is of con-
siderable size, to afford space for the spinal cord ; and hence lateral displacement
of the atlas may occur without compression of the spinal cord. (This ligament
and the odontoid process are marked in figure 2 in dotted outline.) The trans-
verse processes are of large size, for the attachment of special muscles which
assist in rotating the head—Ilong, not bifid, perforated at their base by a canal
for the vertebral artery, which is directed from below, upwards and backwards.
The Aais (fig. 8) is so named from forming the pivot upon which the head

Fig. 3.—2d Cervical Vertebra or Axis,
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rotates. The most distinctive character of this bone is the strong prominent
process, tooth-like in form (hence the name odontoid), which rises perpendi-
cularly from the upper part of the body. The body is of a triangular form;
deeper in front than behind, and prolonged downwards anteriorly so as to overlap
the upper and fore part of the adjacent vertebra. It presents in front a median
longitudinal ridge, separating two-lateral depressions for the attachment of the
Longi colli muscles. The odontoid process presents two articulating surfaces:
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one in front of an oval form, for articulation with the atlas; another behind, for
the transverse ligament; the latter frequently encroaches on the sides of the
process; the apex is pointed. Below the apex this process is somewhat enlarged,
and presents on either side a rough impression for the attachment of the odontoid
or check ligaments, which connect it to the occipital bone; the base of the process,
where attached to the body, is constricted, so as to prevent displacement from the
transverse ligament, which binds it in this situation to the anterior arch of the
atlas. Sometimes, however, this process does become displaced, especially in
children, where the ligaments are more relaxed ; instant death is the result. The
pedicles are broad and strong, especially their anterior extremities which coalesce
with the sides of the body and the root of the odontoid process. The laminee are
thick and strong, and the spinal foramen very large. The superior articular
surfaces are round, slightly convex, directed upwards and outwards, and are
peculiar in being supported on the body, pedicles, and transverse processes. The
inferior articular surfaces, have the same direction as those of the other cervical
vertebree. The superior intervertebral notches are very shallow, and lie behind
the articular processes; the inferior in front of them, as in the othgr cervical
vertebrze. The transverse processes are very small, not bifid, and perforated by
the vertebral foramen, which is directed obliquely upwards and outwards. The
spinous process is of large size, very strong, deeply channelled on its under
surface, and presents a bifid tubercular extremity for the attachment of muscles,

which serve to rotate the head upon the spine.
Seventh Cervical (fig. 4). The

Fig. 4.—T7th Cervical Vertebra or Vertebra most distinctive character of this
Lromungns, vertebra is the existence of a very
Boay. long, and prominent spinous pro-

........

cess; hence the name Vertebra
\ prominens. This process is thick,
"\ Ant-Root. nearly horizontal in direction, not
U™ bifurcated, and has attached to it
F the ligamentum nuche. The
transverse process is usually of
large size, especially its posterior
root, its upper surface has usually
a shallow groove, and seldom pre-
sents more than a trace of bifur-
cation at its extremity. The ver-
tebral foramen is sometimes as
large as in the other cervical ver-
tebrz, usually smaller, on one or
both sides, and sometimes want-
ing. On the left side, it occasion-
et ally gives passage to the vertebral
Spinaus Procet artery; more frequently the ver-
, ‘ tebral vein traverses it on both
sides; but the usual arrangement is for both artery and vein to pass through the
foramen in the transverse process of the sixth cerviecal.
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CHARACTERS OF THE DORSAL VERTEBRAZ,

The bodies of the dorsal vertebre (fig. 5) resemble those in the cervical and
lumbar regions at the respective ends of this portion of the spine; but in the
middle of the dorsal region their form is very characteristic, being heart-shaped,
and broader in the antero-posterior than in the lateral direction. They are
thicker behind than in front, flat above and below, convex and prominent in
front, deeply concave behind, slightly constricted in front and at the sides, and
marked on each side, near the root of the pedicle, by two demi-facets, one
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above, the other below. These are covered with cartilage in the recent state;
and, when articulated with the adjoining vertebrez, form oval surfaces for the
reception of the heads of the corresponding ribs. The pedicles- are directed
backwards, and the inferior intervertebral notches are of large size, and deeper
than in any other region of the spine. The lamina are broad and thick, and
the spinal foramen small, and of a circular form. The articular processes are flat,
nearly vertical in direction, and project from the upper and lower part of the
pedicles, the superior being directed backwards and a little outwards and upwards,
the inferior forwards and a little inwards and downwards. The #ransverse pro-
cesses arise from the same parts of the arch as the posterior roots of the trans-
verse processes in the neck; they are thick, strong, and of great length, directed
obliquely backwards and outwards, presenting a clubbed extremity, lipped on its
anterior part by a srhall concave surface, for articulation with the tubercle of a
rib. Besides the articular facet for the rib, two indistinct tubercles may be seen
rising from the extremity of the transverse processes, one near the upper, the
othier near the lower border. In many they are comparatively of small size, and
serve only for the attachment of muscles. But in some animals, they attain con-
siderable magnitude either for the purpose of more closely connecting the seg-
ments of this portion of the spine, or for muscular and ligamentous attachment.
The spinous processes are long, triangular in form, directed obliquely downwards,
and terminate by a tubercular margin. They overlap one another from the fifth
to the eighth, but are less oblique in direction above and below.

Fig. 5,.—A Dorsal Vertebra.
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. The3 peculiar dorsal vertebrae are the first, ninth, tenth, eleventh, and twelfth
. 6).

( i('%I‘he First Dorsal Vertebra presents, on each side of the body, a single entire
articular facet for the head of the first rib, and a half facet for the upper half of
the second. The upper surface of the body is like that of a cervical vertebra,
being broad transversely, concave, and lipped on each side. The articular sur-
JSfaces are oblique, and the spinous process thick, long, and almost horizontal.

The Ninth Dorsal has no demi-facet below. In some subjects, the ninth has
two demi-facets on each side; then the tenth has a demi-facet at the upper part,
none below.

The Tenth Dorsal has an entire articular facet on each side above; no demi-
facet below.
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In the Eleventh Dorsal, the body approaches in its forn and size to the lumbar
vertebrz. The articular facets for the heads of the ribs, one on each side, are of
large size, and placed chiefly on the pedicles, which are thicker and stronger in this
and the next vertebra, than in any other part of the dorsal region. The transverse
processes are very short, tubercular at their extremities, and have no ar.'mcular
facets for the tubercles of the ribs. The spinous process is short, nearly horlzontal
in direction, and presents a slight tendency to bifurcation at its extremity.

Fig. 6.—Peculiar Dorsal Vertebrz.
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The Twelfth Dorsal has the same general characters as the eleventh; but may
be distinguished from it by the inferior articular processes being convex and
turned outwards, like those of the lumbar vertebrse; by the general form of the
body, laminz, and spinous process, approaching to that of the lumbar vertebra ;
and by the transverse processes being shorter, and the tubercles at their extremi-
ties more marked.
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CHARACTERS OF THE LUMBAR VERTEBRA.

The Lumbar Vertebrz (fig. 7) are the largest segments of the vertebral column.
The body is large, broader from side to side than from before backwards, and
about equal in depth in front and behind, flattened or slightly concave above and
below, concave behind, and deeply constricted in front and at the sides, presenting
prominent margins which afford a broad basis for the support of the superincum-
bent weight. The pedicles are very strong, directed backwards from the upper

Fig. 7.—A Lumbar Vertebra.

part of the bodies; consequently the inferior intervertebral notches are of large
size. The lamina are short, but broad and strong; and the foramen triangular,
larger than in the dorsal, smaller than in the cervical region. The superior articular
processes are concave, and look almost directly inwards; the inferior, convex, look
outwards and a little forwards; the former are separated by a much wider interval
than the latter, embracing the lower articulating processes of the vertebra above.
The transverse processes are long, slender, directed transversely outwards in the
upper three lumbar vertebre, slanting a little upwards in the lower two. By
some anatomists they are considered homologous with the ribs. Of the two tuber-
cles noticed in connection with the transverse processes’ in the dorsal region, the
superior ones become connected in this region with the back part of the superior
articular processes, the inferior ones with the posterior part of the base of the
transverse processes. Although in man they are comparatively small, in some
animals they attain considerable size, and serve to lock the vertebree more closely
together. The spinous processes are thick and broad, somewhat quadrilateral,
horizontal in direction, thicker below than above, and terminate by a rough
uneven border.

The Fifth Lumbar vertebra is characterized by having the body much thicker
in front than behind, which accounts for the prominence of the sacro-vertebral
articulation, by the smaller size of its spinous process, by the wide interval
between the inferior articulating processes, and by the greater size and thickness
of 1ts transverse processes.

STRUCTURE AND DEVELOPMENT OF THE VERTEBRAZ.

The structure of a vertebra differs iu different parts. The body 1s composed
of light spongy cancellous tissue, having a thin coating of compact tissue on its
external surface perforated by numerous orifices, some of large size, for the passage
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of vessels, its interior being traversed by one or two large canals for the reception

of veins, which converge towards a single 1

Fig. 8.—Development of a Vertebra.
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arge irregular aperture or several smail

ones at the posterior part of the body
of each bone. The arch and processes
projecting from it have, on the con-
trary, an exceedingly thick covering
of compact tissue.

Development. Each vertebra is form-
ed of three primary cartilaginous por-
tions (fig. 8); one for each lamina and
its processes, and one for the body.
Ossification commences in the ldminse
about the sixth week of foetal life, in
the situation where the transverse pro-
cesses afterwards project, the ossific
granules shooting backwards to the
spine, forwards to the body, and out-
wards into the transverse and articular
processes. Ossification in the body
makes its appearance in the middle of
the cartilage about the eighth week.
At birth, these three pieces are per-
fectly separate. During the first year,
the laminge become united behind, by
a portion of cartilage in which the
spinous process is ultimately formed,

-and thus the arch is completed. About

the third year, the body is joined to
the arch on each side, in such a man-
ner that the body is formed from the
three original centres of ossification,
the amount contributed by the pedicles

_Increasing in extent from below up-

wards. Thus the bodies of the sacral
vertebrae are formed almost entirely
from the central nuclei, the bodies of
the lumbar segments are formed late-
rally and behind by the pedicles. In
the dorsal region the pedicles advance
as far forwards as the articular depres-
sions for the heads of the ribs, forming
these cavities of reception; and in the
neck the whole of the lateral portions
of the bodies are formed by the ad-
vance of the pedicles. Before puberty,
no other changes occur excepting a
gradual increase in the growth of these
primary centres, the upper and under
surface of the bodies, and the ends of
the transverse and spinous processes,
being tipped with cartilage, in which
ossific granules are not as yet depo-
sited. At sixteen years (fig. 9), four
secondary centres appear, one for the
tip of each transverse process, and two
(sometimes united into one)for the end
of the spinous process. At twenty-
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one years (fig. 10), a thin circular plate of bone is formed in the thin layer of carti-
lage situated on the upper and under surface of the body, the former being the
thicker of the two. All these become joined; and the bone is completely formed
about the thirtieth year of life.

Exceptions to this mode of development occur in the first, second, and seventh
‘cervical, and in the vertebre of the lumbar region.

The Atlas (fig. 11) is developed by two primary centres, and by one or more
epiphyses. The two primary centres consist of the two lateral of neural masses,
ossification of which commences before birth, near the articular processes, and
extending backwards, they are separated from one another behind, at birth, by a
narrow interval filled in with cartilage. Between the second and third years,
they unite either directly or through the medium of an epiphysal centre, developed
in the cartilage near their point of junction. The anterior arch, at birth, is alto-
gether cartilaginous, and this portion of the atlas is completed by the gradual
extension forwards and ultimate junction of the two neural processes. Occasion-
ally a separate nucleus is developed in the anterior arch, which, extending laterally,
joins the neural processes in front of the pedicles; or, there are two nuclei deve-
loped in the anterior arch, one on either side of the median line; they join to form
a single mass, which is afterwards united to the lateral portions in front of the
articulating processes.

The Aazs (fig. 12) is developed by six centres. The body and arch of this bone
are formed in the same manner as the corresponding parts in the other vertebree:
one centre for the lower part of the body, and one for each lamina. The odontoid
process, which is really the centrum or body of the axis, consists originally of an
extension upwards of the cartilaginous mass, in which the lower part of the body
is formed. At about the sixth month of feetal life, two osseous nuclei make their
appearance in the base of this process: they are placed laterally, and join before
birth to form a conical-shaped bilobed mass, deeply cleft above; the interval
between the cleft and the summit of the process is formed by a wedge-shaped
piece of cartilage; the base of the process being separated from the body by a
cartilaginous interval, which gradually becomes ossified, sometimes by a separate
epiphysal nucleus. Finally, as Mr. Humphry has lately demonstrated, the apex
of the odontoid process has a separate nucleus. ,

The Seventh Cervical. The anterior or costal part of the transverse process of
the seventh cervical is developed from a separate osseous centre at about the
sixth month of foetal life, and joins the body and posterior division of the trans-
verse process between the fifth and sixth years. Sometimes this process continues
as a separate piece, and becoming lengthened outwards constitutes what is known
as a cervical rib.

The Lumbar Vertebree (fig. 18) have two additional centres (besides those peculiar
to the vertebree generally), for the tubercles, which project from the back part of
the superior articular processes. The transverse process of the first lumbar is
sometimes developed as a separate piece, which may remain permanently uncon-
nected with the remaining portion of the bone; thus forming a lumbar rib, a
peculiarity which is sometimes, though rarely, met with.

PROGRESS OF OSSIFICATION IN THE SPINE GENERALLY. Ossification of the laminse
of the vertebrse commences at the upper part of the spine, and proceeds gradually
downwards; hence the frequent occurrence of spina bifida in the lower part of
the spinal column. Ossification of the bodies, on the other hand, commences a
little below the centre of the spinal column, about the ninth or tenth dorsal
vertebra, and extends both upwards and downwards. Although, however, the
ossific nuclei make their first appearance in the lower dorsal vertebre, the lumbar
and first sacral are those in which these nuclei are largest at birth.

dttachment of Muscles. To the Atlas  are attached the Longus colli, Rectus
anticus minor, Rectus lateralis, Rectus posticus minor, Obliquus superior and
inferior, Splenius colli, Levator anguli scapulee, Interspinous, and Intertransverse.

To the Axis are attached the Longus colli, Obliquus inferior, Rectus posticus

4
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major, Semispinalis colli, Multifidus sping, Levator anguli scapulee, Splenius colli,
Transversalis colli, Scalenus posticus, Intertransversales, Interspinales. .
To the remaining Vertebree generally are attached, anteriorly, the Rectus anticus
major, Longus colli, Scalenus anticus and posticus, Psoas magnus, Psoas parvus,
Quadratus lumborum, Diaphragm, Obliquus internus and Transversalis,—poste-
riorly, the Trapezius, Latissimus dorsi, Levator anguli scapule, Rhomboideus
major and minor, Serratus posticus superior and inferior, Splenius, Sacro-lumbahg,
Longissimus dorsi, Spinalis dorsi, Cervicalis ascendens, Transversalis collj,
Trachelo-mastoid, Complexus, Semi-spinalis dorsi and colli, Multifidus spin,
Interspinales, Supraspinales, Intertransversales, Levatores costarum.

SACRAL AND COCCYGEAL VERTEBRZE.

The Sacral and Coccygeal Vertebrae consist, at an early period of life, of nine
separate pieces, which are united in the adult, so as to form two bones, five
entéring into the formation of the sacrum, four of the coccyx.

THE SAcruM (fig. 14), so called from its having been offered in sacrifice, and
hence considered sacred, is a large triangular bone, situated at the lower part of

Fig. 14.—Sacrum: Anterior Surface.
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the vertebral column, and at the upper and back part of the pelvic cavity, where
it is inserted like a wedge between the two ossa innominata; its upper part,
or base, articulating with the last lumbar vertebra, its apex with the COCCYX.
The sacrum is curved upon itself, and placed very obliquely, its upper extremity
projecting forwards, forming, with the last lumbar vertebra, a very prominent
angle, called the promontory or sacro-vertebral angle, whilst its central part is
directed backwards, so as to give increased capacity to the pelvic cavity. It
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presents for examination an anterior and posterior surface, two lateral surfaces, a
base, an apex, and a central canal.

The Anterior Surface is concave from above downwards, and slightly so from
side to side. In the middle are seen four transverse ridges, indicating the original
division of the bone into five separate pieces. The portions of bone intervening
between the ridges correspond to the bodies of the vertebree. The body of the
first segment is of large size, and in form resembles that of a lumbar vertebra; the
succeeding ones diminish in size from above downwards, are flattened from before
backwards, and curved so as to accom-
modate themselves to the form of the Fig. 15.—Vertical Section of the Sacram.
sacrum, being concave in front, convex -
behind. At each end of the ridges, above = ‘ AR
mentioned, are seen the anterior sacral : R A R ’(
JSoramina, analogous to the intervertebral X
foramina, four in number on each side,
somewhat rounded in form, diminishing
in size from above downwards, and di-
rected outwards and forwards; they
transmit the anterior branches of the
sacral nerves. Hxternal to these fora-
mina is the lateral mass, consisting, at
an early period of life, of separate seg--
ments, which correspond to the anterior
transverse processes; these become blend-
ed, in the adult, with the bodies, with
each other, and with the posterior trans-
verse processes. Hach lateral mass is
traversed by four broad shallow grooves,
which lodge the anterior sacral nerves as
they pass outwards, the grooves being
separated by prominent ridges of bone,
which give attachment to the slips of the
Pyriformis muscle.

If a vertical section is made through
the centre of the bone (fig. 15), the bodies
are seen to be united at their circumfe-
rence by bone, a wide interval being left
centrally, which, in the recent state, is
filled by intervertebral substance. In
some bones, this union is more complete
between the lower segments than between
the upper ones.

The Posterior Surface (fig. 16)is convex, and much narrower than the anterior.
In the middle line, are three or four tubercles, which represent the rudimentary
spinous processes of the sacral vertebree. Of these tubercles, the first is usually
prominent, and perfectly distinct from the rest; the second and third are either
separate, or united into a tubercular ridge, which diminishes in size from above
downwards; the fourth usually, and the fifth always, remaining undeveloped. Ex-
ternal to the spinous processes on each side are the lamine, broad and well marked
in the three first pieces; sometimes the fourth, and generally the fifth, being un-
developed; in this situation the lower end of the sacral canal is exposed. External
to the laminwe is a linear series of indistinet tubercles representing the articular
processes; the upper pair are large, well developed, and correspond in shape and
dircetion to the superior articulating processes of a lumbar vertebra; the second
and third are small; the fourth and fifth (usually blended together) are situated
on each side of the sacral canal: they are called the sacral cornua, and articulate
with the cornua of the coccyx. External to the articular processes are the four
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posterior sacral foramina; they are smaller in size, and less regular in form than
the anterior, and transmit the posterior branches of the sacral nerves. On the
outer side of the posterior sacral foramina is a series of tubercles, the rudimentary

Fig. 16.—Sacrum : Posterior Surface.
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posterior transverse processes of the sacral vertebree. The first pair of transverse
tubercles are of large size, very distinct, and correspond with each superior angle
of the bone; the second, small in size, enter into the formation of the sacro-iliac
articulation; the third give attachment to the oblique sacro-iliac ligaments; and
the fourth and fifth to the great sacro-ischiatic ligaments. The interspace between
the spinous and transverse processes on the back of the sacrum, presents a wide
shallow concavity, called the sacral groove; it is continuous above with the
vertebral groove, and lodges the origin of the Hrector spinz.

