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COMFPOSITION OF BONE 3

be obtained by burning or calcining the bone: it first bécomes
black from the charring of the animal matter and then white,
the animal matter having been completely burnt off and nothing
left but the ¢ earthy salts.,” If, on the other hand, a bone be
soaked for a few days in a solution of hydrochloric acid (about
one part of the dilute acid to six of distilled water), it loses its
earthy salts, becomes soft, and may be bent in any direction.
Bones are used in making soup for the gelatin they yield on
boiling. Notwithstanding their antiquity, bones that have long
been buried may still retain a considerable quantity of organie
matter. Gimbernat made soup from the gelatin of the mastodon’s
tooth, as Dr. Buckland afterwards did from the fossil bones of
the hymna. The partial Ioss of organic matter renders bones
more brittle and porous, so that when dry they readily absorb
water, and by doing so they adhere when applied to the moistened
lips. The latter feature is often used as a test of antiquity.

Animal and BEarthy Matter.—Irom the above experi-
ments bone is found to contain about one-third of animal matter,
the rest being earthy salts, i.e. about 83 of animal matter and 67
of earthy salts in a hundred parts. Although bones yield gelatin
on boiling, yet it is not this substance, but ossein, which exists in
bone, the ossein becoming converted into gelatin' by the process
of extraction. The portion of the bony matrix forming the
immediate walls of the lacune and canaliculi is said to have
elastin for its organic basis. Bones of children are softer, more
elastic and less likely to be broken by slight injuries than those
of the aged. This is due to the sponginess and great vascularity
of children’s bones, as well as to the fact that in them the shafts
of the bones are united to the epiphyses by a layer of cartilage.
Bone when pure, i.e. when entirely divested of fat or marrow and
blood-vessels, probably does nof differ mueh in eomposition,
whether it be from a child or from an old person, but it varies in
compactness and arrangement, and on these variations the
differences in the strength and elasticity of bones depend.!

The following is a percentage analysis of adult human
bone : ?

! For this and other references see the end of the book, .
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GENERAL STRUCTURE OF BONE T

for instance, the ¢ aqueduct of Fallopius,’ ¢ the antrum of High-
more,” ¢ the fissure of Glaser,’ the ¢canal of Vidius.” These
memorials of anatomists, though interesting to historians, are
rather encumbering to anatomical nomenclature, and are there-
fore very much to be deprecated.

Structure of Bone : Naked Eye.—Let us examine, fivst,
the structure of bone, as it can be seen with the naked eye;
afterwards, its minute structure with the microscope. Lastly,
we will study the development and growth of bone.

The best way to obtain a rough idea of the structure of bone
is to make a vertical section through one of the long bones—say
the femur—all the way down. (Plate I.) We then see that the
outer part, or ¢ wall,” of the bone is compact, like ivory; the
interior is hollow, forming the ¢ medullary canal,” or cavity con-
taining the marrow. The ends, which expand to form the joints,
are composed of a beautiful network of plates and bars of bone,
forming what is called ¢ cancellous or spongy tissue,’ which in the
recent state is also filled with marrow.

Shaft of Bone hollow.—hat are the advantages :}f bones
being hollow? The amount of material being the same, a hollow
eylinder is much stronger than a solid one. It is proved that
the crushing pressures of two cylinders of equal weight and
length, of which one is hollow and the other solid, are, re-
spectively, as the diameters of their transverse sections; pro-
vided always that the diameter of the tube be within eertain
dimensions. Thus, let a b, ¢ d
(figs. 1 and 2) represent the
sections of two eylinders ; then 2
the strength of the tube ¢ d is
to that of the solid a b as the
line 4 ¢ is to the line a b.°

In some animals which b
seldom or never leave the water,
the bones have no medullary cavities, but are completely filled
by ecancellous tissue. This is the case in the penguins (Nos.
1138 to 1140), the whales, and amphibia, whose solid hﬂnes
appear to act as ballast.