The Lateral surface, broad above, becomes narrowed into a thin edge below.
Its upper half presents in front a broad ear-shaped surface for articulation with
the ilium. This is called the auricular or ear-shaped surface, and in the fresh
state is coated with cartilage. It is bounded posteriorly by deep and uneven
impressions, for the attachment of the posterior sacro-iliac ligaments. The lower
half is thin and sharp, and gives attachment to the greater and lesser sacro-ischiatic
ligaments, and to some fibres of the Gluteus maximus; below, it presents a deep
notch, which is converted into a foramen by articulation with the transverse
process of the upper piece of the coccyx, and transmits the anterior branch of the
fifth sacral nerve.

The Base of the sacrum, which is broad and expanded, is directed upwards and
forwards. In the middle is seen an oval articular surface, which corresponds with
the under surface of the body of the last lumbar vertebra, bounded behind by
the large triangular orifice of the sacral canal. This orifice is formed behind b
the spinods process and laminee of the first sacral vertebra, whilst projecting from
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it on each side are the superior articular processes; they are oval, concave,
directed backwards and inwards, like the superior articular processes of a lumbar
vertebra; in front of. each articular process is an intervertebral notch, which
forms the lower half of the last intervertebral foramen. Lastly, on each side of
the articular surface is a broad and flat triangular surface of bone, which extends
outwards, and is continuous on each side with the iliac fossa. .

The Apex, directed downwards and forwards, presents a small oval concave
surface for articulation with the coccyx. o

The Sacral Canal runs throughout the greater part of the bone; it is large
and triangular in form above, small and flattened from before backwards below.
In this situation its posterior wall is incomplete, from the non-development of the
laminge and spinous processes. It lodges the sacral nerves, and is perforated by
the anterior and posterior sacral foramina,
through which these pass out. Fig. 17.—Development of Sacrum.

Structure. It consists of much loose Formed by union of & Vertebra.
spongy tissue within, invested exter-
nally by a thin layer of compact tissue.

DIFFERENCES IN THE SACRUM OF
THE MALE AND FEMALE. The sacrum
in the female is usually wider than in
the male; and it is much less curyed,
the upper half of the bone being nearly
straight, the lower half presenting the at birth
greatest amount of curvature. The
bone is also directed more obliquely
backwards; which increases the size of
the pelvic cavity, and forms a more pro-
minent sacro-vertebral angle. In the
male, the curvature is more evenly dis-
tributed over the whole length of the
bone, and is altogether greater than in
the female.

PECULIARITIES OF THE SACRUM.
This bone, in some cases, consists of 443 s
six pieces; occasionally the number is
reduced to four. Sometimes the bodies
of the first and second segments are
not joined, or the lamina and spinous
processes have mnot coalesced. Occa-
sionally, the upper pair of transverse
tubercles are not joined to the rest of
the bone on one or both sides; and, Fig. 19.
lastly, the sacral canal may be open for
nearly the lower half of the bone, in
consequence of the imperfect develop-
ment of the laminse and spinous pro-
cesses. The sacrum, also, varies con-
siderably with respect to its degree of
curvature. From the examination of
a large number of skeletons, it would
appear, that, in one set of cases, the
anterior surface of this bone was nearly
straight, the curvature, which was
very slight, affecting only its lower end.
In another set of cases, the bone was
curved throughout its whole length,
but especially towards its middle. In
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a third set, the degree of curvature was less marked, and affected especially the
lower third of the bone.

Development (fig. 17). The sacrum, formed by the union of five vertebra, has
thirty-five centres of ossification.

‘The bodies of the sacral vertebrse have each three ossific centres; one for the
central part, and one for the epiphysal plates on its upper and under surface.

The laminz of the sacral vertebra are each developed by two centres; these
meet behind to form the arch, and subsequently join the body.

The lateral masses have six additional centres, two for each of the first three
vertebre. These centres make their appearance above and to the outer side of
the anterior sacral foramina (fig. 17), and are developed into separate segments,
which correspond with the anterior transverse processes (fig. 18); they are subse-
quently blended with each other, and with the bodies and the posterior transverse
processes, to form the lateral mass. |

Lastly, each lateral surface of the sacrum is developed by two epiphysal plates
(fig. 19); one for the articular surface, and one for the remaining part of the thin
lateral edge of the bone.

Period of Development. At about the eighth or ninth week of feetal life, ossifi-
cation of the central part of the bodies of the first three vertebre commences;
and, at a somewhat later period, that of the last two. Between the sixth and
eighth months, ossification of the lamine takes place: and, at about the same
period, the characteristic osseous tubercles for the three first sacral vertebrs make
their appearance. The lamine join to form the arch, and are united to the bodies,
first, in the lowest vertebree. This occurs about the second year, the uppermost
segment appearing as a single piece about the fifth or sixth year. About the six-
teenth year, the epiphyses for the upper and under surfaces of the bodies are
formed : and, between the eighteenth and twentieth years, those for each lateral
surface of the sacrum make their appearance. At about this period, the last

two segments are joined to one another; and this pro-
Fig, 20.—Coccyx. cess gradually extending upwards, all the pieces
become united, and the bone completely formed from
the twenty-fifth to the thirtieth year of life.
_ Articulations. 'With four bones; the last lumbar
Hudim vertebra, coceyx, and the two ossa Innominata.
praz, Attackment  of Muscles. The Pyriformis and
Coccygeus on either side; behind, the Gluteus maxi-
mus, and Erector spinze.

Tar CoccyXx.

The Coceyx (xéxxvé, cuckoo), so called from resem-
bling a cuckoo’s beak (fig. 20), is usually formed
of four small segments of bone, the most rudi-
mentary parts of the vertebral column. In each
of the first three segments may be traced a rudi-
mentary body, articular and transverse processes;
the last plece (sometimes the third) being merely
a rudimentary nodule of bone, without distinet
processes. All the segments are destitute of lami-
ne and spinous processes; and, consequently, of
spinal canal, and intervertebral foramina. The first
segment is the largest, resembles the lowermost
sacral vertebra, and often exists as a separate piece;
the last three, diminishing in size from above down-
wards, are usually blended together so as to form
a single bone. The gradual diminution in the
size of the pieces gives this bone a triangular
form, articulating by its base with the end of the

Losterior Surfuce



THE SPINE. 55

sacrum. Tt presents for examination an anterior and posterior surface, two borders,
a base, and an apex. The anterior surface is slightly concave, and marked with
three transverse grooves, indicating the points of junction of the different pieces.
It has attached to it the anterior sacro-coccygeal ligament, the Levator ani muscle,
and supports the lower end of the rectum. The posterior surface is convex,
marked by transverse grooves similar to those on the anterior surface; and presents
on each side a linear row of tubercles, the rudimentary articular processes of the
coceygeal vertebrae. Of these, the superior pair are very large; and are called
the cornua of the coccyx ; they project upwards, and articulate with the cornua of
the sacrum, the junction between these two bones completing the fifth sacral
foramen for the transmission of the posterior branch of the fifth sacral nerve.
The lateral borders are thin, and present a series of small eminences, which re:
present the transverse processes of the coccygeal vertebrae. Of these, the first on
each side is of large size, flattened from before backwards; and often ascends to
join the lower part of the thin lateral edge of the sacrum, thus completing the
fifth sacral foramen: the others diminish in size from above downwards, and are
often wanting. The borders of the coccyx are narrow, and give attachment on
each side to the sacro-sciatic ligaments and Coccygeus muscle. The base presents
an oval surface for articulation with the sacrum. The apex is rounded, and has
attached to it the tendon of the external Sphincter muscle. It is occasionally
bifid, and sometimes deflected to one or other side. ‘

Development. The coccyx is developed by four centres, one for each piece.
Occasionally, one of the first three pieces of this bone is developed by two centres,
placed side by side. The ossific nuclei make their appearance in the following
order: in the first segment, at birth; in the second piece, at from five to ten years;
in the third, from ten to fifteen years; in the fourth, from fifteen to twenty years.
As age advances, these various segments become united in the following order:
the first two pieces join; then the third and fourth; and, lastly, the bone is com-
pleted by the union of the second and third. At a late period of life, especially
in females, the coccyx becomes joined to the end of the sacrum.

Articulation. With the sacrum.

Attacloment of Muscles. On either side, the Coccygeus; behind, the Gluteus
maximus ; at its apex, the Sphincter ani; and in front, the Levator ani.

OF THE SPINE IN GENERAL.,

The spinal column, formed by the junction of the vertebrs, is situated in the
median line, at the posterior part of the trunk: its average length is about two
feet two or three inches; the lumbar region contribyting seven parts of that
length, the dorsal eleven, and the cervical five.

Viewed in front, it presents two pyramids joined together at their bases, the
upper one being formed by all the vertebrae from the second cervical to the last
lumbar ; the lower one by the sacrum, and coccyx. Viewed somewhat more closely,
the uppermost pyramid is seen to be formed of three smaller pyramids. Of these,
the most superior one consists of the six lower cervical vertebre; its apex being
formed by the axis or second cervical; its base, by the first dorsal. The second
pyramid, which is inverted, is formed by the four upper dorsal vertebra, the base
being at the first dorsal, the smaller end at the fourth. The third pyramid com-
mences at the fourth dorsal, and gradually increases in size to the fifth lumbar.

Viewed laterally (fig. 21), the spinal column presents several curves, which
correspond to the different regions of the column, and are called cervical, dorsal,
lumbar, and pelvic. The cervical curve commences at the apex of the odontoid
process, and terminates at the middle of the second dorsal vertebra; it is convex
in front, but the least marked of all the curves. The dorsal curvature, which is
concave forwards, commences at the middle of the second, and terminates at the
middle of the twelfth dorsal. Its most prominent point behind corresponds to
the body of the seventh or eighth vertebra. The lumbar curve commences at the
niiddle of the last dorsal, and terminates at the sacro-vertebral angle. It is convex
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Fig. 21.—Lateral View of Spine.
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anteriorly; the convexity of the lower
three vertebre being much greater than
that of the upper ones. The pelvic curve
commences at the sacro-vertebral articula-
tion, and terminates at the point of the
coceyx. It is concave posteriorly. These
curves are partly due to the shape of the
bodies of the vertebree, and partly to the
intervertebral substances, as will be ex-
plained in the Articulations of the Spine.

The spine has also a slight lateral
curvature, the convexity of which is di-
rected toward the right side. This is
most probably produced, as Bichat first
explained, from the effect of muscular
action; most persons using the right arm
in preference to the left, especially in
making long-continued efforts, when the
body 1s curved to the right side. In
support of this explanation, it has been
found, by Béclard, that in one or two in-
dividuals who were left-handed, the lateral
curvature was directed to the left side.

The spinal column presents for exami-
nation an anterior, a posterior, and two
lateral surfaces; a base, summit, and ver-
tebral canal.

The antertor surface presents the bodies
of the vertebree separated in the recent state
by the intervertebral disks. The bodies
are broad in the cervical region, narrow
in the upper part of the dorsal, and broadest
in the lumbar region. The whole of this
surface is convex transversely, concave from
above downwards in the dorsal region, and
convex in the same direction in the cervical
and lumbar regions. )

The posterior surface presents in the
median line the spinous processes. These
are short, horizontal, with bifid extremi-
ties in the cervical region. In the dorsal
region, they are directed obliquely above,
assume almost a vertical direction in the
middle, and are horizontal, like the spines
of the lumbar vertebre, below. They
are separated by considerable intervals in
the loins, by narrower intervals in the
neck, and are closely approximated in
the middle of the dorsal region. Oec-
casionally one of these processes deviates
a little from the median line, a fact to
be remembered, as irregularities of this
sort are attendant on fractures or dis-
placements of the spine. On either side of
the spinous processes, extending the whole
length of the column, is the vertebral
groove, formed by the laming in the cer-
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vical and lumbar regions, where it is shallow, and by the laminee and transverse
processes in the dorsal region, where it is deep and broad. In the recent state,
these grooves lodge the deep muscles of the back. External to the vertebral
grooves are the articular processes, and still more externally the transverse pro-
cesses. In the dorsal region, the latter processes stand backwards, on a place con-
siderably posterior to the same processes in the cervical and lumbar regions. In
the cervical region, the transverse processes are placed in front of the articular
processes, and between the intervertebral foramina. Inthe lumbar, they are placed
also in front of the articular process, but behind the intemvertebral foramina. In
the dorsal region, they are posterior both to the articular processes and foramina.

The lateral surfaces are separated from the posterior by the articular processes
in the cervical and lumbar regions, and by the transverse processes in the dorsal.
These surfaces present in front the sides of the bodies of the vertebree, marked in
the dorsal region by the facets for articulation with the heads of the ribs. More
posteriorly are the intervertebral foramina, formed by the juxtaposition of the inter-
vertebral notches, oval in shape, smallest in the cervical and upper part of the dorsal
regions, and gradually increasing in size to the last lumbar. They are situated
between the transverse processes in the neck, and in front of them in the back and
loins, and transmit the spinal nerves. The base of the vertebral column is formed
by the under surface of the body of the fifth lumbar vertebra; and the summsit by
the upper surface of the atlas. The vertebral canal follows the different curves
of the spine; it is largest in those regions in which the spine enjoys the greatest
freedom of movement, as in the neck and loins, where it is wide and triangular;
and narrow and rounded in the back, where motion is more limited.

THE SKULL.

The Skull, or superior expansion of the vertebral column, is composed of four
vertebree, the elementary parts of which are specially modified in form and size,
and almost immovably connected, for the reception of the brain, and special
organs of the senses. These vertebrze are the occipital, parietal, frontal, and nasal.
Descriptive anatomists, however, divide the skull into two parts, the Cranium and
the Face. The Cranium (xpdres, @ helmet) is composed of eight bones: viz, the
occipital, two parietal, frontal, two temporal, sphenoid, and ethmoid. The face is
composed of fourteen bones: viz, the two nasal, two superior maxillary, two lachry-
mal, two malar, two palate, two 1nferior turbinated, vomer, tnfertor maxillary. The
ossicula auditis, the teeth, and Wormian bones, are not included in this enumeration.

Occipital.
Two Parietal.
Frontal.
Two Temporal.
{ Sphenoid.
\  Ethmoid.

Skull, 22 bones. Two Nasal.
Two Superior Maxillary.
Two Lachrymal.
Two Malar.

Face, 14 bones. Two Palate.

Two Inferior Turbinated.
Vomer.
Inferior Maxillary.

Cranium, 8 bones.

BONES OF THE CRANIUM.

THE OccIPiTAL BONE.

The Occipital Bone (fig. 22) is situated at the back part and base of the cranium,
is trapezoid in form, curved upon itself, and presents for examination two sur-
faces, four borders, and four angles.
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The External Surface is convex. Midway between the summit of the bone
and the posterior margin of the foramen magnum is a prominent tubercle, the
external occipital protuberance, for the attachment of the Ligamentum nuchee; a:nd
descending from it, as far as the foramen, a vertical ridge, the external ocmp}tal
crest. This tubercle and crest vary in prominence in different skulls. Pa:ssmg
outwards from the occipital protuberance on each side are two semicircular ridges,
the superior curved lines; and running parallel with these from the middle of the
crest, are the two inferior curved lines. The surface of the bone above the supe-
rior curved lines is smooth on each side, and in the recent state is covered by the
Occipii-frontalis muscle, whilst -the ridges, as well as the surface of the bone
between them, serve for the attachment of numerous muscles. The superior

Fig. 22.—Occipital Bone. OQuter Surface.
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curved line gives attachment internally to the Trapezius, externally to the Occi-
pito-frontalis, and Sterno-cleido-mastoid, to the extent shown in the figure. The
depressions between the curved lines to the Complexus internally, the Splenius
capitis and Obliquus superior externally. The inferior curved line, and the
depressions below it, afford insertion to the Rectus capitis posticus, major and minor.

The foramen magnum 1is a large oval aperture, its long diameter extending
from before backwards. It transmits the spinal cord and its membranes, the
spinal accessory nerves, and the vertebral arteries. Its back part is wide for the
transmission of the cord, and the corresponding margin rough for the attachment
of the dura mater inclosing it; the forepart is narrower, being encroached upon
by the condyles; it has projecting towards it from below the odontoid process,
and its margins are smooth and bevelled internally to support the medulla
oblongata. On each side of the foramen magnum are the condyles for articulation
with the atlas; they are convex, oblong or reniform in shape, and directed down-
wards and outwards; they converge in front, and encroach slightly upon the
anterior segment of the foramen. On the inner border of each condyle is a rough
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tuberele for the attachment of the ligaments (check) which connect this bone with
the odontoid process of the axis; whilst external to them is a rough tubercular
prominence, the transverse or jugular process (the representative of the trans-
verse process of a vertebra), channelled in front by a deep notch, which forms
part of the jugular foramen. The under surface of this process affords attach-
ment to the Rectus capitis lateralis; its upper or cerebral surface presents a deep
groove, which lodges part of the lateral sinus, whilst its prominent extremity is
marked by a quadrilateral rough surface, covered with cartilage in the fresh state,
and articulating with a similar surface on the petrous portion of the temporal
bone. On the outer side of each condyle, near its forepart, is a foramen, the
anterior condyloid ; it is directed downwards, outwards, and forwards, and trans-
mits the hypoglossal nerve. This foramen is sometimes double. Behind each
condyle is a fossa,! perforated at the bottom by a foramen, the posterior condyloid,
for the transmission of a vein to the lateral sinus. In front of the foramen
magnum is a strong quadrilateral plate of bone, the basilar process, wider behind
than in front; its under surface, which is rough, presenting in the median line a
tubercular ridge, the pharyngeal spine, for the attachment of the tendinous raphe
and Superior constrictor of the pharynx ; and on each side of it are rough depressions
for the attachment of the Rectus capitis anticus major, and Rectus capitis minor.

Fig. 23.—Ocecipital Bone : Inner Surface.
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The Internal or Cerebral Surface (fig. 23) is deeply concave. The posterior
! This fossa presents many variations in size. It is usually shallow, and the foramen small;

occasionally wan'fing, on one, or both sides. Sometimes both fossa and foramen are large, but
confined to one side only; more rarely, the fossa and foramen are very large on both sides.
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or occipital part is divided by a crucial ridge into four fossee. The two superior,
the smaller, receive the posterior lobes of the -cerebrum, and present slight emi-
nences and depressions corresponding to their convolutions. The two inferior,
which receive the lateral lobes of the cerebellum, are larger than the former, and
comparatively smooth; both are marked by slight grooves for the lodgment of
arteries. At the point of meeting of the four divisions of the crucial ridge is an
eminence, the internal occipital protuberance. It nearly corresponds to that on
the outer surface, and is perforated by one or more large vascular foramina.
From this eminence, the superior division of the crucial ridge runs upwards to
the superior angle of the bome; it presents occasionally a deep groove for the
superior longitudinal sinus, the margins of which give attachment to the falx
cerebri. The inferior division, the internal occipital crest, runs to the posterior
margin of the foramen magnum, on the edge of which it becomes gradually lost:
this ridge, which is bifurcated below, serves for the attachment of the falx cere-
belli. The transverse grooves pass outwards to the lateral angles; they are
deeply channelled, for the lodgment of the lateral sinuses, their prominent marging
affording attachment to the tentorium cerebelli.! At the point of meeting of these
grooves 1s a depression, the “ Torcular Herophili,”? placed a little to one or the
other side of the internal occipital protuberance. More anteriorly is the foramen
magnum, and on each side of it, but nearer its anterior than its posterior part,
the internal openings of the anterior condyloid foramina; the internal openings
of the posterior condyloid foramina being a little external and posterior to them,
protected by a small arch of bone. In front of the foramen magnum is the basilar
process, presenting a shallow depression, the basilar groove, which slopes from
behind, upwards and forwards, and supports the medulla oblongata ; and on each
side of the basilar process is a narrow channel, which, when united with a similar
channel on the petrous portion of the temporal bone, forms a groove, which lodges
the inferior petrosal sinus.