Fra. 1. Fie. 2.
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OSSIFICATION 28

and the hyaline intercellular substance is mixed with interlacing
wavy fibres of elastin. It is therefore named ‘yellow fibro-
cartilage.” (Plate IL. fig. 2.)

pemporary Cartilage.—As early as the fourth week of
fetal life, when the embryo is but # of an inch long, the principal
part of the skeleton is mapped out by the formation of firm
masses of tissue called ¢ temporary ’ cartilage, which is only a
variety of the hyaline.

Cartilaginous Skeleton.—A week later the intercellular
substance has more developed in this cartilage, converting it
into ¢ hyaline’ cartilage of more ordinary character, and giving it
greater solidity. Thus, the whole feetal skeleton, with the ex-
ception of the skull-cap and the bones of the face, consists at one
time of hyaline cartilage.

At the fifth week bony substance begins to be formed in
the middle of the clavicle ; at the sixth week in the lower jaw ;
and by the seventh week, when the feetus is about an inch long
(Norm. Hum. Ost. No. 1), a small deposit of bone has made its
appearance in the middle of nearly every bone in the body. The
points at which the formation of bone commences are called
the ‘centres of ossification.” It will therefore be understood
that the formation of bone does not take place at the same time
in all parts of the cartilage, but only about these centres of
ossification.’

Meaning of Centres of Ossification.—Every bone has a
definite number of these centres, which always appear in the
same place; and from these centres the ossification extends
according to a regular plan. The number of centres varies in
different bones. Some bones have only a single centre ; others
two, three, five, seven, &ec.; and the bone called the *sacrum '’
has as many as thirty-three centres from which its ossification is
completed.

Observe, the centres of any given bone do not all appear at
once ; some appear before birth, others after it, but all in regular
succession, and at stated periods, according to the degree of im-
portance of the bone, and the function which it has to perform ;
e.g. the lower jaw and the ribs ossify early, because suction and
























OSSIFICATION o7

individual bones are connected simply by membrane ; and even
at birth they can overlap each other a little, and so facilitate
parturition. Long after birth, indeed, there are parts of the
skull-cap closed in by membrane only, as everyone knows who has
felt the head of an infant. (Plate XVIIIL. fig. 4.) These unossified
parts are called the ‘fontanelles,” from the visible pulsations of
the brain beneath them, like the welling up of a spring. As the
child grows, the rays from the edges of the bones meet and
dovetail so as to form what are called the ¢ sutures.” (Plate XVIII.
fig. 2.) For a long period of life the sutures may be separated ;
indeed, a thin film of animal matter is left unossified between the
interlocking teeth of the bone, which considerably diminishes the
shoek to the brain from a blow on the cranium. As old age creeps
on, even this film of animal matter ossifies, and the cap of the
“skull becomes a solid dome of bone, with all trace of the sutures
lost. _

Microscopic BExamination.—Let us now study what can be
learned with the microscope of the process of ossification in mem-
brane, taking that of the parietal bone as an example.

The membrane or animal basis to be ossified is composed of
fibres like those of common connective tissue. The fibres inter-
lace freely, and the meshes between them are oceupied by blood-
vessels and closely packed granular eorpuscles.

Changes in the Membrane.—The centre of ossification is
at the (future) parietal eminence. Just before the appearance
of the bone salts, the membrane becomes thicker and more vas-
cular, and rich in cells. Its component fibres radiate in thicker
bundles from the centre towards the circumference, sketching in
advance the lines in which the bone is to be laid. Meantime the
cells (‘ osteoblasts ’) have enormously multiplied.

Osteoblasts: their Function.—The °osteoblasts’ (bone
buds or germs) are granular nucleated corpuscles about the
size of the colourless corpuscles of the blood. They are so

"named because they and their descendants appear to take most
important parts in the aetual formation of bone. It is
probable that they are not all destined to a like future. But
one of their chief functions appears to be to abstract from






OSSIFICATION 20

bone-building materials lie. These channels are the Haversian
canals. Some of them remain as cancellous tissue ; others are
Fia. 8.
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YERTICAL SECTION THROUGH AN OBSIFYING PARIETAL BONE.

gradually reduced in size by concentrie layers of bone, and be-
come Haversian systems. (Plate IV. fig. 8.)