Angles. The superior angle is received into the interval between the posterior
superior angles of the two parietal bones; it corresponds with that part of the
skull in the foetus which is called the posterior fontanelle. The 4nferior angle is
represented by the square-shapéd surface of the basilar process. At an early
period of life, a layer of cartilage separates this part of the bone from the sphenoid;
but in the adult, the union between them is osseous. The lateral angles correspond
to the outer ends of the transverse grooves, and are received into the interval
between the posterior inferior angles of the parietal and the mastoid portion of
the temporal. :

Borders. The superior extends on each side from the superior to the lateral
angle, is deeply serrated for articulation with the parietal bone, and forms by
this union the lambdoid suture. The ¢nferior border extends from the lateral to
the inferior angle; its upper half is rough, and articulates with the mastoid por-
tion of the temporal, forming the masto-oceipital suture: the inferior half articu-
lates with the petrous portion of the temporal, forming the petro-occipital suture :
these two portions are separated from one another by the jugular process. In
front of this process is a deep notch, which, with a similar one on the petrous
portion of the temporal, forms the foramen lacerum posterius. This notch is
occasionally subdivided into two parts by a small process of bone, and presents an
aperture at its upper part, the internal opening of the posterior condyloid foramen.

Structure. The occipital bone consists of two compact laminz, called the outer
and ¢nner tables, having between them the diploic tissue; this bone is especially

! Usually one of the transverse grooves is deeper and broader than the other; this seems in
nearly equal proportion on the two sides; occasionally both grooves are of equal depth and
breadth, or both equally indistinet. The broader of the two transverse grooves is nearly always
continuous with the vertical groove for the superior longitudinal sinus, and occupies the corre-
sponding side of the median line.

2 The columns of blood coming in different directions were supposed to be pressed together at
this point.
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thick, at the ridges, protuberances, condyles, and anterior part of the basilar
process; whilst at the bottom of the fossee, especially the inferior, it is thin, semi-
transparent, and destitute of diploé.

Development (fig. 24). The occipital bone has jfour centres of development;
one for the posterior or occi- .
pital part,-which is formed in Fig. 24.—Development of Occipital Bone.
membrane ; one for the basilar By 4 centres
portion; and one for each
condyloid portion, which are

formed in cartilage. %, [ ST occipital
The centre for the occipi- o B .
tal portion appears about the — §
tenth week of foetal life; and NS s
consists, according to Blandin 7 ity \\\\\\\\\\R‘ s
and Cruveilhier, of a small ) <
oblong plate which appears at birdk —1 for sach condyloid |
in the situation of the occi- & 4preces portuon ‘&
pital protuberance.!  The S gegate ) g
condyloid  portions then {~—1 for basilar porvion |2
ossify, and lastly the basilar = !

portion. At birth, the bone
consists of four parts, separate from one another, the occipital portion being fissured
in the direction above indicated. At about the fourth year, the occipital and the
two condyloid pieces, join; and about the sixth year the bone consists of a single
piece. At a later period between the eighteenth and twenty-fifth years, the
occipital and sphenoid become united, forming a single bone.

Articulations. With six bones; two parietal, two temporal, sphenoid, and atlas.

Attachment of Muscles. To the superior curved line are attached the Occipito-
frontalis, Trapezius, and Sterno-cleido-mastoid. To the space between the curved
lines, the Complexus, Splenius capitis, and Obliquus superior; to the inferior
curved line, and the space between it and the foramen magnum, the Rectus
posticus major and minor; to the transverse process, the Rectus lateralis; and to
the basilar process, the Recti antici majores and minores, and Superior Constrictor
of the pharynx.

TaeE PARIETAL BOXNES.

The Parietal Bones (paries, a wall) form by their union the sides and roof of
the skull; each bone is of an irregular quadrilateral form, and presents for ex-
amination two surfaces, four borders and four angles.

Surfaces. The external surface (fig. 25) is convex, smooth, and marked about
its centre by an eminence, called the parietal eminence, which indicates the point
where ossification commenced. Crossing the centre of the bone in an arched
direction is a curved ridge, the temporal ridge, for the attachment of the temporal
fascia. Above this ridge, the surface of the bone is rough and porous, and covered
by the aponeurosis of the Occipito-frontalis; below it the bone is smooth, forms
part of the temporal fossa, and affords attachment to the Temporal muscle. At
the back part of the superior border, close to the sagittal suture, is a small
foramen, the parietal foramen, which transmits a vein to the superior longitudinal
sinus. Its existence is not constant, and its size varies considerably.

The vnternal surface (fig. 26), concave, presents eminences and depressions for
lodging the convolutions of the cerebrum, and numerous furrows for the ramifica-
tions of the meningeal arteries; the latter run upwards and backwards from the

! Béclard considers this segment to have four centres of ossification, arranged in pairs, two
above, and two below the curved lines, and Meckel describes eight, four of which correspond in
situation with those above described: of the other four, two are placed in juxta-position, at the
upper angle of the bone, and the remaining two, one at each side, in the lateral dangles.
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anterior inferior angle, and from the central and posterior part of the lower
border of the bone. ~ Along the upper margin is part of a shallow groove, which,
Vs_fhen Joined to the opposite parietal, forms a channel for the superior longitudinal
sinus, the elevated edges of which afford attachment to the falx cerebri. Nfaar
the groove are seen several depressions; they lodge the Pacchionian bodies.

The internal opening of the parietal foramen is also seen when that aperture
exists.

Fig. 25.—Left Parietal Bone : External Surface.
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Borders. The superior, the longest and thickest, is dentated to articulate with
its fellow of the opposite side, forming the sagittal suture. The nferior is
divided into three parts; of these, the anterior is thin and pointed, bevelled at the
expense of the outer surface, and overlapped by the tip of the great wing of the
sphenoid ; the middle portion is arched, bevelled at the expense of the outer
surface, and overlapped by the squamous portion of the temporal; the posterior
portion being thick and serrated for articulation with the mastoid portion of the
temporal. The anterior border, deeply serrated, is bevelled at the expense of the
outer surface above, and of the inner below; it articulates with the frontal bone,
forming the coronal suture. The posterior border, deeply denticulated, articulates
with the occipital, forming the lambdoid suture.

Angles. The anterior superior, thin and pointed, corresponds with that portion
of the skull which in the foetus is membranous, and is called the anterior . fon-
tamelle. 'The anterior inferior angle is thin and lengthened, being received in the
interval between the great wing of the sphenoid and the frontal. Tts inner
surface is marked by a deep groove, sometimes a canal, for the anterior branch of
the middle meningeal artery. The posterior superior angle corresponds with the
junction of the sagittal and lambdoid sutures. In the foetus this part of the skull
1s membranous, and is called the posterior fontanelle. The posterior inferior
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angle articulates with the mastoid portion of the temporal bone, and generally
presents on its inner surface a broad shallow groove for lodging part of the lateral
sinus.

Development. The parietal bone is formed in membrane, being developed by
one centre, which corresponds with the parietal eminence, and makes its first
appearance about the fifth or sixth week of feetal life. Ossification gradually

Fig. 26.—Left Parietal Bone: Internal Surface.
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extends from the centre to the circumference of the bone, the angles are conse-
quently the parts last formed, and it is in their situation, that the fontanelles exist,
previous to the completion of the growth of the bone.

Articulations. With five bones; the opposite parietal, the oceipital, frontal,
temporal, and sphenoid.

Attachment of Muscles. To one only, the Temporal.

THE FRONTAL BONE.

This bone, which resembles a cockle-shell in form, consists of two portions—
a vertical or frontal portion, situated at the anterior part of the cranium, forming
the forehead ; and a horizontal or orbito-nasal portion, which enters into the forma.
tion of the roof of the orbits and nose.

Vertical Portion. External Surface (fig. 27). In the median line, traversing
the bone from the upper to its lower part, is occasionally seen a slightly elevated
ridge, and in young subjects a suture, which represents the point of union of the
two lateral halves of which the bone consists at an early period of life; in the
adult, this suture usually disappears, excepting below. ~On either side of this
ridge, a little below the centre of the bone, is a rounded eminence, the frontal
eminence. These eminences vary in size in different individuals, and are occa-
sionally unsymmetrical in the same subject. They are especially prominent in
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cases of well-marked cerebral development. The whole surface of the bone above
this part is smooth, and covered by the aponeurosis of the Oceipito-frontalis
muscle. Below the frontal eminence, and separated from it by a slight groove, is
the.- superciliary ridge, broad internally where it is continuous with the nasal
eminence, but less distinct as it arches outwards. These ridges are caused by the
projection outwards of the frontal sinuses.” Beneath the superciliary ridge is the
supra-orbital arch, a curved and prominent margin, which forms the upper
boundary of the orbit, and separates the vertical from the horizontal portion of
the bone. The outer part of the arch is sharp and prominent, affording to the
eye, in that situation, considerable protection from injury; the inner part is less
prominent. At the inner third of this arch is a notch, sometimes converted into

Tig. 27.—Frontal Done: Outer Surface.
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a foramen by a bony process or ligament, and called the supra-orbital noich or
foramen. 1t transmits the supra-orbital artery, veins, and nerve. A small
aperture is seen in the upper part of the notch, which transmits a vein from the
diploé to join the ophthalmic vein. The supra-orbital arch terminates externally
in the external angular process, and internally in the interal angular process.
The external angular process is strong, prominent, and articulates with the malar
bone: running upwards and backwards from it is a sharp curved crest, the tem-
poral ridge, for the attachment of the temporal fascia; and beneath it a slight
concavity, that forms the anterior part of the temporal fossa, and gives origin to
the Temporal muscle. The internal angular processes are less marked than the
external, and articulate with the lachrymal bones. Between the two is a rough,
uneven interval, the nasal notch, which articulates in the middle line with the
nasal, and on either side with the nasal process of the superior maxillary bone.
The notch is continuous below, with a long pointed process, the nasal spine.
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Vertical Portion. Internal Surface (fig. 28). Along the middle line is a vertical
groove, the edges of which unite below to form a ridge, the frontal crest; the
groove lodges the superior longitudinal sinus, whilst its edges afford attachment
to the falx cerebri. The crest terminates below at a small opening, the foramen
ceecum, which is generally completed behind the ethmoid. This foramen varies
in size in different subjects, is usually partially, or completely, impervious; lodges
a process of the falx cerebri, and, when open, transmits a vein from the lining
membrane of the nose to the superior longitudinal sinus. On either side of the
groove, the bone is deeply concave, presenting eminences and depressions for the
convolutions of the brain, and numerous small furrows for lodging the ramifica-
tions of the anterior meningeal arteries. Several small, irregular fossz are also
seen on either side of the groove, for the reception of the Pacchionian bodies.

Fig. 28.—Frontal Bone. Inner Surface.
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Horizontal Portion; external Surface. This portion of the bone consists of
two thin plates, which form the vault of the orbits, separated from one another by
the ethmoidal notch. Hach orbital vault consists of a smooth, concave, triangular
plate of bone, marked at its anterior and external part, immediately beneath the
external angular process, by a shallow depression, the lachrymal fossa, for lodging
the lachrymal gland; and at its anterior and internal part, by a depression, some-
times a small tubercle, for the attachment of the fibrous pulley of the Superior
oblique muscle.. The ethmoidal notch separates the two orbital plates: it is
quadrilateral, and filled up, when the bones are united, by the cribriform plate of
the ethmoid. The margins of this notch present several half-cells, which, when
united with corresponding half-cells on the upper surface of the ethmoid, complete
the ethmoidal cells: two grooves are also seen crossing these edges transversely ;

5
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they are converted into canals by articulation with the ethmoid, and are called
the anterior and posterior ethmoidal canals; they open on the inner wall of the
orbit. The anterior one transmits the nasal nerve and anterior ethmoidal vessels;
the posterior one, the posterior ethmoidal vessels. In front of the ethmoidal
notch is the nasal spine, a sharp-pointed eminence which projects downwards and
forwards, and articulates in front with the crest of the nasal bones; behind, it is
marked by two grooves, separated by a vertical ridge: the ridge articulates with
the perpendicular lamella of the ethmoid, the grooves form part of the roof of the
nasal fossee. On either side of the base of the nasal spine are the openings of the
frontal sinuses. These are two irregular cavities, which extend upwards and
outwards, a variable distance, between the two tables of the skull, and are separated
from one another by a thin bony septum. They give rise to the prominences
above the root of the nose, called the nasal eminences and superciliary ridges. In
the child they are generally absent, and they become gradually developed as age
advances. These cavities vary in size in different persons, are larger in men than
in women, and are frequently of unequal size on the two sides, the left being
commonly the larger. Occasionally they are subdivided by incomplete bony
laminze. They are lined by mucous membrane; and communicate with the nose
by the infundibulum, and occasionally with each other by apertures in the septum.

The Internal Surface of the horizontal portion presents the convex upper
surfaces of the orbital plates, separated from each other in the middle line by the
ethmoidal notch, and marked by eminences and depressions for the convolutions
of the anterior lobes of the brain.

Borders. The border of the vertical portion is thick, strongly serrated, bevelled
at the expense of the internal table above, where it rests upon the parietal, at the
expense of the external table at each side, where it receives the lateral pressure of
those bones: this border is continued below, into a triangular rough surface, which
articulates with the great wing of the sphenoid. The border of the horizontal
portion is thin, serrated, and articulates with the lesser wing of the sphenoid.

Structure. The vertical portion, and external angular processes, are very thick,
consisting of diploic tissue contained between two compact lamine. The hori-
zontal portion is thin, translucent, and composed entirely of compact tissue; hence
the facility with which instruments can penetrate the cranium through this part
of the orbit. ,

Development (fig. 29). The frontal bone is formed in membrane, being

developed by two centres, one for each
Fig. 29.—Frontal Bone at Birth. lateral half, which make their appearance,
Developed by two lateral Halves. at an early period of feetal life, in the situ-
ation of the orbital arches. From this
point, ossification extends, in a radiating
‘manner, upwards into the forehead, and
backwards over the orbit. At birth, it
consists of two pieces, which afterwards
become united along the middle line, by
a suture which runs from the vertex to
the root of the nose. This suture be-
comes obliterated within a few years after
birth; butit occasionally remains through-
out life.

Articulations. With twelve bones: two
parietal, sphenoid, ethmoid, two nasal,
two superior maxillary, two lachrymal, and two malar.

Attachment of Muscles. 'To three pairs: the Corrugator supercilii, Orbicularis
palpebrarum, and Temporal.
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TaE TEMPORAL BONES.

The Temporal Bones are so called because they occupy that part of the head
on which the hair first begins to turn gray, thus indicating the age. They are
situated at the side and base of the skull, and present for examination a sguamous,
mastoid, and petrous portion.

The Squamous Portion (squama, a scale), the most anterior and superior part of
the bone (fig. 80), is scale-like in form, thin and translucent in texture. Its outer
surface is smooth, convex, and grooved at its back patt for the deep temporal
arteries; it -affords attachment to the Temporal muscle, and forms part of the
temporal fossa. At its back part may be seen a curved ridge, part of the tem-
poral ridge; it serves for the attachment of the temporal fascia, limits the origin
of the Temporal muscle, and marks the boundary between the squamous and
mastoid portions of the bone. Projecting from the lower part of the squamous

Fig. 30.—Left Temporal Bone. OQuter Surface.
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portion is a long arched outgrowth of bone, the zygomatic process. It is at first
directed outwards, its two surfaces looking upwards and downwards; it then appears
as 1f twisted upon itself; and takes a direction forwards, its surfaces now looking
inwards and outwards. The superior border of this process is long, thin, and
sharp, and serves for the attachment of the temporal fascia. The inferior, short,
thick, and arched, has attached to it some fibres of the Masseter muscle. Its outer
surface is convex and subcutaneous; its inner is concave, and also affords attachment
to the Masseter. The extremity, broad, and deeply serrated, articulates with the
malar bone. This process is connected to the temporal bone by three divisions,
called the roots of the zygomatic process, an anterior, middle, and posterior. The
anterior, which is short, but broad and strong, runs transversely inwards into a
rounded eminence, the eminentia articularis. This eminence forms the front
boundary of the glenoid fossa, and in the recent state is covered with cartilage.
The middle root forms the outer margin of the glenoid cavity; running obliquely
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Inwards it terminates at the commencement of a well-marked fissure, the Glaserian
fissure ; whilst the posterior root, which is strongly marked, runs from the upper
border of the zygoma, in an arched direction, upwards and backwards, forming the
posterior part of the temporal ridge. At the junction of the anterior root with
the zygoma is a projection, called the tubercle, for the attachment of the external
lateral ligament of the lower jaw; and between the anterior and middle roots is
an oval depression, forming part of the glenoid fossa (ywivn, @ shallow pit) for the
reception of the condyle of the lower jaw. This fossa is bounded, in front, by the
eminentia articularis; behind, by the vaginal process; and, externally, by the
auditory process, and middle root of the zygoma; and is divided into two parts
by a narrow slit, the Glaserian fissure : the anterior part, formed by the squamous
portion of the bone, is smooth, and covered in the recent state with cartilage, and
articulates with the condyle of the lower jaw. This part of the glenoid fossa is
separated from the auditory process, by a small tubercle, the post-glenoid process,

Fig. 31.—Left Temporal Bone. Inner Surface.
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the representative of a prominent tubercle which, in some of the mammalia,
descends behind the condyle of the jaw, and prevents it being displaced backwards
during mastication (Humphry). The posterior part of the glenoid fossa is formed
chiefly by the vaginal process of the petrous portion, and lodges part of the parotid
gland. The Glaserian fissure, which leads into the tympanum, lodges the pro'-
cessus gracilis of the malleus, and transmits the Laxator tympani muscle and the
anterior tympanic artery. The chorda tympani nerve passes through a separate
canal parallel to the Glaserian fissure (canal of Huguier), on the outer side of the
Eustachian tube, in the retiring angle between the squamous and petrous portions
of the temporal bone.

The ¢nternal surface of the squamous portion (fig. 31) is concave, presents
numerous eminences and depressions for the convolutions of the cerebrum, and
two well-marked grooves for branches of the middle mehingeal artery. ’

Borders. The superior border is thin, bevelled at the expense of the internal
surface, so as to overlap the lower border of the parietal bone, forming the
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squamous- suture. The anterior inferior border is thick, sérrated, and bevelled
alternately at the expense of the inner and outer surfaces, for articulation with
the great wing of the sphenoid.

The Mastoid Portion (uoswos, a nipple or teat) is situated at the posterior part of
the bone; its outer surface is rough, and perforated by numerous foramina. One
of these, of large size, situated at the posterior border of the bone, is termed the
mastord fommen it transmits a vein to the lateral sinus and a small artery.
The position and size of this foramen are very variable, being sometimes situated
in the occipital bone, or in the suture between the temporal and the occipital.
The mastoid portion is continued below into a conical projection, the mastoid pro-
cess, the size and form of which vary somewhat in different individuals. This
process serves for the attachment of the Sterno-mastoid, Splenius capitis, and
Trachelo-mastoid muscles. On the inner side of the mastoid process 1s a deep
groove, the digastric fossa, for the attachment of the Digastric muscle; and running
parallel with it, but more internal, the occipital groove, which 1odges the occipital
artery. The internal surface of the mastoid portion presents a deeply curved
groove, which lodges part of the lateral sinus; and into it may be seen opening
the mastoid foramen. A section of the mastoid process shows it to be hollowed
out into a number of cellular spaces, communicating with each other, called the
mastoid cells ; they open by a single or double orifice into the back of the tym-
panum ; are fined by a prolongation of its lining membrane ; and, probably, form
some secondary part of the organ of hearing. The mastoid oells like the other
sinuses of the cranium, are not developed until after puberty; hence the promi-
nence of this proeess in the adult.

Borders. The superior border of the mastoid portion is broad and rough, its
serrated edge sloping outwards, for articulation with the posterior inferior angle
of the parietal bone. The posterior border, also uneven and serrated, articulates
with the inferior border of the occipital bone between its lateral angle and jugular
process. ‘ '

The Petrous Portion (nrérpos, @ rock), so named from its extreme density and
hardness, is a pyramidal process of bone, wedged in at the base of the skull between
the sphenoid and occipital bones. Its direction from without is forwards, inwards,
and a little downwards. It presents for examination a base, an apex, three sur-
faces, and three borders; and contains, in its interior, the essential parts of the
organ of hearing. The base is applied against the internal surface of the squamous
and mastoid portions, its upper half being concealed ; but its lower half is exposed
by their divergence, which brings into view the oval expanded orifice of a canal
leading into the tympanum, the meatus auditorius externus. This canal is situated
between the mastoid process and the posterior and middle roots of the zygoma ;
its upper margin is smooth and rounded, but the greater part of its circumference
is surrounded by a curved plate of bone the auditory process, the free margin of
which is thick and rough for the attachment of the cartilage of the external ear.

The apex of the petrous portion, rough and uneven, is received into the angular
interval between the spinous process of the sphenoid, and the basilar process of
the occipital ; it presents the anterior orifice of the carotid canal, and forms the
posterior and external boundary of the foramen lacerum medium.

The anterior surface of the petrous portion (fig. 31) forms the posterior
boundary of the middle fossa of the skull. This surface is continuous with the
squamous portion, to which it is united by a suture, the temporal suture, the
remains of which are distinct at a late period of life. This surface presents six
points for examination. 1. An eminence near the centre which indicates the
situation of the superior semicircular canal. 2. On the outer side of this eminence
is a depression, indicating the position of the tympanum, the layer of bone which
separates the tympanum from the cranial cavity being extremely thin. 3. A
shallow groove, sometimes double, leading backwards to an oblique opening, the
hiatus I"Lllopn, for the passage of the petrosal branch of the Vidian nerve. 4.
A smaller opening, occasionally seen external to the latter for the passage of the
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i ermination of
smaller petrosal nerve. 5. Near the apex of the bpna: 1§ Sigenrtl fl};l(;’rf)nt. 6. Above
the carotid canal, the wall of which in this situation 1sf te}zl eOCasserian ariglivn,
this canal is a shallow depression for the reception o o e OF e
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lodges the internal jugular vein, and, with a sir%ilar depression on the margin of
the oceipital bone, forms the foramen lacerum posterius. 5. A small foramen for
the passage of Jacobson’s nerve (the tympanic branch of the glosso-pharyngeal).
This is seen in front of the bony ridge dividing the carotid canal from the jugular
fossa. 6. A small foramen seen on the inner wall of the jugular fossa, for the
entrance of the auricular branch of the pneumogastric (Arnold’s) nerve. 7. Behind
the jugular fossa is a smooth square-shaped facet, the jugular surface ; it is covered
with cartilage in the recent state, and articulates with the jugular process of the
oceipital bone. 8. The vaginal process, a very broad sheath-like plate of bone,
which extends from the carotid canal to the mastoid process; it divides behind
into two lamins, receiving between them the 9th point for examination, the styloid
process; a long sharp spine, about an inch in length, continuous with the vaginal
process, between the lamins of which it is received, and directed downwards,
forwards, and inwards. It varies in size and shape; and sometimes consists of
several pieces united by cartilage. It affords attachment to three muscles, the
Stylo-pharyngeus, Stylo-glossus, and Stylo-hyoideus; and two ligaments, the stylo-
hyoid, and stylo-maxillary. 10. The stylo-mastoid foramen, a rather large orifice,
placed between the styloid and mastoid processes; it is the termination of the
aqueductus Fallopii, and transmits the facial nerve, and stylo-mastoid artery.
11. The auricular fissure, situated between the vaginal and mastoid processes, for
the exit of the auricular branch of the pneumogastric nerve. ,
Borders. The superior, the longest, is grooved for the superior petrosal sinus,
and has attached to 1t the tentorium cerebelli: at its inner extremity is a semilunar
notch, upon which reclines the fifth nerve. The posterior border is intermediate
in length between the superior and the anterior. Its inner half is marked by a
groove, which, when completed by its articulation with the occipital, forms the
channel for the inferior petrosal sinus. Its outer half presents a deep excavation,
the jugular fossa, which, with a similar notch on the occipital, forms the foramen
lacerum posterius. A projecting eminence of bone occasionally stands out from
the centre of the mnotch, and divides the foramen into two parts. The anterior
border is divided into two parts, an outer, joined to the squamous portion by a
suture, the remains of which are distinct; an inner, free, articulating with the
spinous process of the sphenoid. At the angle of junction of these two parts, are
seen two canals, separated from one another by a thin plate of bone, the processus
cochleariformis; they both lead into the tympanum, the upper one transmitting
the Tensor tympani muscle, the lower
one the Hustachian tube. Fig. 33.—Development of Temporal Bone.
Structure. The squamous portion is By four Centres.
like that of the other cranial bones,
the mastoid portion cellular, and the
petrous portion dense and hard.
Development (fig. 83). The tempo-
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. .
1s grooved along its concave surface for the attachment of the membrana tympani,
and becomes united by its extremities to the squamous portion during the last
months of intra-uterine life. The petrous and mastoid portions then become
ossified, and lastly the styloid process, which remains separate a considerable
period, and is occasionally never united to the rest of the bone. At birth, the
temporal bone, excluding the styloid process, is formed of three pieces, the
squamous and zygomatic, the petrous and mastoid, and the ‘auditory. The
auditory process joins with the squamous at about the ninth month. The petrous
and mastoid join with the squamotus during the first yedr, and the styloid process
becomes united between the second and third years. The subsequent changes in this
bone are-the extension outwards of the auditory process, so as to form the meatus
auditorius; the glenoid fossa becomes deeper; and the mastoid part, which at an
early period of life is quite flat, enlarges from the development of numerous
cellular cavities in its interior.

Articulations. 'With five bones, occipital, parietal, sphenoid, inferior maxillary
and malar.

Attachment of Muscles. To the squamous portion, the Temporal; to the zygoma,
the Masseter; to the mastoid portion, the Oceipito-frontalis, Sterno-mastoid,
Splenius capitis, Trachelo-mastoid, Digastricus and Retrahens aurem; to the
styloid process, the Stylo-pharyngeus, Stylo-hyoideus and Stylo-glossus; and to
the petrous portion, the Levator palati, Tensor tympani, and Stapedius.

THE SPHENOID BONE.

The Sphenoid bone (sp9v, a wedge; sidos, likeness) is situated at the anterior part
of the base of the skull, articulating with all the other cranial bones, which it
binds firmly and solidly together. In its form it somewhat resembles a bat, with
its wings extended; and is divided into a central portion or body, two greater
and two lesser wings extending outwards on each side of the body; and two
processes, the pterygoid processes, which project from it below.

The Body is of large size, quadrilateral in form, and hollowed out in its interior
so as to form a mere shell of bone. It presents for examination four surfaces—
a superior, an inferior, an anterior, and a posterior.

The superior surface (fig. 84). From before, backwards, is seen a prominent
spine, the ethmoidal spine, for articulation with the ethmoid ; behind this a smooth

Fig. 34.—Sphenoid Bone. Superior Surface.
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surface presenting, in the median line, a slight longitudinal”eminence, with a
depression on each side, for lodging the olfactory nerves. A narrow transverse
groove, the optic groove, bounds the above-mentioned surface behind; it lodges
the optic commissure, and terminates on either side in the optic foramen, for the
passage of the optic nerve and ophthalmic artery. Behind the optic groove is a
small eminence, olive-like in shape, the olivary process; and still more posteriorly,
a deep depression, the pituitary fossa, or sella Turcica, which lodges the pituitary
body. This fossa is perforated by numerous foramina, for the transmission of
nutrient vessels to the substance of the bone. It is bounded in front by two small
eminences, one on either side, called the middle clinoid processes (xaivy, @ bed),
and behind by a square-shaped plate of bone, terminating at each superior angle
in a tubercle, the posterior clinoid processes, the size and form of which vary
considerably in different individuals. These processes deepen the pituitary fossa,
and serve for the attachment of prolongations from the tentorium. The sides of
the plate of bone supporting the posterior clinoid processes are notched, for the
passage of the sixth pair of nerves; and behind, it presents a shallow depression,
which slopes obliquely backwards, and is continuous with the basilar groove of
the occipital bone; it supports the medulla oblongata. On either side of the body
1s a broad groove, curved somewhat like the italic letter /; it lodges the internal
carotid artery and the cavernous sinus, and is called the cavernous groove. The

Fig. 35.—Sphenoid Bone. Anterior Surface.
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postertor surface, quadrilateral in form, articulates with the basilar process of the
occipital bone. During childhood, a separation between these bones exists by
means of a layer of cartilage; but in after-life this becomes ossified, ossification
commencing above, and extending downward, and the two bones are then im-
movably connected together. The anterior surface (fig. 85) presents, in the
middle line, a vertical lamella of bone, which articulates in front with the per-
pendicular plate of the ethmoid, forming part of the septum of the nose. On
either side of it are the irregular openings leading into the sphenoidal sinuses.
These are two large irregular cavities, hollowed out of the interior of the body
of the sphenoid bone, and separated from one another by a more or less complete
perpendicular bony septum. Their form and size vary considerably; they are
seldom symmetrical, and are often partially subdivided by irregular osseous
laminge. Occasionally they extend into the basilar process of the occipital nearly
as far as the foramen magnum. The septum is seldom quite vertical, commonly
being bent to one or the other side. These sinuses do not exist in children; but
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they increase in size as age advances. They are partially closed, in front and
belo_W, by two thin curved plates of bone, the sphenoidal turbinated bon_eS;
leaving a round opening at their upper parts, by which they communicate with
the upper and back part of the nose, and occasionally with the posterior ethmoidal
cells. The lateral margins of this surface present a serrated edge, which articu-
lates with the os planum of the ethmoid, completing the posterior ethmoidal cells;
the lower margin, also rough and serrated, articulates with the orbital process of
the palate bone; and the upper margin with the orbital plate of the frontal bone.
The inferior surface presents, in the middle line, a triangular spine, the rostrum,
which is continuous with the vertical plate on the anterior surface, and is received
into a deep fissure between the ale of the vomer. On each side may be seen a
projecting lamina of bone, which runs horizontally inwards from near the base of
the pterygoid process: these plates, termed the vaginal processes, articulate with
the edges of the vomer. Close to the root of the pterygoid process is a groove,
formed into a complete canal when articulated with the sphenoidal process of the
palate bone; it is called the pterygo-palatine canal, and transmits the pterygo-
palatine vessels and pharyngeal nerve.

The Greater Wings are two strong processes of bone, which arise at the sides
of the body, and are curved in a direction upwards, outwards, and backwards;
being prolonged behind into a sharp-pointed extremity, the spinous process of the .
sphenoid. Hach wing presents three surfaces and a circumference. The superior
or cerebral surface forms part of the middle fossa of the skull; it is deeply
concave, and presents eminences and depressions for the convolutions of the brain.
At its anterior and internal part is seen a circular aperture, the foramen
rotundum, for the transmission of the second division of the fifth nerve. Behind
and external to this, is a large oval foramen, the foramen ovale, for the transmission
of the third division of the fifth, the small meningeal artery, and the small petrosal
nerve. At the inner side of the foramen ovale, a small aperture may occasionally
be seen opposite the root of the pterygoid process; it is the foramen Vesalil
transmitting a small vein. Lastly, in the apex of the spine of the sphenoid is a
short canal, sometimes double, the foramen spinosum; it transmits the middle
meningeal artery. The external surface is convex, and divided by a transverse
ridge, the pterygoid ridge, into two portions. The superior or larger, convex
from above downwards, concave from before backwards, enters into the formation
of the temporal fossa, and attaches part of the Temporal muscle. The inferior
portion, smaller in size and concave, enters into the formation of the zygomatic
fossa, and affords attachment to the External pterygoid muscle. It presents, at
its posterior part, a sharp-pointed eminence of bone, the spinous process, to which
are connected the internal lateral ligament of the lower jaw, and the Laxator
tympani muscle. The pterygoid ridge, dividing the temporal and zygomatic
portions, gives attachment to part of the Hxternal pterygoid muscle. At its inner
extremity is a triangular spine of bone, which serves to increase the extent of
origin of this muscle. The anterior or orbital surface, smooth and quadrilateral
in form, assists in forming the outer wall of the orbit. It is bounded above by a
serrated edge, for articulation with the frontal bone; below, by a rounded border,
which enters into the formation of the spheno-maxillary fissure; internally, it
enters into the formation of the sphenoidal fissure ; whilst externally it presents a
serrated margin, for articulation with the malar bone. At the upper part of the
inner border is a notch, for the transmission of a branch of the ophthalmic artery;
and at its lower part a small pointed spine of bone, which serves for the attachment
of part of the lower head of the Eixternal rectus muscle. One or two small foramina
may occasionally be seen, for the passage of arteries; they are called the external
orbitar foramina. Circumference: from the body of the sphenoid to the spine,
commencing frem behind, the outer half of this margin is serrated, for articula-
tion with the petrous portion of the temporal bone; whilst the inner half forms
the anterior boundary of the foramen lacerum medium, and presents the posterior
aperture of the Vidian canal. In front of the spine, the circumference of the
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great wing presents a serrated edge, bevelled at the expense of the inner table
below, and of the external above, which articulates with the squamous portion of
the temporal bone. At the tip of the great wing a triangular portion is seen,
bevelled at the expense of the internal surface, for articulation with the anterior
inferior angle of the parietal bone. Internal to this is a broad serrated surface,
for articulation with the frontal bone: this surface is continuous internally with
the sharp inner edge of the orbital plate, which assists in the formation of the
sphenoidal fissure.

The Lesser Wings (processes of Ingrassias) are two thin triangular plates of
bone, which arise from the upper and lateral parts of the body of the sphenoid;
and, projecting transversely outwards, terminate in a more or less acute point.
The superior surface of each is smooth, flat, broader internally than externally,
and supports the anterior lobe of the brain. The inferior surface forms the back
part of the roof of the orbit, and the upper boundary of the sphenoidal fissure or
foramen lacerum anterius. This fissure is of a triangular form, and leads from
the cavity of the cranium into the orbit; it is bounded internally by the body of
the sphenoid; above, by the lesser wing; below, by the orbital surface of the
greater wing; and is converted into a foramen by the articulation of this bone
with the frontal. It transmits the third, fourth, ophthalmic division of the fifth and
sixth nerves, and the ophthalmic vein. The anterior border of the lesser wing is
serrated, for articulation with the frontal bone ; the posterior, smooth and rounded,
is received into the fissure of Sylvius of the brain. The inner extremity of this
border forms the anterior clinoid process. The lesser wing is connected to the
side of the body by two roots; the upper thin and flat, the lower thicker, obliquely
directed, and presenting on its outer side, near its junction with the body, a small
tubercle, for the attachment of the common tendon of the muscles-of the eye.
Between the two roots is the optic foramen, for the transmission of the optic nerve
and ophthalmic artery.

The Pterygoid processes (nréip§, @ wing, 8o, likeness), one on each side«(fig. 36),
descend perpendicularly from '
the point where the body and Fig. 36.—Sphenoid Bone. Posterior Surface.
great wing unite. Hach pro- ,
cess consists of an extefnal :
and an internal plate, separ-
ated behind by an interven-
ing notch, the pterygoid fossa;
but joined partially in front.
The external pteryqgoid plate is
broad and thin, turned a little
outwards, and forms part of
the inner wall of the zygo-
matic fossa. It gives attach-
ment, by its outer surface, to
the Kxternal pterygoid; its
inner surface forms part of
the pterygoid fossa, and gives
attachment to the Internal
pterygoid. The vnternal pterygoid plate is much narrower and longer, curving
outwards, at its extremity, into a hook-like process of bone, the hamular process,
around which turns the tendon of the Tensor palati muscle. At the base of this
plate is a small, oval, shallow depression, the scaphoid fossa, from which arises the
Tensor palati, and above which is seen the posterior orifice of the Vidian canal.
The outer surface of this plate forms part of the pterygoid fossa, the inner sur-
face forming the outer boundary of the posterior aperture of the nares. The
two pterygoid plates are separated below by an angular interval, in which the
pterygoid process, or tuberosity, of the palate bone is received. The anterior
surface of the pterygoid process is very broad at its base, and forms the pos-
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terior wall of the spheno-maxillary fossa; it supports Meckel’s ganglion. It
presents, above, the ‘anterior orifice of the Vidian ‘canal ; and, below, a rough
margin, which articulates with the perpendicular plate of the palate bone.
Development. The sphenoid bone is developed by ten centres, six for the pos-
terior sphenoidal division, and four for the anterior sphenoidal. The six centres
for the posterior sphenoidal division are, one for each greater wing and external
pterygoid plate ; one for each internal ptery-
Fig. 37.—Plan of the Development of goid plate; two for pOStel'iOI‘ part of the
ol i iR Ger it body. The four for the anterior sphe-
noidal are, one for each lesser wing and
anterior part of the body; and omne for
each sphenoidal turbinated bone. Ossifi-
cation takes place in these pieces in the
following order: the greater wing and ex-
ternal pterygoid plate are first formed,
ossific granules being deposited close to the
foramen rotundum on each side, at about
the second mionth of foetal life; ossification
spreading outwards into the great wing,
and downwards into the external pterygoid
plate. Kach internal pterygoid plate is
then formed, and becomes united to the external about the middle of foetal life.
The two centres for the posterior part of the body appear as separate nuclei, side
by side, beneath the sella Turcica; they join about the middle of feetal life into
a single pilece, which remains ununited to the rest of the bone wuntil after birth.
Bach lesser wing is formed by a separate centre, which appears on the outer side
of the optic foramen, at about the third month; they become united and join
with the body at about the eighth month of feetal life. At about the end of the
third year, ossification has made its appearance in the sphenoidal spongy bones.
At birth, the sphenoid consists of three pieces; viz., the greater wing and
pterygoid processes on each side; the lesser wings and body united. At the first
year after birth, the greater wings and body are united. From the tenth to the
twelfth year, the spongy bones are partially united to the sphenoid, their junction
being complete by the twentieth year. Lastly, the sphenoid joins the occipital.
Articulations. The sphenoid articulates with all the bones of the cranium, and
five of the face; the two malar, two palate, and vomer. The exact extent of articu-
lation with each bone is shown in the accompanying figures.
Attachment of Muscles. The Temporal, External pterygoid, Internal pterygoid,
Superior constrictor, Tensor palati, Laxator tympani, Levator palpebree, Obliquus
superior, Superior rectus, Internal rectus, Inferior rectus, External rectus.
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THE SPHENOIDAL SPONGY BONES.

The Sphenoidal Spongy Bones are two thin, curved plates of bone, which exist
as separate pieces until puberty, and occasionally are not joined to the sphenoid
in the adult. They are situated at the anterior and inferior part of the body of
the sphenoid, an aperture of variable size being left in their anterior wall through
which the sphenoidal sinuses open into the nasal fossee. They are irregular in
form, and taper to a point behind, being broader and thinner in front. Their
inner surface, which looks towards the cavity of the sinus, is concave ; their outer
surface convex. Hach bone articulates in front with the ethmoid, externally with
the palate; behind, its point is placed above the vomer, and is received between
the root of the pterygoid process on the outer side, and the rostrum of the sphe-
noid on the inner.



ETHMOID BONE. (i

Tar ETEMoidD BONE.