Bone Corpuscles: Origin.—The interesting but difficult
question as to the origin of the bone corpuscles and their
connecting processes has been for many years under discussion.
But the now generally accepted doctrine is, that they are
developed from some of the osteoblasts. It has been already
observed that the cells where ossification is oecurring have
probably not all the same future. Some may degenerate and
disappear. Others may remain as marrow cells, or by assuming
the duty of bone formation constitute osteoblasts, these again
when embedded in matrix become the bone corpuscles.

Osteoclasts.— W here bone is being absorbed either as part
of the normal proeess of moulding the skeleton to its adult con-
dition, or in disease, we find the removal to be chiefly if not
entirely effected by large multi-nucleated cells (osteoclasts). The
origin of these is doubtful, they may be the result of fusion of
osteoblasts or of escaped white blood corpuscles. (Plate III. fig. 8.)

Ossification in Cartilage.—We will now endeavour to ex-
plain that the process of ossification in cartilage, rightly under-
stood, is essentially like ossification in membrane. In both cases
the materials for bone-building are similar, namely, connective
tissne, blood-vessels, and the little corpuscles termed ¢osteo-
blasts.” The old school used to teach that the cartilage was
directly transformed into bone tissue. But this is not the modern
doctrine. The microscope has proved that the cartilage is only a
temporary structure, that, having answered a temporary purpose,
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OCCIPITAL BONE BT

lateral borders, @ superior, inferior, and two lateral angles, and
an intra-cranial and an éxtra-cranial surface. DIO% e

Superior Larerin Boroers.—These are two deeply serrated
edges running downwards ahd outwards from the superior to the
lateral angles, and articulating with the posterior borders of
the parietal bones. Together they form the two lambdoidal or
parieto-occipital sutures.

Ixrerior. LaTERan Borpers.—These borders run from the
latexal to the inferior angle. Hach shows, about its middle, a
prominent projection—the outer rough edge of the ‘jugular
process '—for articulation with the under surface of the petrous
portion of the temporal bone. The part of the border, behind
this articular surface, is slightly serrated, concave from above
downwards, and articulates with the mastoid portion of the tem-
poral. The part, in front of the articular surface, is again divided
into" two—a posterior smooth conecave part, called the ¢ jugular
notch,” helping to form the jugular foramen with the petrous por-
tion of the temporal, and an interior rough part looking forwards,
outwards, and slightly downwards for articulation with the pos-
terior border of the petrous portion of the temporal bone.

SupERIOR ANGLE.—It is an acute one, and fits into the inter-
val between the two posterior borders of the parietal bones. Af
‘this angle, the two posterior parieto-occipital sutures and the
‘interparietal suture meet, the point of junction being called the
*¢ lambda.’ : '

LaTeran Axcres.—These angles are obtuse ones, and are re-
ceived into the retiring ones formed by the posterior borders of
the parietal bones and mastoid processes of the temporal bones.
~ Ixreror ANGre.—This, which might be called the anterior
angle, is more a surface than an angle, It is joined to the posterior
-surface of the body of the sphenoid bone, in early life, by carti-
lage ; but, in the adult, this cartilage becomes ossified. If we
therefore, on examininga skull, find that the occipital and the sphe-
noid are completely ossified ‘at this angle, we may say that the
skull has belonged to an individual over twenty-five years of age.

ExTRA-CRANTAL SuRFAcE.— In the middie line, from the superior
to the inferior angle of this surface, we notice ‘the following
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PLATE VIII.
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PLATE XII,

SUPERIOR MAXILLARY BONE.
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PLATE XXI.