The Ethmoid (76uss, a sieve) is an exceedingly light spongy bone, of a cubical
form, situated at the anterior part of the base of the cranium, between the two
orbits, at the root of the nose,
and ContribUting to form each Fig. 38.—Ethmoid Bone. Outer Surface of Right Lateral

of these cavities, It consists Mass (enlarged).
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The Horizontal or Cribri-
form Plate (fig. 88) forms
part of the anterior fossa of
the base of the skull, and is
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cess of bone, the crista galli,
so called from its resemblance
to a cock’s comb. Its base joing the cribriform plate. Its posterior border, long,
thin, and slightly curved, serves for the attachment of the falx cerebri. Its
anterior border, short and thick, articulates with the frontal bone, and presents
two small projecting als, which are received into corresponding depressions in
the frontal, completing the foramen cwcum behind. TIts sides are smooth, and
sometimes bulging, when it is found to inclose a small sinus. On each sidé of
the crista galli, the cribriform plate is narrow, and deeply grooved, to support
the bulb of the olfactory nerves, and is perforated by foramina for the passage of
its filaments. These foramina are arranged in three rows; the innermost, which
are the largest and least numerous, are lost in grooves on the upper part of the
septum; the foramina of the outer row are continued on to the surface of the upper
spongy bone. The foramina of the middle row are the smallest ; they perforate the
bone, and transmit nerves to the roof of the nose. At the front part of the cribri-
form plate, on each side
of the crista galli; is a Fig. 39.—Perpendicular Plate of Ethmoid (enlarged). Shown by
small fissure, which removing the Right Lateral Mass.
transmits the mnasal
branch of the ophthal-
mic nerve; and at its
posterior part a trian-
gular notch, which re-
ceives the ethmoidal
spine of the sphenoid.
The  Perpendicular
Plate (fig. 39) is a thin
flattened  lamella of
bone, which deseends IR =
from the under surface °
of the cribriform plate,
and assists in forming
the septum of the nose.
It is much thinner in :
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circumference, and is generally deflected a little to ome side. Its anterior border
articulates with the frontal spine and crest of the nasal bones. Its posterior,
divided into two parts, is connected by its upper half with the rostrum of the
sphenoid ; by its lower half with the vomer. The inferior border serves for the
attachment of the triangular cartilage of the nose. On each side of the perpen-
dicular plate numerous grooves and canals are seen, leading from foramina on
the cribriform plate; they lodge filaments of the olfactory nerves.

The Lateral Masses of the ethmoid consist of a number of thin-walled cellular
cavities, the ethmoidal cells, interposed between two vertical plates of bome, the
outer one of which forms part of the orbit, and the inner one part of the nasal
fossa of the corresponding side. In the disarticulated bone, many of these cells
appear to be broken; but when the bones are articulated, they are closed in in
every part. The upper surface of each lateral mass presents a number of apparently
half-broken cellular spaces; these, however, are completely closed in when articu-
lated with the edges of the ethmoidal fissure of the frontal bone. Crossing this
surface are two grooves on each side, converted ‘into canals by articulation with
the frontal; they are the anterior and posterior ethmoidal foramina, and open
on the inner wall of the orbit. The posterior surface also presents large irregular
cellular cavities, which are closed in by articulation with the sphenoidal turbi-
nated bones, and orbital process of the palate. The cells at the anterior surface
are completed by the lachrymal bone and nasal process of the superior maxillary,
and those below also by the superior maxillary. The outer surface of each lateral
mass is formed of a thin smooth square plate of bone, called the os planum; it
forms part of the inner wall of the orbit, and articulates above with the orbital
plate of the frontal; below, with the superior maxillary and orbital process of the
palate ; in front, with the lachrymal; and behind, with the sphenoid.

From the inferior part of each lateral mass, immediately beneath the os planum,
there projects downwards and backwards an irregular lamina of bone, called
the wnciform process, from its hook-like form ; it serves to close in the upper part

of the orifice of the antrum, and arti-
Fig. 40.—Ethmoid Bone. Inner Surface of Right  culates with the ethmoidal process of
Lateral MaseiCrazest). the inferior tnrbinated bone.

The inner surface of each lateral
mass forms part of the outer wall of
the nasal fossa of the corresponding
side. It is formed of a thin lamella
of bone, which descends from the.
under surface of the cribriform plate,
and terminates below in a free convo-
luted margin, the middle turbinated
bone. The whole of this surface is
rough, and marked above by numerous
grooves which run nearly vertically
downwards from the cribriform plate;
they lodge branches of the olfactory nerve, which are distributed on the mucous
membrane covering the bone. The back part of this surface is subdivided by a
narrow,oblique fissure, the superior meatus of the nose, bounded above by a thin
curved plate of bone—the superior turbinated bone. By means of an orifice at
the upper part of this fissure, the posterior ethmoidal cells open into the nose.
Below and in front of the superior meatus is seen the convex surface of another
thin convoluted plate of bone—the middle turbinated bone. It extends along the
whole length of the inner surface of each lateral mass; its lower margin is free
and thick, and its concavity, directed outwards, assists in forming the middle
meatus. It is by means of a large orifice at the upper and front part of the
middle meatus, that the anterior ethmoid cells, and through them the frontal sinuses,
by meéans of a funnel-shaped canal, the infundibulum, communicate with the nose.
The cellular cavities of each lateral mass, thus walled in by the os planum on
the outer side, and by its articulation with the other bones already mentioned, are
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divided by a thin transverse bony partition into two sets, which do not commu-
nicate with each other; they are termed the anterior and posterior ethmoidal cells;
the former, the smallest but the most numerous, communicate with the frontal
ginuses above, and the middle meatus below, by means of a long flexuous cellular
canal, the infundibulum; the posterior, the largest and least numerous, open into
the superior meatus, and communicate (occasionally) with the sphenoidal sinuses.

Development. By three centres; one for the perpendicular lamella, and one for

each lateral mass.

The lateral masses are first developed, ossific granules making their first
appearance in the os planum between the fourth and fifth months of feetal life,
and afterwards in the spongy bones. At birth, the bone consists of the two
lateral masses, which are small and ill-developed; but when the perpendicular
and horizontal plates begin to ossify, as they do about the first year after birth,
the lateral masses become joined to the cribriform plate. The formation and
increase in the ethmoidal cells, which complete the formation of the bone, take
place about the fifth or sixth year:

Articulations. 'With fifteen bones; the sphenoid, two sphenoidal turbinated, the
frontal, and eleven of the face—two nasal, two superior maxillary, two lachrymal,
two palate, two inferior turbinated, and vomer.

DEVELOPMENT OF THE CRANIUM.

The development of the cranium takes place at a very early period, on account of the im-
portance of the organ it is intended to protect. In its most rudimentary state, it consists of a
thin membranous capsule; inclosing the cerebrum, and accurately moulded upon its surface.
This capsule is placed external to the dura mater, and in close contact with it; its walls are
continuous with the canal for the spinal cord, and the chorda dorsalis, or primitive part of the
vertebral column, is continued forwards, from the
Spine, along;_ the base,. b0 piks fore }‘)art, where it Fig. 41.—Skull at Birth, showing the Anterior
terminates in a tapering point. The next step AN EOSLi8 o ntan Al S
in the process of development is the formation
of cartilage. This is deposited in the base of
the skull, in two symmetrical segmcnts. one on
cither side of the median line; these subsequently
coalesce, so as to inclose the chorda dorsalis:
the chief part of the cerebral capsule still re-
taining its membranous form. Ossification first
takes place in the roof, and is preceded by the
deposition of a membranous blastema upon the
surface of the cerebral capsule, in which the ossi-
fying process extends ; the primitive membranous
capsule becoming the internal periosteum, and
being ultimately blended with the dura mater.
Although the bones of the vertex of the skull
appcar before those at the base, and make con-
siderable progress in their growth, at birth ossifi-
cation is more advanced in the base, this portion
of the skull forming a solid immovable ground-
work.

TaE FONTANELLES (figs. 41 and 42).

Before birth, the bones at the vertex and side
of the skull are scparated from each other by
membranous intervals, in which bone is deficient.
These intervals, at certain parts, are of consider-
able size, and are termed the fontanelles, so
called from the pulsations of the brain, which
resemble the rising of water at a fountain head.
The fontanclles are four in number, and corre-
spond to the junction of the four angles of the
parietal with the contiguous bones. 'l'he ante-
rior fontanclle is the largest, and corresponds to
the junction of the sagittal and coronal sutures;
the posterior fontanelle, of smaller size, is situ-
ated at the junction of the sagittal and lambdoid
sutures; the two remaining ones are situated at
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the inferior angles of the parietal bone. The latter are closed soon after birth ; the two at the
superior angles remain open longer, the posterior one being closed in a few months after birth,
the anterior one remaining open until the first or second year. These spaces are gradually filled
in by an extension of the ossifying process, or by the development of a Wormian bone. TFine
specimens of large Wormian bones closing in the anterior and posterior fontanelles, and replacing
the anterior inferior angle of the parietal bones, exist in the St. George’s Hospital Museum.
Sometimes, the anterior fontanelle remains open beyond two years, and is occasionally persistent
throughout life.

SUPERNUMERARY OR W ORMIAN BONES,.

‘When ossification of any of the tabular bones of the skull proves abortive, the membranous
interval left unclosed is usually filled in by a supernumerary piece of bone, which is developed
from a separate centre, and gradually extends until it fills in the vacant space. These supernu-
merary pleces are called Wormian bones;' they are called also, from their form, ossa triquetra,
and present much variation in situation, number, and size.

They occasionally occupy the situation of the fontanelles. Bertin, Cruveilhier, and Cuvier
have each noticed the presence of one in the anterior fontanelle. There are two specimens in the
Museum of St. George’s Hospital, which present Wormian bones in this situation. In one, the
skull of a child, the supernumerary piece is of considerable size, and of a quadrangular form.

They are occasionally found in the posterior fonianelle, appearing to replace the superiorangle
of the occipital bone. Not unfrequently, there is one replacing the extremity of the great wing
of the sphenoid, or the anterior inferior angle of the parietal bone, in the fontanelle there situated.

They have been found in the different sutures on the vertex and side of the skull, and in some
of those at the base. They are most frequent in the lambdoid. Ward mentions an instance ‘in
which one half of the lambdoid suture was formed by large Wormian bones disposed in a double
row, and jutting deeply into each other;’ and refers to similar specimens described by Dumontier
and Bourgery.

A deficiency in the ossification of the flat bones would appear in some cases to be symmetrical
on the two sides of the skull; for it is not uncommon to find these supernumerary bones corre-
sponding in form, size, and situation on each side. Thus, in several instances, I have seen a pair
of large Wormian bones symmetrically placed in the lambdoid suture; in another specimen, a
pair in the coronal suture, with a supernumerary bone in the spheno-parietal suture of both sides.

The size of these supernumerary pieces varies, in some cases not being larger than a pin’s head,
and confined to the outer table; in other cases so large, that one pair of these bones formed the
whole of tha‘thortidn of the occipital bone above the superior curved lines, as described by
Béclard and Ward. Their number is generally limited to two or three ; but more than a hundred
have been found in the skull of an adult hydrocephalic skeleton. In their development, struc-
ture, and mode of articulation, they resemble the other cranial bones.

CONGENITAL FISSURES AND GAPs.

Mr. Humphry has called attention to the existence of congenital fissures, not unfrequently
found in the cranial bones, as the result of incomplete ossification. These fissures have been
noticed in the frontal and parietal bones, and the squamous portion of the temporal; they extend
from the margin towards the middle of the bone, and are of great interest in a medico-legal point
of view, as they are liable to be mistaken for fractures. An arrest of the ossifying process may
also give rise to the deficiencies or gaps occasionally found in the cranial bones. Such deficien-
cies are said to occur most frequently when ossification is impérfect, and to be situated near the
natural apertures for vessels. Mr. Humphry describes such deficiencies to exist in a calvarium,
in the Cambridge Museum, where a gap sufficiently large to admit the end of the finger is seen
on either side of the sagittal suture, in the place of the parietal foramen. There is a specimen
precisely similar to this in the Museum of St. George’s Hospital ; and another, in which a small
circular gap exists in the parietal bone of a young child, just above the parietal eminence.
Similar deficiencies are not unfrequently met with in hydrocephalic skulls; being most frequent,
according to Mr. Humphry, in the frontal bones, and in the parietal bones, on either side of the
sagittal suture.

BONES OF THE FACE.

The Facial Bones are fourteen in number, viz.,

Two Nasal, Two Palate,

Two Superior Maxillary, Two Inferior Turbinated,
Two Lachrymal, Vomer,

Two Malar, Inferior Maxillary.

I Wormius, a physician in Copenhagen, is said to have given the first detailed description of
these bones.
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NasA1, BoNES.

The Nasal Bones are two small oblong bones, varying in size and form in different
individuals; they are placed side by side at the middle and upper part of the face,
forming, by their junction, the “bridge” of the nose. Each bone presents for

examination two sur-

Fig. 43.—Right Nasal Bone. faces, and four borders.  Fig. 44.—Right Nasal Bone.

The outer surface 1is
with Frontal B. concave from above
=y downwards, convex
' from side to side; it is
covered by the Com-
—pposite bone.  Pressor naris muscle,
marked by numerous
small arterial furrows,
/ and perforated about
its centre by a foramen,
sometimes double, for
the transmission of a  {nmer Surface
small vein. Sometimes
this foramen is absent
on one or both sides, and occasionally the foramen cecum opens on this surface.
The snner surface is concave from side to side, convex from above downwards; in
which direction it is traversed by a longitudinal groove, sometimes a canal, for
the passage of a branch of the nasal nerve. The superior border is narrow, thick,
and serrated for articulation with the nasal notch of the frontal bone. The inferior
border is broad, thin, sharp, directed obliquely downwards, outwards, and back-
wards, and serves for the attachment of the lateral cartilage of the nose. This
border presents about its centre a notch, which transmits the branch of the nasal
nerve above referred to; and is prolonged at its inner extremity into a sharp
spine, which, when articulated with the opposite bone, forms the nasal angle.
The external border is serrated, bevelled at the expense of the internal surface
above, and of the external below, to articulate with the nasal process of the superior
maxillary. The ¢nternal border, thicker above than below, articulates with its
fellow of the opposite side, and is prolonged behind into a vertical crest, which
forms part of the septum of the nose; this crest articulates with the nasal spine
of the frontal above, and the perpendicular plate of the ethmoid below.

Development. By one centre for each bone, which appears about the same period
as in the vertebree.

Articulations. 'With four bones: two of the cranium, the frontal and ethmoid ;
and two of the face, the opposite nasal and the superior maxillary.

No muscles are directly attached to this bone.

with

Ouwuter Surface.

SUPERIOR MAXILLARY BONE.

The Superior Maxillary Bone is one of the most important bones of the face in
a surgical point of view, on account of the number of diseases to which some of
its parts are liable. Its minute examination becomes, therefore, a matter of
considerable interest. It is the largest bone of the face, excepting the lower jaw ;
and forms, by its union with its fellow of the opposite side, the whole of the upper
Jaw. Kach bone assists in the formation of three cavities, the roof of the mouth,
the floor and outer wall of the nose, and the floor of the orbit; enters into the
formation of two fossw, the zygomatic, and spheno-maxillary; and two fissures.
the spheno-maxillary, and pterygo-maxillary. Each bone presents for examina-
tion a body, and four processes, malar, nasal, alveolar, and palatine.

The body is somewhat quadrilateral, and is hollowed out in its interior to form
a large cavity, the antrum of Highmore. It presents for examination four
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surfaces, an external or facial, a posterior or zygomatic, a superior Or orbital,
and an internal., |

The external or facial surface (fig. 45) is directed forwards and outwards. In
the median line of the bone, just above the incisor teeth, is a depression, the
incisive or myrtiform fossa, which gives origin to the Depressor al® nasi. Above
and a little external to it, the Compressor naris arises. More external, is another
depression, the canine fossa, larger and deeper than the incisive fossa, from which
it is separated by a vertical ridge, the canine eminence, corresponding to the
socket of the canine tooth. The canine fossa gives origin to the Levator anguli
oris. Above the canine fossa is the infra-orbital foramen, the termination of the
infra-orbital canal; it transmits the infra-orbital nerve and artery. Above the
infra-orbital foramen is the margin of the orbit, which affords partial attachment
to the Levator labii superioris proprius.

The posterior or zygomatic surface is convex, directed backwards and outwards,
‘and forms part of the zygomatic fossa. It presents about its centre several aper-
tures leading to canals in the substance of the bone; they are termed the posterior
dental canals, and transmit the posterior dental vessels and nerves. At the lower

Fig. 45.—Left Superior Maxillary Bone, Outer Surface.
Outer  Surface.
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part of this surface is a rounded eminence, the maxillary tuberosity, especially
prominent after the growth of the wisdom-tooth, rough on its inner side for
articulation with the tuberosity of the palate bone. Immediately above the rough
surface is a groove, which, running obliquely down on the inner surface of the
bone, is converted into a canal by articulation with the palate bone, forming the
posterior palatine canal.

The superior or orbital surface is thin, smooth, triangular, and forms part of
the floor of the orbit. It is bounded internally by an irregular margin which
articulates, in front, with the lachrymal; in the middle, with the os planum of
the ethmoid; behind, with the orbital process of the palate bone; externally, by
a smooth rounded edge which enters into the formation of the spheno-maxillary
fissure, and which sometimes articulates at its anterior extremity with the orbital
plate of the sphenoid; and in front, by part of the circumference of the orbit,

fon
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which is continuous, on the inner side, with the nasal, on the outer side, with the
malar process. Along the middle line of the orbital surface is a deep groove, the
infra-orbital, for the passage of the infra-orbital nerve and artery. This groove
commences at the middle of the outer border of this surface, and, passing forwards,
terminates in a canal whieh subdivides into two branches; one of the canals, the
infra-orbital, opens just below the margin of the orbit; the other, which is smaller,
runs in the substance of the anterior wall of the antrum; it is called the anterior
dental canal, transmitting the anterior dental vessels and nerves to the front teeth
of the upper jaw. At the inner and fore part of the orbital surface, just external
to the lachrymal canal, is a minute depression, which gives origin to the Inferior
oblique muscle of the eye.

The internal surface(fig. 46) is unequally divided into two parts by a horizontal
projection of bone, the palate process; that portion above the palate process forms
part of the outer wall of the nose; the portion below it forms part of the cavity
of the mouth. The superior division of this surface presents a large irregular
shaped opening leading into the antrum of Highmore. At the upper border of

Fig. 46.—Left Superior Maxillary Bone. Inner Surface.

Bones parteally clo.u'ny Orifoce of Antram
marked in ourline

Fthmmad — Fn\,x‘ T ////
Lnferion Turdinatsd — fs;?
- Y
-P @Zat(‘ —— /

7
Infifion/Piatus,
\‘l('
A

Ak, Nasal Sprne

Bresels
Passed througl,
Ant. palat. Conal

this aperture are a number of broken cellular cavities, which, in the articulated
skull, are closed in by the ethmoid and lachrymal bones. Below the aperture is a
smooth concavity which forms part of the inferior meatus of the nose, traversed
by a fissure, the maxillary fissure, which runs from the lower part of the orifice of
the antrum obliquely downwards and forwards, and receives the maxillary process
of the palate bone. Behind it is a rough surface which articulates with the per-
pendicular plate of the palate bone, traversed by a groove which, commencing near
the middle of the posterior border, runs obliquely downwards and forwards, and
forms, when completed by its articulation with the palate bone, the posterior palatine
canal. In front of the opening in the antrum is a deep groove, converted into a
canal by the lachrymal and inferior turbinated bones, and lodging the nasal duct.
More anteriorly is a well-marked rough ridge, the inferior turbinated crest, for
articulation with the inferior turbinated bone. The concavity above this ridge
forms part of the middle meatus of the nose; whilst that below it forms part of
the inferior meatus. The inferior division of this surface is concave, rough and
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unevelzn, and perforated by numerous small foramina for the passage of nutrient
vessels.

The Antrum of Highmore, or Maxillary Sinus, is a large triangular-shaped
cavity, hollowed out of the body of the maxillary bone; its apex, directed out-
wards, is formed by the malar process; its base, by the outer wall of the nose.
Its walls are everywhere exceedingly thin, its roof being formed by the orbital
plate ; its floor by the alveolar process, bounded in front by the facial surface, and
behind by the zygomatic. Its inner wall, or base, presents, in the disarticulated
bone, a large irregular aperture, which communicates with the nasal fossee. The
margins of this aperture are thin and ragged, and the aperture itself is much con-
tracted by its articulation with the ethmoid above, the inferior turbinated below,
and the palate bone behind. In the articulated skull, this cavity communicates
with the middle meatus of the nose, generally by two small apertures left between
the above-mentioned bones. In the recent state, usually only one small opening
exists, near the upper part of the cavity, sufficiently large to admit the end of a
probe, the other being closed by the lining membrane of the sinus.

Crossing the cavity of the antrum are often seen several projecting laminse of
bone, similar to those seen in the sinuses of the cranium; and on its posterior wall
are the posterior dental canals, transmitting the posterior dental vessels and nerves
to the teeth. Projecting into the floor are several conical processes, corresponding
to the roots of the first and second molar teeth; in some cases, the floor is per-
forated by the teeth in this situation. It isfrom the extreme thinness of the walls
of this cavity, that we are enabled to explain how a tumor, growing from the
antrum, encroaches upon the adjacent parts, pushing up the floor of the orbit, and
displacing the eyeball, projecting inward into the nose, protruding forwards on to
the cheek, and making its way backwards into the zygomatic fossa, and down-
wards into the mouth.

The Malar Process is a rough triangular eminence, situated at the angle of
separation of the facial from the zygomatic surface. In front, it is concave,
forming part of the facial surface; behind, it is also concave, and forms part of the
temporal fossa; above, it is rough and serrated for articulation with the malar
bone ; whilst, below, a prominent ridge marks the division between the facial and
zygomatic surfaces.

The Nasal Process is a thick triangular plate of bone, which projects upwards,
inwards, and backwards, by the side of the nose, forming part of its lateral
boundary. Its external surface is concave, smooth, perforated by numerous fora-
mina, and gives attachment to the Levator labii superioris aleque nasi, the
Orbicularis palpebrarum, and Tendo oculi. Its internal surface forms part of the
inner wall of the nose; it articulates above with the frontal, and presents a rough
uneven surface, which articulates with the ethmoid bone, closing in the anterior
ethmoid cells; below this is a transverse ridge, the superior turbinated crest, for
articulation with the middle turbinated bone of the ethmoid, bounded below by a
smooth concavity, which forms part of the middle meatus; below this is the inferior
turbinated crest, already described, for articulation with the inferior turbinated
bone; and still more inferiorly, the concavity which forms part of the inferior
meatus. The anterior border of the nasal process is thin, directed obliquely
downwards and forwards, and presents a serrated edge for articulation with the nasal
bone: its posterior border is thick, and hollowed into a groove for the nasal duct.
Of the two margins of this groove, the inner one articulates with the lachrymal
bone, the outer one forms part of the circumference of the orbit. Just where
the latter joins the orbital surface is a small tubercle, the lachrymal tubercle;
this serves as a guide to the surgeon in the performance of the operation for
fistula lacrymalis. The lachrymal groove in the articulated skull is converted
into a canal by the lachrymal bone, and lachrymal process of the inferior tur-
binated ; it is directed downwards, and a little backwards and outwards, is about
the diameter of a goose-quill, slightly narrower in the middle than at either
extremity, and lodges the nasal duct.
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The Alveolar Process is the thickest and most spongy part of the bone, broader
behind than in front, and excavated into deep cavities for the reception of the
teeth. These cavities are eight in number, and vary in size and depth according
to the teeth they contain: those for the canine teeth being the deepest; those for
the molars being widest, and subdivided into minor cavities ; those for the incisors
being single, but deep and narrow.

The Palate Process, thick and strong, projects horizontally inwards from the
inner surface of the bone. It is much thicker in front than behind, and forms a
considerable part of the floor of the nares, and the roof of the mouth. Its upper
surface is concave from side to side, smooth, and forms part of the floor of the
nose. In front is seen the upper orifice of the anterior palatine (incisor) canal,
which leads into a fossa formed by the junction of the two superior maxillary
bones, and is situated immediately behind the incisor teeth. It transmits the ante-
rior palatine vessels, the naso-palatine nerves passing through the intermaxillary
suture. The inferior surface, also concave, is rough and uneven, and forms part
of the roof of the mouth. This surface is perforated by numerous foramina for
the passage of nutritious vessels, channelled at the back part of its alveolar border
by a longitudinal groove, sometimes a canal, for the transmission of the posterior
palatine vessels, and a large nerve, and presents little depressions for the lodgment
of the palatine glands. This surface presents anteriorly the lower orifice of the
anterior palatine fossa. In some bones, a delicate linear suture may be seen
extending from the anterior palatine fossa to the interval between the lateral
incisor and the canine teeth. This marks out the intermaxillary bone, which in
some animals exists permanently as a separate piece. Itincludes the whole thick-
ness of the alveolus, the corresponding part of the floor of the nose, and the
anterior nasal spine, and contains the sockets of the incisor teeth. The outer
border of the palate process is
firmly united with the rest of the Fig. 47.—Development of Superior Maxillary Bone. By
bone. The inner borderisthicker TSRt
in front than behind, raised above
into a ridge, which, with the cor-
responding ridge in the opposite
bone, forms a groove for the re-
ception of the vomer. The an-
terior margin is bounded by the
thin concave border of the open-
ing of the nose, prolonged for-
wards internally into a sharp deriipsicn
process, forming, with a similar at
process of the opposite bone, the Birth
anterior nasal spine. The pos-
terior border 1s serrated for )
articulation with the horizontal ¢\
plate of the palate bone. AN

Development.  This bone is 1 for Polatal pors
formed at such an early period,
and ossification proceeds in it
with such rapidity, that it has
been found impracticable hither-
to to determine with accuracy
its number of centres. It ap-
pears, however, probable that it has four centres of development, viz., one for the
nasal and facial portions, one for the orbital and malar, one for the incisive, and
one for the palatal portion, including the entire palate except the incisive segment.
The incisive portion is indicated in young bones by a fissure, which marks off a
small segment of the palate, including the two incisor teeth. In some animals, this
remains permanently as a separate piece, constituting the intermaxillary bone : and
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in the human subject, where the jaw is malformed, as in cleft palate, this segment
may be separated from the maxillary bone by a deep fissure extending backwards
between the two into the palate. If the fissure be on both sides, both segments are
quite isolated from the maxillary bones, and hang from the end of the vomer, not
unfrequently being much displaced, and often accompanied by congenital fissure of
the upper lip, either on one or both sides of the median line. The maxillary sinus
appears at an earlier period than any of the other sinuses, its development com-
mencing about the fourth month of feetal life.

Articulations. With nine bones: two of the cranium—the frontal and ethmoid,
and seven of the face, viz., the nasal, malar, lachrymal, inferior turbinated, palate,
vomer; and its fellow of the opposite side. Sometimes it articulates with the
orbital plate of the sphenoid. .

Attachment of Muscles. Orbicularis palpebrarum, Obliquus inferior oculi, Leva-
tor labii superioris aleeque nasi, Levator labii superioris proprius, Levator anguli
oris, Compressor naris, Depressor alee nasi, Masseter, Buccinator.

TeE LACHRYMAL BONES.

The Lachrymal Bones are the smallest and most fragile bones of the face, situated
at the front part of the inner wall of the orbit, and resemble somewhat in form,
thinness, and size, a finger-nail; hence they are termed

Fig. 48.—Left Lachrymal  the ossa unguis. Each bone presents for examination two
Bone. Bxternal Surface.  gyrfaces and four borders. The external or orbital surface
o) (fig. 48) is divided by a vertical ridge into two parts. The

X ) portion of bone in front of this ridge presents a smooth,
7 \35. concave, longitudinal groove, the free margin of which
N/ o unites with the nasal process of the superior maxillary bone,
S i completing the lachrymal groove. The upper part of this
8 2 groove lodges the lachrymal sac; the lower part assists in
218 \ the formation of the lachrymal canal, and lodges the nasal
3 duct. The portion of bone behind the ridge is smooth,
£ slightly concave, and forms part of the inner wall of the
2\l orbit. The ridge, and part of the orbital surface imme-
5 I,,fm-'f“ diately behind it, afford attachment to the Tensor tarsi:
(Skightly enlarged )  the ridge terminates below in a small hook-like process,

which articulates with the lachrymal tubercle of the supe-
rior maxillary -bone, and ‘completes the upper orifice of

the lachrymal canal. It sometimes exists as a separate piece, which is then
called the lesser lachrymal bone. 'The internal or nasal surface presents a depressed
furrow, corresponding to the ridge on its outer surface. The surface of bone in
front of this forms part of the middle meatus; and that behind it articulates
with the ethmoid bone, filling in the anterior ethmoidal cells. Of the four borders,
the anterior is the longest, and articulates with the nasal process of the superior
maxillary bone. The posterior, thin and uneven, articulates with the os planum
of the ethmoid. The superior, the shortest and thickest, articulates with the
internal angular process of the frontal bone. The inferior is divided by the lower
edge of the vertical crest into two parts, the posterior part articulating with the
orbital plate of the superior maxillary bone; the anterior portion being pro-
longed downwards into a pointed process, which articulates with the lachrymal
process of the inferior turbinated bone, assisting in the formation of the lachrymal
canal.

Development. By a single centre, which makes its appearance soon after ossi-
fication of the vertebree has commenced.

Articulations. With four bones: two of the cranium, the frontal and ethmoid,
and two of the face, the superior maxillary and the inferior turbinated.

Attachment of Muscles. The Tensor tarsi.
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TEE MALAR BONES.

The Malar Bones are two small quadrangular bones, situated at the upper and
outer part of the face, forming the prominence of the cheek, part of the outer wall
and floor of the orbit, and part of the temporal and zygomatic fossee. Each bone
presents for examination an external and an internal surface; four processes, the
frontal, orbital, maxillary, and zygomatic ; and four borders. The external surface
(fig. 49) is smooth, convex, perforated near its centre by one or two small
apertures, the malar foramina, for the passage of nerves and vessels, covered

by the Orbicularis palpebrarum
muscle, and - affords  attachment
to the Zygomaticus major and
Zygomaticus minor muscles.
The internal surface (fig. 50),
directed backwards and inwards,
is concave, presenting internally
a rough triangular surface, for
articulation with the superior
maxillary bone; and externally,
a smooth concave surface, which
forms the anterior boundary of
the temporal fossa above, wider
below, where it forms part of
the zygomatic fossa. This sur-
face presents, a little abovejyits
centre, the aperture of one or two
malar canals, and affords attach-
ment to part of two muscles, the
Temporal above, and the Masse-
ter below. Of the four processes,
the frontalis thick and serrated,
and articulates with the external
angular process of the frontal
bone. The orbital process is a
thick and strong plate, which
projects backwards from the
orbital margin of the bone. Its
upper surface, smooth and con-
cave, forms, by its junction with
the great ala of the sphenoid,
the outer wall of the orbit. Its
under surface, smooth and con-
vex, forms part of the temporal
fossa. Its anterior margin is
smooth and rounded, forming
part of the circumference of the
orbit. Its superior margin, rough,
and directed horizontally, arti-
culates with the frontal bone
behind the external angular pro-

Fig. 49.—Left Malar Bone. Outer Surface.

Brestles passed through  [E3
Temporo-Malar Canals ';‘
A \ » f ‘hﬂ,

Fig. 50.—Left Malar Bone. Inner Surface.

cess. Its posterior margin isrough and serrated, for articulation with the sphenoid;
internally it is also serrated for articulation with the orbital surface of the superior
maxillary. At the angle of junction of the sphenoidal and maxillary portions, a
short rounded non-articular margin is sometimes seen; this forms the anterior
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boundary of the spheno-maxillary fissure: occasionally, no such non-articular
margin exists, the fissure being completed by the direct junction of the maxillary
and sphenoid bones, or by the interposition of a small Wormian bone in the
angular interval between them. On the upper surface of the orbital process are
seen the orifices &f one or two temporo-malar canals; one of these usually opens
on the posterior surface, the other, occasionally two, on the facial surface: they
transmit filaments (temporo-malar) of the orbital branch of the superior maxillary
nerve. The maxillary process is a rough triangular surface, which articulates with
the superior maxillary bone. The zygomatic process, long, narrow, and serrated,
articulates with the zygomatic process of the temporal bone. Of the four borders,
the superior or orbital is smooth, arched, and forms a considerable part of the
circumference of the orbit. The inferior or zygomatic is continuous with the
lower border of the zygomatic arch, affording attachment by its rough edge to the
Masseter muscle. The anterior or maxillary border is rough, and bevelled at the
expense of its inner table, to articulate with the superior maxillary bone ; affording
attachment by its outer margin to the Levator labii superioris proprius, just at its
point of junction with the superior maxillary. The posterior or temporal border,
curved like an italic /; is continuous above with the commencement of the temporal
ridge; below, with the upper border of the zygomatic arch ; it affords attachment
to the temporal fascia.

Development. By a single centre of ossification, which appears at about the
same period when ossification of the vertebra commences. ‘

Articulatjons. With four bones ; three of the cranium, the frontal, sphenoid, and
temporal ; and one of the face, the superior maxillary. '

Attachment of Muscles. Levator labil superioris proprius, Zygomaticus major
and Zygomaticus minor, Masseter, and Temporal. '

\)

THE PATLATE BONES.

The Palate Bones are situated at the back part of the nasal fosse ; they are two
in number, one on each side, wedged in between the superior maxillary and the
pterygoid process of the sphenoid. Each bone assists in the formation of three
cavities, the floor and outer wall of the nose, the roof of the mouth, and the floor
of the orbit; and enters into the formation of three fosse, the zygomatic, spheno-
maxillary, and pterygoid. In form, the palate bone somewhat resembles the letter
I, and may be divided into an inferior or horizontal plate, and a superior or
vertical plate.

The Horizontal Plate is thick, of a quadrilateral form, and presents two surfaces
and four borders. The superior surface, concave from side to side, forms the back
part of the floor of the nares. The inferior surface, slightly concave and rough,
forms the back part of the hard palate. At its posterior part may be seen a
transverse ridge, more or less marked, for the attachment of the aponeurosis of the
Tensor palati muscle. At the outer extremity of this ridge is a deep groove, con-
verted into a canal by its articulation with the tuberosity of the superior maxil-
lary bone, and forming the posterior palatine canal. Near this groove, the orifices
of one or two small canals, accessory posterior palatine, may frequently be seen.
The anterior border is serrated, bevelled at the expense of its inferior surface, and
articulates with the palate process of the superior maxillary bone. The posterior
border is concave, free, and serves for the attachment of the soft palate. Its
inner extremity is sharp and pointed, and, when united with the opposite bone,
forms a projecting process, the posterior nasal spine, for the attachment of the
Azygos uvulee. The external border is united with the lower part of the perpen-
dicular plate almost at right angles. The internal border, the thickest, is serrated
for articulation with its fellow of the opposite side; the superior edge is raised
into a ridge, which, united with the opposite bone, forms a crest in which the
vomer is received.
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The Vertical Plate (fig. 51) is thin, of an oblong {form, and directed upwards
and a little inwards. It
presents two SurfaceS) an Fig. 51.—Left Palate Bone. Internal View (enlarged).
external and an internal,
and four borders.

The ¢nternalsurface pre-
sents at its lower part a
broad shallow depression,
which forms part of the syl Belutine Foramen—
inferior meatus of thenose. o
Immediately above this is
a well-marked horizontal
ridge, the inferior turbi-
nated crest, for articula-
tion with the inferior tur-
binated bone; above this,
a second broad shallow
depression, which forms
part of the middle meatus,
surmounted above by a
horizontal ridge, less pro-
minent than the inferior,
the superior turbinated
crest, for articulation with
the middle turbinated bone. Above the superior turbinated crest is a narrow
horizontal groove, which forms part of the superior meatus.

The external surface is rough and irregular throughout the greater part of its
extent, for articulation with the inner surface of the superior maxillary bone, its
upper and back part being smooth where it enters into the formation of the
zygomatic fossa; it is also smooth in front, where it covers the orifice of the
antrum. Towards the back part of this Surface is a deep groove, converted into a,
canal, the posterior palatine, by its articulation with the superior maxillary bone.
It transmits the posterior palatine vessels and a large nerve. The anterior border
is thin, irregular, and presents opposite the inferior turbinated crest a pointed
projecting lamina, the maxillary process, which is directed forwards, and closes
in the lower and back part of the opening of the antrum, being received into a
fissure that exists at the inferior part of this aperture. The posterior border
(fig. 52) presents a deep groove, the edges of which are serrated for articulation
with the pterygoid process of the sphenoid. At the lower part of this border is
seen a pyramidal process of bone, the pterygoid process or tuberosity of the palate,
which 1s received into the angular interval between the two pterygoid plates of
the sphenoid at their inferior extremity. This process presents at its back part
three grooves, a median and two lateral ones. The former is smooth, and forms
part of the pterygoid fossa, affording attachment to the Internal pterygoid muscle;
whilst the lateral grooves are rough and uneven, for articulation with the anterior
border of each pterygoid plate. The base of this process, continucus with the
horizontal portion of the bone, presents the apertures of the accessory descending
palatine canals; whilst its outer surface is rough, for articulation with the inner
surface of the body of the superior maxillary bone. The superior border of the
vertical plate presents two well-marked processes, separated by an intervening
notch or foramen. The anterior, or larger, is called the orbital process; the
posterior, the sphenoidal.

The Orbital Process, directed upwards and outwards, is placed on a higher
level than the sphenoidal. It presents five surfaces, which inclose a hollow cellu-
lar cavity, and is connected to the perpendicular plate by a narrow constricted
neck. Of these five surfaces, three are articular, two non-articular or free sur-
faces. The three articular are the anterior or maxillary surface, which is directed
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forwards, outwards, and downwards, is of an oblong form, and rough for articulation
with the superior maxillary bone. The posterior or sphenoidal surface is directed
backwards, upwards, and inwards. It ordinarily presents a small half-cellular

cavity which communicates with
Fig. 52.—Left Palate Bone, Posterior View (enlarged). the sphenoidal sinus, and the

cgal [ margins of which are serrated
M\,» , sl e for articulation with the V(_artlcal
arbilo ' part of the sphenoidal turbinated

bone. The internal or ethmoidal
surface is directed inwards, up-
wards and forwards, and articu-
lates with the lateral mass of the
ethmold bone. In some cases,
the cellular cavity above-men-
tioned opens on this surface of
the bone; it then communicates

S/Juvno. Y latine Tom.

L /S/Lhnoiﬂal Jrrocess.
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E with the posterior ethmoidal
. cells. More rarely it opens on
: both surfaces, and then commu-

k. nicates with the posterior eth-

A o moidal cells, and the sphenoidal

sinus. The non-articular or free
surfaces are the superior or or-
bital, directed upwards and out-
_ wards, of triangular form, concave,
smooth, articulating with tne superior maxillary bone, and forming the back
part of the floor of the orbit. The external or zygomatic surface, directed out-
wards, backwards and downwards, is of an oblong form, smooth, and forms part
of the zygomatic fossa. This surface is separated from the orbit by a smooth
rounded border, which enters into the formation of the spheno-maxillary fissure.