Aponeurosis of Pharynx—

Rectus capdis ankicus minor
~ Stylo-pharyngsus,

Stylo-hyoid
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Curves of the Spine.—The curves of the spine are produced
partly by the relative thickness of the bodies of the vertebre in
the different regions, but chigfly by the relative thickness of the
intervertebral fibro-cartilages and the tension and elasticity of
the ‘ligamenta subflava’ which conneet the laminse.

Extent of Motion in Different Regions.— he movements
of the spine are fourfold—(1) flexion and extension; (2) lateral
inclination ; (3) rotation ; (4) circumduction. Flexion and exten-
sion are freest in the cervical, less free in the lumbar, and least free
in the dorsal region. The greatest extension is permitted in the
cervical region and the greatest flexion in the lnmbar, especially
between the fourth and fifth vertebrse. This is chiefly brought
about by the different thickness of the intervertebral cartilages
in the different regions. The other movements are regulated by
the articular surfaces. In the cervical region the articular pro-
cesses are set obliquely and nearly in the same transverse plane ;
consequently pure rotation or pure lateral inclination cannot
oceur, but a gliding motion round an oblique axis takes place,
the vertebre gliding upwards and forwards on one side and
downwards and backwards on the other, or vice versd. In this
way a mixture of lateral flexion and rotation is gained. In the
dorsal region, the articular processes lying in the circumference .
of a circle whose centre is between the bodies of the vertebrez, a
slight degree of rotation is allowed. In the lumbar region the
articular processes lie in the circumference of a circle whose
centre is behind the vertebra, and hence no rotation can oceur ;
the articular processes allow of a certain amount of lateral
inelination, which, mixed with flexion and extension, forms a
slight degree of eireumduction.

Intervertebral Fibro-Cartilage.—The intervertehral fibro-
cartilage provides for the elasticity as well as the flexibility of the
spine. The solidity of this substance gradually diminishes from
the circumference towards the centre, where it forms a soft and
almost inecompressible pulp, permitting, to a limited extent, the
motions of a ball-and-socket joint; namely, a gentle bend in
every direction. Its great elasticity breaks the force of jars by
gradually yielding, and always tends to restore the column to
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THE VERTEBRAL COLUMN 171

that we occasionally find a deficiency of a half of one or more
vertebre. A specimen in the museum of St. Thomas’s Hospital
shows the half of a dorsal interposed in a wedge-shaped way
between the two contiguous vertebree, and Sir William Turner
has lately described the body of the tenth dorsal vertebra of a
Maori skeleton as consisting of two distinet lateral wedge-shaped
portions, separated by a mesial cleft.

Exceptions to the General Rule.— Where vertebre under-
go great modifications of form, we meet with exceptions to the
above rule.

Thus the atlas has one or two centres of ossification for the
anterior arch, which appear in the first year., The posterior
arch and lateral masses are formed from two lateral centres,
appearing about the seventh week. These lateral centres join
behind in the third year, and unite with the anterior arch in the
fifth or sixth year. Frequently there isa separate centre for the
rudimentary spinous process at the back of the posterior arch.
The development of the axis, as far as its neural arch and pro-
cesses are concerned, is the same as in an ordinary vertebra.
The body is developed from one or two centres which are common
to it and the root of the odontoid process, and which appear
about the fourth month. The rest of the odontoid process is
formed by two lateral centres, appearing a little later than the
centre for the body, and joining it in the third year, and a centre
situated at the apex of the process appearing in the second year.
The separate centres of ossification for the odontoid process help
to justify the opinion that the odontoid process is really the body
of the atlas.

Comparative Osteology.—In all known mammalia there
are seven cervical vertebrse, with the following exceptions : Hoff-
mann’s two-toed sloth—Cholepus Hoffmannii (No. 8489)—has
six ; the Three-toed sloth—Bradypus Tridactylus (No. 8422)—has
nine. In Bradypus, however, the ninth, and sometimes the
eighth, bears a pair of short movable ribs; the manatee, again—
Manatus Americanus (No. 2729)—has only six cervieal vertebrsm.
The number of cervical vertebre bears in no case any relation
to the length of the neck. The short neck of the whale and the
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08 INNOMINATUM 181

(Plate XXX. fig. 8) : the ischium contributes rather more than
two-fifths, the ilium rather less than two-fifths, and the pubes
about one-fifth. Until the age of puberty they are separated at
the bottom of the acetabulum by a piece of cartilage shaped like
the letter Y; in the adult, however, little trace is left of the
original division, so that, for practical purposes, it is better to
consider the bone as one.

Looking at the bone generally, we notice that it is constricted
in the middle, so as to assume somewhat of an hour-glass shape.
The constricted portion we call the ‘isthmus’ of the innominate
bone. At this isthmus the bone is twisted in such a way that
a surface which looks upwards, inwards, and forwards above

looks inwards, backwards, and slightly upwards below.

‘ As the ilium, pubes, and ischium merge into one another at
the isthmus, without any line of demarcation between them in
the fully formed bone, it is more convenient to consider the os
innominatum as a whole, and as having a general circumference,
enclosing an external and an internal surface. In studying the
relative bearings of the several parts of the bone, it is well to
hold it as it lies in the erect position of the body. This position
is obtained by placing the bone in such a way that the notch in
the margin of the acetabulum directly faces the ground, or that
the anterior superior iliac spine and the spine of the pubes are in
the same vertical plane. '

Circumference.—This may be divided into an upper part,
looking more or less upwards; an anterior part, looking for-
wards and slightly upwards ; a lower part, looking downwards and
slightly forwards; and a posterior part, looking backwards and
somewhat inwards.

The upper part, or border, presents more the appearance of a
surface than of a border. It is called the ¢ crest of the ilium.’
When looked at from side to side it is pretty uniformly convex
upwards, with the highest point of the curve just behind the
middle.

When viewed from above downwards it is curved so as to
present from before backwards externally, first a slight concavity,
next a larger convexity, next a still larger concavity, and lastly
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PLATE XL.

Drawn on Stane by T. Godart.
trom nature by L.Holden Primted 'h':,r West Newman k& Co
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08 HYOIDES 345

of the head and neck. The inner surface is smooth, presents
a sinuosity corresponding to the twist of the external surface,
and is covered by the thyro-hyoid membrane. The wupper
border is sharp and attaches the thyro-hyoid membrane. The
lower border is sharp posteriorly, broad and rough anteriorly,
lies in a plane external to the upper border, and gives attach-
ment to & musele. The posterior extremity is rounded, swollen
and smooth, and gives attachment to the lateral thyro-hyoid
ligament. The anterior extremity shows a small half-facet
above, for articulation with the lesser horn, and a large oval
facet below for union with the similar facet already deseribed
as existing upon the lateral border of the body.

Lesser Cornua.—The lesser cornu (‘ cerato-hyal ’ part) is not
much larger than a barley-corn, and projects upwards and back-
wards from the upper end of the junction of the body with the
greater horn. It varies in size in different persons and in the same
bone on opposite sides. Its apex gives attachment to the stylo-
hyoid ligament, and its base articulates, by a complete synovial
joint, with the body and greater horn, and is freely movable.
It gives attachment to museles as shown in the plate.

Ossification.—The bone is ossified from five centres—one
for the body and one for each of the four cornua. The body
and greater cornua begin to ossify in the last month of feetal life,
the lesser cornua in the first year after birth.

The greater cornua are usually ossified to the body after
middle age, and the lesser ones sometimes in advanced age.

Comparative Osteology.—The posterior surface of the hyoid
bone 18 concave from side to side and from above downwards.
This concavity is characteristic of the higher mammalia. In the
gorilla it will lodge the tip of the finger, while in the howling
monkey, Mycetes laniger, it develops into a sac large enough to
hold a pigeon’s egg.

Notice a remarkable anterior projection from the front of the
body of the hyoid bone of the horse, seen also more or less in
many other animals and especially in birds. (Sep. Ser. Mus.
Roy. Coll. Surg.)
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