The Sphenoidal Process of the palate- bone is a thin compressed plate, much
smaller than the orbital, and directed upwards and inwards. It presents three
surfaces and two borders. The superior surface, the smallest of the three, arti-
culates with the horizontal part of the sphenoidal turbinated bone; it presents a
groove which contributes to the formation of the pterygo-palatine canal. The
internal surface is concave, and forms part of the outer wall of the nasal fossa.
The external surface is divided into an articular, and a non-articular portion; the
former is rough for articulation with the inner surface of the pterygoid process
of the sphenoid; the latter is smooth, and forms part of the zygomatic fossa.
The anterior border forms the posterior boundary of the spheno-palatine foramen.
The posterior border, serrated at the expense of the outer table, articulates with
the inner surface of the pterygoid process.

' The orbital and sphenoidal processes are separated from one another by a deep
notch, which is converted into a foramen, the spheno-palatine, by articulation with
the sphenoidal turbinated bone. Sometimes the two processes are united above,
and form between them a complete foramen, or the notch is crossed by one or
more spicula of bone, so as to form two or more foramina. In the articulated
skull, this foramen opens into the back part of the outer wall of the superior
meatus, and transmits the spheno-palatine vessels and nerves.

Development. From a single centre, which makes its appearance at the angle of
junction of the two plates of the bone. From this point ossification spreads, in.
wards, to the horizontal plate; downwards, into the tuberosity; and upwards, into
the vertical plate. In the foetus, the horizontal plate is much longer than the
vertical; and even after it is fully ossified, the whole bone is remarkable for its
shortness.

Articulations. With seven bones: the sphenoid, ethmoid, superior maxillary,
inferior turbinated, vomer, opposite palate, and sphenoidal turbinated.

= AZYCOS UVULE :
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Attachment of JMuscles. The Tensor palati, Azygos uvule, Internal and External
pterygoid.

THE INFERIOR TURBINATED BONES.

The Inferior Turbinated Bones are situated one on each side of the outer wall of
the nasal fosse. Kach bone consists of a layer of thin spongy bone, curled
upon itself like a scroll, hence its name “turbinated;” and extends horizontally
across the outer wall of the nasal fossa, immediately below the orifice of the
antrum. Hach bone presents two surfaces, two borders, and two extremities.

The internal surface (fig. 53) is convex, perforated by numerous apertures, and
traversed by longitudinal grooves
and canal$ for the lodgment of arte-  Fig. 53.—Right Inferior Turbinated Bone. Inner
ries and veins. In the recent state it Qs
is covered by the lining membrane of
the nose. The external surface is con-
cave (fig. 54), and forms part of the
inferior meatus. Its upper border is
thin, irregular, and connected to vari-
ous bones along the outer wall of the
nose. It may be divided into three
portions; of these, the anterior arti-
culates with the inferior turbinated
crest of the superior maxillary bone;
the posterior with the inferior turbinated crest of the palate bone; the middle
portion of the superior border presents three well-marked processes, which vary
much in their size and form: Of these the
anterior and smallest is situated at the  Fig. 54.—Right Inferior Turbinated Boue.
junction of the anterior fourth with the’ Outer Suiface.
posterior three-fourths of the bone; it is
small and pointed, and is called the lachry-
mal process, for it articulates with the ante-
rior inferior angle of the lachrymal bone,
and by its margins with the groove on
the back of the nasal process of the supe-
rior maxillary, and thus assists in forming
the lachrymal canal. At the junction of
the two middle fourths of the bone, but en-
croaching on the latter, a broad thin plate, the ethmoidal process, ascends to join
the unciform process of the ethmoid ; from the lower border of this process, a thin
lamina of bone curves downwards and outwards, hooking over the lower edge of
the orifice of the antrum, which it narrows below; it is called the maxillary pro-
cess, and fixes the bone firmly on to the outer wall of the nasal fossa. The infe-
rior border is free, thick and cellular in structure, more especially in the centre
of the bone. Both extremities are more or less narrow and pointed. If the bone
is held so that its outer concave surface is directed backwards (. e., towards the
holder), and its superior border, from which the lachrymal and ethmoidal pro-
cesses project, upwards, the lachrymal process will be directed to the side to which
the bone belongs. .

Development. By a single centre which makes its appearance about the middle
of feetal life.

Articulations. With four bones: one of the cranium, the ethmoid; and three of
the face, the superior maxillary, lachrymal and palate.

No muscles are attached to this bone.
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THE VOMER.

The Vompr is a single bone, situated vertically at the back part of the nasal
fossee, forming part of the septum of the nose. It is thin, somewhat like a
ploughshare in form ; but it varies in different individuals, being frequently bent

to one or the other side; it
Fig. 55.—Vomer. presents for examination two
surfaces and four borders.
The lateral surfaces are smooth,
marked with small furrows for
the lodgment of bloodvessels,
and by a groove on each side,
sometimes a canal, the naso-
palatine, which runs obliquely
downwards and forwards to
the intermaxillary suture be-
tween the two anterior palatine
canals; it transmits the naso-
palatine nerve. The superior
border, the thickest, presents
a deep groove, bounded on
each side by a horizontal pro-
jecting ala of bone ; the groove
recelves the rostrum of the sphenoid, whilst the ale are overlapped and retained
by lamine (the vaginal processes) which project from the under surface of the
body of the sphenoid at the base of the pterygoid processes. At the front of the
groove a fissure is left for the transmission of bloodvessels to the substance of the
bone. The inferior border, the longest, is broad and uneven in front, where it
articulates with the two superior maxillary bones; thin and sharp behind where
it joins with the palate bones. The upper half of the anterior border usually
consists of two laminse of bone, between which is received the perpendicular
plate of the ethmoid, the lower half consisting of a single rough edge, also occa-
sionally channelled, which is united to the triangular cartilage of the nose. The
posterior border is free, concave, and separates the nasal fosse behind. It is
thick and bifid above, thin below.

Development. The vomer at an early period consists of two lamine separated
by a very considerable interval, and inclosing between them a plate of cartilage
which is prolonged forwards to form the remainder of the septum. Ossification
commences in it at about the same period as in the vertebre, the coalescence of the
laminze taking place from behind forwards, butis not complete until after puberty.

Articulations. With six bones: two of the cranium, the sphenoid and ethmoid;
and four of the face, the two superior maxillary and the two palate bones; and with
the cartilage of the septum.

The vomer has no muscles attached to it.

THE INFERIOR MAXILLARY BoONE.

The Inferior Maxillary Bone, the largest and strongest bone of the face, serves
for the reception of the inferior teeth. It consists of a curved horizontal portion,
the body, and of two perpendicular portions, the rami, which join the former
nearly at right angles behind. '

The Horizontal portion or body (fig. 56), is convex in its general outline, and
curved somewhat like a horseshoe. It presents for examination two surfaces
and two borders. The external surface is convex from side to side, concave
from above downwards. In the median lineis a vertical ridge, the symphysis ; it
extends from the upper to the lower border of the bone, and indicates the point
of junction of the two pieces of which the bone is composed at an early period of
life. The lower part of the ridge terminates in a prominent triangular eminence,
the mental process. On either side of the symphysis, just below the roots of the
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incisor teeth, is a depression, the incisive fossa, for the attachment of the Levator
menti; and, still more externally, a foramen, the mental foramen, for the passage
of the mental nerve and artery. This foramen is placed just below the root of
the second bicuspid tooth. Running outwards from the base of the mental process
on each side, is a well-marked ridge, the external oblique line. This ridge is at
first nearly horizontal, but afterwards inclines upwards and backwards, and is
continuous with the anterior border of the ramus; it affords attachment to the
Depressor labii inferioris and Depressor anguli oris; below these the Platysma
myoides is inserted. The external oblique line, and the internal oblique or
mylo-hyoidean line, to be hereafter described, divide the body of the bone into
a superior or alveolar, and an inferior or basilar portion.

Fig. 56.—Inferior Maxillary Bone. Outer Surface. Side View.

The internal surface (fig. 57) is concave from side to side, convex from above
downwards. In the middle line is an indistinct linear depression, corresponding
to the symphysis externally; on either side of this depression, just below its
centre, are four prominent tubercles, placed in pairs, two above and two below ;
they are called the genial tubercles, and afford attachment, the upper pair to the
Grenio-hyoglossi muscles, the lower pair to the Genio-hyoidei muscles. Sometimes
the tubercles on each side are blended into one, or they all unite into an irregular
eminence of bone, or nothing but an irregularity may be seen on the surface of
the bone at this part. On either side of the genial tubercles is an oval depression,
the sublingual fossa, for lodging the sublingual gland; and beneath the fossa a
rough depression on each side, which gives attachment to the anterior belly of the
Digastric muscle. At the back part of the sublingual fossa, the internal oblique
or mylo-hyoidean line commences; it is at first faintly marked, but becomes more
distinct as it passes upwards and outwards, and is especially prominent opposite
the last two molar teeth; it divides the lateral surface of the bone into two por-
tions, and affords attachment throughout its whole extent to the Mylo-hyoid
muscle, the Superior constrictor being attached above its posterior extremity,
nearer the alveolar margin. The portion of bone above this ridge is smooth, and
covered by the mucous membrane of the mouth; whilst that below it presents
an oblong depression, the submaxillary fossa, wider behind than in front, for the
lodgment of the submaxillary gland. The superior or alveolar border is wider,
and its margins thicker, behind than in front. It is hollowed into numerous
cavitics, for the reception of the teeth; these are sixteen in number, and vary in
depth and size according to the teeth which they contain. The inferior border is
rounded, longer than the superior, and thicker in front than behind; it presents
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a shallow groove, just where the body joins the ramus, over which the facial
artery turns.

The Perpendicular Portions or Rami are of a quadrilateral form. Each
presents for examination two surfaces, four borders, and two processes.  The
external surface is flat, marked with ridges, and gives attachment throughout
nearly the whole of its extent to the Masseter muscle. The ¢nternal surface pre-
sents about its centre the oblique aperture of the inferior dental canal, for the
passage of the inferior dental vessels and nerve. The margin of this opening
1s irregular; it presents in front a prominent ridge, surmounted by a sharp spine,
which gives attachment to the internal lateral ligament of the lower jaw; and at
its lower and back part a notch leading to a groove, the mylo-hyoidean, which
runs obliquely downwards to the back part of the submaxillary fossa, and lodges
the mylo-hyoid vessels and nerve; behind the groove is a rough surface, for the
insertion of the Internal pterygoid muscle. The inferior dental canal descends
obliquely downwards and forwards in the substance of the ramus, and then hori-
zontally forwards in the body; it is here placed under the alveoli, with which it
communicates by small openings. On arriving at the incisor teeth, it turns back
to communicate with the mental foramen, giving off two small canals, which run

Fig. 57.—Inferior Maxillary Bone. Inner Surface, Side View,
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forward, to be lost in the cancellous tissue of the bone beneath the incisor teeth.
This canal, in the posterior two-thirds of the bone, runs nearest the internal sur-
face of the jaw; and in the anterior third, nearer its external surface. Its walls
are composed of compact tissue at either extremity, cancellous in the centre. Tt
contains the inferior dental vessels and nerve, from which branches are distributed
to the teeth through small apertures at the bases of the alveoli. The wupper border
of the ramus is thin, and presents two processes, separated by a deep concavity,
the sigmoid notch. Of these processes, the anterior is the coronoid, the posterior
the condyloid.

The Coronoid Process is a thin, flattened, triangular eminence of bone, which
varies in shape and size in different subjects, and serves essentially for the attach-
ment of the Temporal muscle. Its external surface is smooth, and affords
attachment to the Masseter and Temporal muscles. Its snternal surface gives
attachment to the Temporal muscle, and presents the commencement of a longi-
tudinal ridge, which is continued to the posterior part of the alveolar process. On
the outer side of this ridge is a deep groove, continued below on the outer side of



INFERIOR MAXILLARY BONE. 95

the alveolar process; this ridge and part of the groove afford attachment, above,
to the Temporal; below, to the Buccinator muscle.

The Condyloid Process, shorter but thicker than the coronoid, consists of two
portions: the condyle, and the constricted portion which supports the condyle, the
neck. The condyle is of an oblong form, its long axis being transverse, and set
obliquely on the neck in such a manner that its outer end is a little more forward
and a little higher than its inner. It is convex from before backwards, and from
side to side, the articula® surface extending further on the posterior than on the
anterior surface. The neck of the condyle is flattened from before backwards,
and strengthened by ridges which descend fromthe fore part and sides of the
condyle. Its lateral margins are narrow, and present externally a tubercle for
the external lateral ligament. Its posterior surface is convex; its anteriof is
hollowed out on its inner side by a depression, the pterygoid fossa, for the attach-
ment of the External pterygoid muscle. The lower border of the ramus is thick,
straight, and continuous with the body of the bone. At its junction with the
posterior border is the angle of the jaw, which is either inverted or everted, and
marked by rough oblique ridges on each side for the attachment of the Masseter
externally, and the Internal pterygoid internally; and, between them, is the
attachment of the stylo-maxillary ligament. The anterior border is thin above,
thicker below, and continuous with the external oblique line. The posterior
border is thick, smooth, rounded, and covered by the parotid gland.

The Sigmoid Notch, separating the two processes, is a deep semilunar depression,
crossed by the masseteric artery and nerve.

Development. This bone is formed at such an early period of life, before, indeed,
any other bone, excepting the clavicle, that it has been found impossible at present
to determine its earliest condition. It appears probable, however, that it is devel-
oped by two centres, one for each lateral half the two segments meeting at the
symphysis, where they become united. Additional centres have also been
described for the coronoid process, the condyle, the angle, and the thin plate of
bone which forms the inner side of the alveolus.

CHANGES PRODUCED IN THE LOWER JAW BY AGE.

The changes which the Lower Jaw nndergoes after birth, relate—1. To the alterations effected
in the body of the bone by the first and second dentitions, the loss of the teeth in the aged, and
the subsequent absorption of the alveoli; 2. To the size and situation of the dental canal; and,
3. To the angle at which the ramus joins with the body. ‘

At birth (fig. 58), the bone consists of two lateral halves, united by fibro-cartilaginous tissue,
in which one or two osseous nuclei are generally found. The body is a mere shell of bone, con-
taining the sockets of the two incisor, the canine, and the first molar teeth, imperfectly partitioned
from one another. The dental canal is of large size, and runs near the lower border of the bone,
the mental foramen opening beneath the socket of the first molar. The angle is obtuse, from the
jaws not being as yet separated by the eruption of the teeth.

After birth (fig. 59), the two segments of the bone become joined at the symphysis, from below
upwards, in the first year; bnt a trace of separation may be visible in the beginning of the second
year, near the alveolar margin. The body becomes elongated in its whole length, but more espe-
cially behind the mental foramen, to provide space for the three additional teeth developed in this
part. The depth of the body becomes greater, owing to increased growth of the alveolar part,
to afford room for the fangs of the teeth, and by thickening of the subdental portion which enables
the jaw to withstand the powerful action of the masticatory muscles; but the alveolar portion is
the deeper of the two, and, consequently, the chief part of the body lies above the oblique line.
The dental canal, after the second dentition. is situated just above the level of the mylo-hyoid
ridge ; and the mental foramen occupies the position nsual to it in the adult. The angle becomes
less obtuse, owing to the separation of the jaws by the teeth.

In the aduit (fig. 60), the alveolar and basilar portions of the body are usually of equal depth.
The mental foramen opens midway between the upper and lower border of the bone, and the
dental canal runs nearly parallel with the mylo-hyoid line. The ramus is almost vertical in
direction, and joins the body nearly at right angles.

In old age (fig. 61), the bone becomes greatly reduced in size ; for, with the loss of the teeth,
the alveolar process 1s absorbed, and the basilar part of the bone alone remains; consequently,
the chief part of the bone is below the oblique line. The dental canal, with the mental foramen
Ogening from it, is close to the alveolar border. The rami are oblique in direction, and the angle
obtnse.
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SIDE VIEW oF THE LOWER JAW AT DIFFERENT PERIODS OF LIFE.
Fig. 58.—At Birth.

Fig. 60.—In the Adult.

i
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Articulations. With the glenoid fosse of the two temporal bones. .

Attachment of Muscles. By its external surface, commencing at the symphysis
and proceeding backwards: Levator menti, Depressor labii inferioris, Depressor
anguli oris, Platysma myoides, Buccinator, Masseter. By its internal surface, com-
mencing at the same point; Genio-hyo-glossus, Genio-hyoideus, Mylo-hyoideus,
Digastricus, Superior constrictor, Temporal, Internal pterygoid, External pterygoid.

THE SUTURES.

The bones of the cranium and face are connected to each other by means of
sutures. The dentations by which they are joined are confined to the external
table, the edges of the internal table lying merely in apposition with the contiguous
bone. The Cranial Sutures may be divided into three sets: 1. Those at the ver-
tex of the skull. -2. Those at the side of the skull. 3. Those at the base.

The sutures at the vertex of the skull are three, the sagittal, coronal, and lamb-
doid.

The Sagittal Suture (interparietal) is formed by the junction of the two parietal
‘bones, and extends from the middle of the frontal bone, backwards to the superior
angle of the occipital. In childhood, and occasionally in the adult, when the two
halves of the frontal bone are not united, it is continued forwards to the root of the
nose. This suture sometimes presents, near its posterior extremity, the parietal
foramen on each side; and in front, where it joins the coronal suture, a space is
occasionally left, which incloses a large Wormian bone. b

The Coronal Suture (fronto-parietal) extends transversely across the vertex
of the skull, and connects the frontal with the parietal bones. It commences at
the extremity of the great wing of the sphenoid on one side, and terminates at the
same point on the opposite side. The dentations of this suture are more marked
at the sides than at the summit, and are so constructed that the frontal rests on the
parietal above, whilst laterally the frontal supports the parietal.

The Lambdoid Suture (occipiio-parietal), so called from its resemblance.to the
Greek letter A, connects the occipital with the parietal bones. It commences on
each side at the mastoid portion of the temporal bone, and inclines upwards to the
end of the sagittal suture. The dentations of this suture are very deep and dis-
tinct, and are often interrupted by several small Wormian bones.

The sutures at the side of the skull are also three in number: the spheno-parietal,
squamo-parietal, and masto-parietal. They are subdivisions of a single suture,
formed between the lower border of the parietal, and the temporal and sphenoid
bones, and which extends from the lower end of the lambdoid suture behind, to
the lower end of the coronal suture in front.

The Spheno-parietal is very short; it is formed by the tip of the great wing of
the sphenoid, which overlaps the anterior inferior angle of the parietal bone.

The Syuamo-parietal, or squamous suture, is arched. It is formed by the
squamous portion of the temporal bone overlapping the middle division of the
lower border of the parietal.

The Masto-parietal is a short suture, deeply dentated, formed by the posterior
inferior angle of the parietal, and the superior border of the mastoid portion of the
temporal.

The sutures of the base of the skull are, the basilar in the centre, and, on each
side, the petro-occipital and masto-occipital, the petro-sphenoidal and the squamo-
sphenoidal.

The Basilar Suture is formed by the junction of the basilar surface of the
occipital bone with the posterior surface of the body of the sphenoid. At an early
period of life, a thin plate of cartilage exists between these bones; but in the adult
they become inseparably united. Between the outer extremity of the basilar suture,
and the termination of the lambdoid, an irregular suture exists which is subdivided
into two portions. The inner portion, formed by the union of the petrous part of
the temporal with the occipital bone, is termed the petro-oceipital. The outer

7
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portion, formed by the junction of the mastoid part of the temporal with the ocel-
pital, is called the masto-occipital. Between the bones forming the petro-occipital
suture, a thin plate of cartilage exists ; in the masto-occipital is occasionally found
the opening of the mastoid foramen. Between the outer extremity of the basilar
suture and the spheno-parietal an irregular suture may be seen, formed by the union
of the sphenoid with the temporal bone. The inner and smaller portion of this
suture is termed the petro-sphenoidal ; it is formed between the petrous portion of .
the temporal and the great wing of the sphenoid: the outer portion, of greater
length, and arched, is formed between the squamous portion of the temporal and
the great wing of the sphenoid: it is called the squamo-sphenoidal.

The cranial bones are connected with those of the face, and the facial bones with
each other, by numerous sutures, which, though distinctly marked, have received
no special names. The only remaining suture deserving especial consideration is
the transverse. This extends across the upper part of the face, and is formed by
the junction of the frontal with the facial bones; it extends from the external
angular process of one side, to the same point on the opposite side, and connects
the frontal with the malar, the sphenoid, the ethmoid, the lachrymal, the superior
maxillary, and the nasal bones on each side.

The sutures remain separate for a considerable period after the complete forma-
tion of the skull. Itis probable, that they serve the purpose of permitting the
growth of the bones at their margins; while their peculiar formation, and the
interposition of the sutural ligament between the bones forming them, prevents
the dispersion of blows or jars received upon the skull. Mr. Humphry remarks,
“that, as a general rule, the sutures are first obliterated at the parts in which the
ossification of the skull was last completed, viz., in the neighborhood of the
fontanelles; and the cranial bones seem 1in this respect to observe a similar law to
that which regulates the union of the epiphyses to the shafts of the long bones.”

THE SKULL.

The Skull, formed by the union of the several cranial and facial bones already
described, when considered as a whole, is divisible into five regions; a superior
region or vertex, an inferior region or base, two-lateral regions, and an anterior
region, the face.

VERTEX OF THE SKULL.

The Superior Region or Vertex presents two surfaces, an external, and an internal.

The Hxternal Surface is bounded, in front, by the nasal eminences, and super-
ciliary ridges; behind, by the occipital protuberance and superior curved lines of
the occipital bone ; laterally, by an imaginary line extending from the outer end of
the superior curved line, along the temporal ridge, to the external angular process
of the frontal. This surface includes the vertical portion of the frontal, the greater
part of the parietal, and the superior third of the occipital bone; it is smooth,
convex, of an elongated oval form, crossed transversely by the coronal suture, and
from before backwards by the sagittal, which terminates behind in the lambdoid.
From before backwards may be seen the frontal eminences and remains of the
suture connecting the two lateral halves of the frontal bone; on each side of the
‘sagittal suture are the parietal foramen and parietal eminence, and still more pos-
teriorly the smooth convex surface of the occipital bone.

The Internal Surface is concave, presenting eminences and depressions for the
convolutions of the cerebrum, and numerous furrows for the lodgment of branches
of the meningeal arteries. Along the middle line of this surface is a longitudinal
groove, narrow in front, where it terminates in the frontal crest: broader behind;
1t lodges the superior longitudinal sinus, and its margins afford attachment to the
falx cerebri. On either side of it are several depressions for the Pacchionian
bodies, and at its back part, the internal openings of the parietal foramina. This
surface is crossed, in front, by the coronal suture; from before backwards, by the
sagittal ; behind, by the lambdoid.
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BASE oF THE SKULL.

The Inferior Region or Base of the skull presents two surfaces, an internal or
cerebral, and an external or basilar.

Fig. 62.—Base of the Skull. Inner or Cerebral Surface.
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The Internal or Cerebral Surface (fig. 62) presents three fosse on each side,
called the anterior, middle and posterior fosse of the cranium,

The Anterior Fossa is formed by the orbital plate of the frontal, the cribriform
plate of the ethmoid, the ethmoidal process and lesser wing of the sphenoid. It
1s the most elevated of the three fossa, convex externally where it corresponds to
the roof of the orbit, concave in the median line in the situation of the cribriform
plate of the ethmoid. It is traversed by three sutures, the ethmoido-frontal,
ethmo-sphenoidal, and fronto-sphenoidal; and lodges the anterior lobe of the cere-
brum. It presents, in the median line, from before backwards, the commencement
of the groove for the superior longitudinal sinus, and crest for the attachment of
the falx cerebri; the foramen caecum, this aperture being formed by the frontal and
crista galli of the ethmoid, and, if pervious, transmitting a small vein from the nose
to the superior longitudinal sinus. Behind the foramen ceecum 1is the crista galli,
the posterior margin of which affords attachment to the falx cerebri. On either
side of the crista galli is the olfactory groove, which supports the bulb of the
olfactory nerve, perforated by three rows of orifices which give passage to its
filaments; and in front by a slit-like opening, which transmits the nasal branch
of the ophthalmic nerve. On the outer side of each olfactory groove are the
internal openings of the anterior and posterior ethmoidal foramina; the former,
situated about the middle of its outer margin, transmits the nasal nerve, which
runs in a groove along its surface to the slit-like opening above mentioned; whilst
the latter, the posterior ethmoidal foramen, opens at the back part of the margin
under cover of a projecting lamina of the sphenoid; it transmits the postefior
ethmoidal artery and vein to the posterior ethmoidal cells. Further back in the
middle line is the ethmoidal spine, bounded behind by an elevated ridge, sepa-
rating a longitudinal groove on each side which supports the olfactory nerve.
The anterior fossa presents laterally eminences and depressions for the convolu-
tions of the brain, and grooves for the lodgment of the anterior meningeal arteries.

The Middle Fossa, somewhat deeper than the preceding, is narrow in the middle,
and becomes wider as it expands laterally. It is bounded in front by the posterior
margin of the lesser wing of the sphenoid, the anterior clinoid process, and the
anterior margin of the optic groove; behind, by the petrous portion of the tem-
poral, and basilar suture; externally, by the squamous portion of the temporal,
and anterior inferior angle of the parietal bone; and is separated from its fellow by
the sella Turcica. It is traversed by four sutures, the squamous, spheno-parietal,
spheno-temporal, and petro-sphenoidal.

In the middle line, from before backwards, is the optic groove, which supports
the optic commissure, terminating on each side in the optic foramen, for the
passage of the optic nerve and ophthalmic artery; behind the optic' groove is
the olivary process, and laterally the anterior clinoid processes, which afford
attachment to the folds of the dura mater, which form the cavernous sinuses.
Separating the middle fosse is the sella Turcica, a deep depression, which lodges
the pituitary gland, bounded in front by a small eminence on either side, the
middle clinoid process, and behind by a broad square plate of bone, surmounted
at each superior angle by a tubercle, the posterior clinoid process; beneath the
latter process is a groove, for the lodgment of the sixth nerve. On each side of the
sella Turcica is the cavernous groove; it is broad, shallow, and curved somewhat
like the Italic letter /: it commences behind at the foramen lacerum medium, and
terminates on the inner side of the anterior clinoid process. This groove lodges
the cavernous sinus, the internal carotid artery, and the orbital nerves. The sides
of the middle fossa are of considerable depth; they present eminences and depres-
sions for the middle lobes of the brain, and grooves for lodging the branches of
the middle meningeal artery; the latter commence on the outer side of the fora-
men spinosum, and consist of two large branches, an anterior and a posterior; the
former passing upwards and forwards to the anterior inferior angle of the parietal
bone, the latter passing upwards and backwards. The following foramina may
also be seen from before backwards. Most anteriorly is the foramen lacerum
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anterius, or sphenoidal fissure, formed above by the lesser wing of the sphenoid ;
below, by the greater wing; internally, by the body of the sphenoid; and com-
pleted externally by the orbital plate of the frontal bone. It transmits the third,
fourth, the three branches of the ophthalmic division of the fifth, the sixth nerve,
and the ophthalmic vein. Behind the inner extremity of the sphenoidal fissure
is the foramen rotundum, for the passage of the second division of the fifth or
superior maxillary nerve ; still more posteriorly is seen a small orifice, the foramen
Vesalii; this opening is situated between the foramen rotundum and foramen ovale,
a little internal to both; it varies in size in different individuals, and transmits a small
vein. It opens below in the pterygoid fossa, just at the outer side of the scaphoid
depression. Behind and external to the latter opening is the foramen ovale, which
transmits the third division of the fifth or inferior maxillary nerve, the small
meningeal artery, and the small petrosal nerve. On the outer side of the foramen
ovale is the foramen spinosum, for the passage of the middle meningeal artery;
and on the inner side of the foramen ovale, the foramen lacerum medium. The
lower part of this aperture is filled up with cartilage in the recent state. On the
anterior surface of the petrous portion of the temporal bone is seen, from without
inwards, the eminence caused by the projection of the superior semicircular canal,
and the groove leading to the hiatus Fallopii, for the transmission of the petrosal
branch of the Vidian nerve; beneath it, the smaller groove, for the passage of the
smaller petrosal nerve; and near the apex of the bone, the depression for the
Casserian ganglion, and the orifice of the carotid canal, for the passage of the
internal carotid artery and carotid plexus of nerves.

The Posterior Fossa, deeply concave, is the largest of the three, and situated on
a lower level than either of the preceding. It 'is formed by the occipital, the
petrous and mastoid portions of the temporal, and the posterior inferior angle of
the parietal bone; is crossed by three sutures, the petro-occipital, masto-occipital,
and masto-parietal; and lodges the cerebellum, pons Varolii, and medulla oblon-
gata. It is separated from the middle fossa in the median line by the basilar
suture, and on each side by the superior border of the petrous portion of the
temporal bone. This serves for the attachment of the tentorium cerebelli, is
grooved externally for the superior petrosal sinus, and at its inner extremity pre-
sents a notch, upon which rests the fifth nerve. Its circumference is bounded
posteriorly by the grooves for the lateral sinuses. In the centre of this fossa is
the foramen magnum, bounded on either side by a rough tubercle, which gives
attachment to the odontoid ligaments; and a little above these are seen the
internal openings of the anterior condyloid foramina. In front of the foramen
magnum is the basilar process, grooved for the support of the medulla oblongata
and pons Varolii, and articulating on each side with the petrous portion of the tem-
poral bone, forming the petro-occipital suture, the anterior half of which is grooved
for the inferior petrosal sinus, the posterior half being encroached upon by the
foramen lacerum posterius or jugular foramen. This foramen is partially subdi-
vided into two parts; the posterior and larger division transmits the internal jugu-
lar vein, the anterior the eighth pair of nerves. Above the jugular foramen is the
internal auditory foramen, for the auditory and facial nerves and auditory artery;
behind and external to this is the slit-like opening leading into the aquaductus
vestibuli; whilst between the two latter, and near the superior border of the
petrous portion, is a small triangular depression, which lodges a process of
the dura mater, and occasionally transmits a small vein into the substance of the
bone. Behind the foramen magnum are the inferior occipital fosse, which lodge
the lateral lobes of the cerebellum, separated from one another by the internal
occipital crest, which serves for the attachment of the falx cerebelli, and lodges
the occipital sinuses. These fosse are surmounted, above, by the deep transverse
grooves for the lodgment of the lateral sinuses. These channels, in their passage
outwards, groove the occipital bone, the posterior inferior angle of the parietal, the
mastoid portion of the temporal, and the occipital just behind the jugular foramen,
at the back part of which they terminate. Where this sinus grooves the mastoid
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part of the temporal bone, the orifice of the mastoid foramen may be seen; and,
Just previous to its termination, it has opening into it the posterior condyloid
foramen.

The Haternal Surface of the base of the skull (fig. 63) is extremely irregular.
It is bounded in front by the incisor teeth in the upper jaws; behind, by the
superior curved lines of the occipital bone; and laterally, by the alveolar arch, the
lower border of the malar bone, the zygoma, and an imaginary line, extending
from the zygoma to the mastoid process and extremity of the superior curved line
of the occiput. It is formed by the palate processes of the two superior maxillary
and palate bones, the vomer, the pterygoid, under surface of the great wing,
spinous process and part of the body of the sphenoid, the under surface of the
squamous, mastoid, and petrous portions of the temporal, and occipital bones.
The anterior part of the base of the skull is raised above the level of the rest of
this surface (when the skull is turned over for the purpose of examination),
surrounded by the alveolar process, which is thicker behind than in front, and
excavated by sixteen depressions for lodging the teeth of the upper jaw; they
vary in depth and size according to the teeth they contain. Immediately behind
the incisor teeth is the anterior palatine fossa. At the bottom of this fossa may
usually be seen four apertures, two placed laterally, which open above, one in the
floor of each nostril, and transmit the anterior palatine vessels, and two in
the median line of the intermaxillary suture, one in front of the other, the most
anterior one transmitting the left, and the posterior one (the larger)the right
naso-palatine nerve. These two latter canals are sometimes wanting, or they may
join to form a single one, or one of them may open into one of the lateral canals
above referred to. The palatine vault is concave, uneven, perforated by numerous
foramina, marked by depressions for the palatal glands, and crossed by a crucial
suture, which indicates the point of junction of the four bones of which it is com-
posed. One or two small foramina, seen in the alveolar margin behind the incisor
teeth, occasionally seen in the adult, almost constant in young subjects, are called the
incisive foramina ; they transmit nerves and vessels to the incisor teeth. At each
posterior angle of the hard palate is the posterior palatine foramen, for the trans-
mission of the posterior palatine vessels and anterior palatine nerve, and running
forwards and inwards from it a groove, which lodges the same vessels and nerve.
Behind the posterior palatine foramen is the tuberosity of the palate bone, per-
forated by one or more accessory posterior palatine canals, and marked by the
commencement of a ridge, which runs transversely inwards, and serves for the
attachment of the tendinous expansion of the Tensor palati muscle. Projecting
backwards from the centre of the posterior border of the hard palate is the pos-
terior nasal spine, for the attachment of the Azygos uvuls. Behind and above
the hard palate is the posterior aperture of the nares, divided into two parts by
the vomer, bounded above by the body of the sphenoid, below by the horizontal
plate of the palate bone, and laterally by the pterygoid processes of the sphenoid.
Bach aperture measures about an inch in the vertical, and half an inch in the
transverse direction. At the base of the vomer may be seen the expanded ale
of this bone, receiving between them the rostrum of the sphenoid. Near the
lateral margins of the vomer, at the root of the pterygoid processes, are the
pterygo-palatine canals. The pterygoid process, which bounds the posterior
nares on each side, presents near its base the pterygoid or Vidian canal, for the
Vidian nerve and artery. KEach process consists of two plates, which bifurcate
at the extremity to receive the tuberosity of the palate bone, and are separated
behind by the pterygoid fossa, which lodges the Internal pterygoid muscle. The
internal plate 1s long and narrow, presenting on the outer side of its base the
scaphoid fossa, for the origin of the Tensor palati muscle, and at its extremity
the hamular process, around which the tendon of this muscle turns. The external
pterygoid plate is broad, forms the inner boundary of the zygomatic fossa, and
affords attachment to the External pterygoid muscle.
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Behind the nasal fossee in the middle line is the basilar surface of the occipital
bone, presenting in its centre the pharyngeal spine for the attachment of the

Fig..63.—Base of the Skull. External Surface.
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Superior constrictor muscle of the pharynx, with depressions on each side for the
insertion of the Rectus anticus major and minor. At the base of the external
pterygoid plate is the foramen ovale; behind this, the foramen spinosum, and the
prominent spinous process of the sphendid, which gives attachment to the internal
lateral ligament of the lower jaw and the Laxator tympani muscle. External to
the spinous process is the glenoid fossa, divided into two parts by the Glaserian
fissure, the anterior portion, being concave, smooth, bounded in front by the emi-
nentia articularis, and serving for the articulation of the condyle of the lower jaw;
the posterior portion rough, bounded behind by the vaginal process, and serving
for the reception of part of the parotid gland. Emerging from between the laminge
of the vaginal process is the styloid process; and at the base of this process is the
stylo-mastoid foramen, for the exit of the facial nerve, and entrance of the stylo-
mastoid artery. Hxternal to the stylo-mastoid foramen is the auricular fissure for
the auricular branch of the pneumogastric, bounded behind by the mastoid process.
Upon the inner side of the mastoid process is a deep groove, the digastric fossa
and a little more internally, the occipital groove, for the occipital artery. At the
base of the internal pterygoid plate is a large and somewhat triangular aperture,
the foramen lacerum medium, bounded in front by the great wing of the sphenoid,
behind by the apex of the petrous portion of the temporal bone, and internally
by the body of the sphenoid and basilar process of the occipital bone; it presents
in front the posterior orifice of the Vidian canal; behind, the aperture of the
carotid canal. The basilar surface of this opening is filled up in the recent state
by a fibro-cartilaginous substance; across its upper or cerebral aspect pass the
internal carotid artery and Vidian nerve. External to this aperture, the petro-
sphenoidal suture is observed, at the outer termination of which is seen the orifice
of the canal for the Eustachian tube, and that for the Tensor tympani muscle.
Behind this suture is seen the ‘under surface of the petrous portion of the tem-
poral bone, presenting from within outwards the quadrilateral rough surface,
part of which affords attachment to the Levator palati and Tensor tympani
muscles; external to this surface are the orifices of the carotid canal and the
aqueeductus cochles, the former transmitting the internal carotid artery and the
ascending branches of the superior cervical ganglion of the sympathetic, the latter
serving for the passage of a small artery and vein to the cochlea. Behind the
carotid canal is a large aperture, the jugular fossa, formed in front by the petrous
portion of the temporal, and behind by the occipital; it is generally larger on the
right than on the left side; and towards-its cerebral aspect is divided into two parts
by a ridge of bone, which projects usually from the temporal, the anterior or smaller
portion transmitting the three divisions of the eighth pair of nerves; the posterior
transmitting the internal jugular vein and the ascending meningeal vessels, from
the occipital and ascending pharyngeal arteries. On the ridge of bone dividing
the carotid canal from the jugular fossa, is the small foramen for the transmission
of the tympanic nerve; and on the outer wall of the jugular foramen, near the
root of the styloid process, is the small aperture for the transmission of Arnold’s
nerve. Behind the basilar surface of the oceipital bone is the foramen magnum,
bounded on each side by the condyles, rough internally for the attachment of the
alar ligaments, and presenting externally a rough surface, the jugular process,
which serves for the attachment of the Rectus lateralis. On either side of each
condyle anteriorly is the anterior condyloid fossa, perforated by the anterior con-
dyloid foramen, for the passage of the hypoglossal nerve. Behind each condyle
are the posterior condyloid fossz, perforated on one or both sides by the posterior
condyloid foramina, for the transmission of a vein to the lateral sinus. Behind
the foramen magnum is the external occipital crest, terminating above at, the
external occipital protuberance, whilst on each side are seen the superior and
inferior curved lines; these, as well as the surfaces of the bone between them,
being rough for the attachment of numerous muscles.
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LATERAL REGION OF THE SKULL.

The Lateral Region of the Skull is somewhat of a triangular form, its base being
formed by a line extending from the external angular process of the frontal bone
along the temporal ridge backwards to the outer extremity of the superior curved
line of the occiput: and the sides being formed by two lines, the one drawn
downwards and backwards from the external angular process of the frontal bone
to the angle of the lower jaw, the other from the angle of the jaw upwards and
backwards to the extremity of the superior curved line. This region is divisible
into three portions, temporal, mastoid, and zygomatic.

Fig. 64.—Side View of the Skull.
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The Temporal fossa is bounded above and behind by the temporal ridge, which
extends from the external angular process of the frontal upwards and backwards
across the frontal and parietal bones, curving downwards behind to terminate at
the root of the zygomatic process. In front, it is bounded by the frontal, malar,
and great wing of the sphenoid: externally, by the zygomatic arch, formed
conjointly by the malar and temporal bones; below, it is separated from the
zygomatic fossa by the pterygoid ridge, seen on the outer surface of the great
wing of the sphenoid. This fossa is formed by five bones, part of the frontal,
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