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MICROSCOPIC STRUCTURE OF BONE. 17

The Haversian canals vary in diameter from 4l to zt; of
an inch, the average being about ;. The smallest are found
near the outer surface, where the bone is the most compact; but
they gradually become larger towards the interior, where they
open out into the cancellous tissue, or into the medullary cavity.
All, whatever their direction may be, are surrounded by concentric
lamelle of bone; but the number of the lamelle varies around
different canals from 5 to 15 or more; a smaller number in
young bone, and a larger in old. All are lined by a very deli-
cate membrane, continuous with the periosteum. The smallest
canals contain only a single capillary blood-vessel; the larger
contain a network of vessels, while the largest, which gradually
merge into the cancellous tissue, contain marrow as well as
blood-vessels.

Here it may be as well to mention a fact concerning the minute
structure of bone, which should never be lost sight of. It is this:—
that everywhere underneath the membrane in contact with the
surface of bone, whether it be the periosteum covering the exterior,
the prolongation of it lining the Haversian canals, or the medullary
membrane (endosteum) lining the cancelli, there is a delicate layer
of soft connective tissue, with a multitude of small corpuscles
in it, termed ‘osteoblasts.” Now, it has been ascertained that
these osteoblasts, and the soft tissue in which they are imbedded,
are mainly concerned in the formation and the growth of the bone;
and that by the successive ossification of these tissues, the con-
centric layers of bone are produced within the Haversian canals.

Haversian Canals dilated by Inflammation.— The know-
ledge of the free ecirculation of blood Fro. 6,
through the substance of bone gives us
the key to some of the effects produced
by inflammation in it. For exzample, as
inflammation in soft parts is attended by
dilatation of the blood-vessels, so is it in
the case of bone. When bone is actually
inflamed, the blood-vessels in the Haversian

SEPARATION OF LATERS
canals become greatly enlarged, and canse BY INFLAMMATION.

the canals themselves to become larger by absorption of the bone
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OSSIFICATION. 27

fibres like those of common connective tissue. The fibres inter-
lace freely and the meshes between them are filled with blood-
vessels and closely packed granular corpuscles termed ¢ osteo-
blasts.’ These are all the materials required for bone building.

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. TIts component fibres radiate in thicker bundles from the
centre towards the eircumference, sketching in advance the lines
in which the bone is to be laid. Meantime the ©osteoblasts’ have
enormously multiplied. -

Osteoblasts : their Function.—The °osteoblasts’ (bone
buds or germs) are granular nucleated corpuseles about the size of
the colourless corpuseles of the blood. They are so named because
they and their descendants appear to take most important parts
in the actual formation of bone. It is
probable that they are not all destined
to a like future. But one of their chief
funetions appears to be to abstract from
the blood the bone salts, to deposit
them in and around the fibres of the
membrane, and to become themselves
ossified, and buried in the fabric of the
bone, as the bricks of a building are in
the mortar.

From the centre of ossification the
deposit of hone shoots out in needle-
like rays (trabecul®) towards the cir-
cumference, as shown in the annexed
wood-cut (fig. 8). Under a high power PIAGRAMMATIC SKEICH OF PART
the rays of bone can be seen covered z;mmﬁ:&s;ﬂ:;in ?:zﬁ:;;
with layers of osteoblasts, which suc- F®rus. (FRoM A PrEPARATION
cessively ossify, and thus the trabeculee ™ ™® MUSSUM OF THE =. c.

Y : OF SURGEONS, )
grow in thickness. The best place to
study the process is at the points of the rays where the mem-
brane is more or less transparent. The dark rays may be seen
lying amongst the crowd of osteoblasts, and some of the osteo-

Frz. 8.

























PERIOSTEUM. 35

secreting layer of the periosteum forms new bone around that
which is dead, and by degrees encloses it in a bony case. The
dead bone lies loose in this new case, having been detached
from the articular ends, which do not die like the shaft, and
for the reason that the epiphysial ends receive sufficient blood
for their nutrition from the articular arteries, independently
of what they receive from the shaft. The articular ends of
the old bone become in time the articular ends of the new.
Thus, the periosteum has formed a new shaft with a capacious
cavity in its interior, in which the old bone is enclosed, and
will remain so, and be a source of irritation for years, unless
removed by a surgical operation,

Although the periosteum holds the first rank of all the strue-
tures which repair bone, still we are not to suppose that it is
absolutely essential to the process, Under certain circumstances
we find various other structures hecoming transformed into bone.
For example: In a case of compound fracture of the leg, where
a portion of the entire circumference of the tibia, including its
periosteum, was taken away, the vacancy in the bone was filled
up by new osseous substance secreted by the surrounding soft
tissues, and there was no shortening of the limb.* Again, we
occasionally see the intervening soft tissues forming bridges of
bone, and so repairing a fracture where the broken ends them-
selves are widely apart.

Material which Repairs Fracture.-—lractures are re-
paired by a material similar to that out of which bone was
originally formed. The animal matter which is first laid down
is of a fibrous or cartilaginous nature—or a mixture of both, as
the case may be—and then earthy salts are deposited in it. In
the case of a simple fracture, where the broken ends are kept
in contact and perfeetly immovable by surgical appliances, the
bones unite almost like an incised wound of soft parts. After all
the effused blood is ahsorbed from between the broken ends, a
soft fibrous substance (blastema) full of osteoblasts is thrown out
from the ends of the broken bone, which forms a thin layer of
animal matter (intermediate callus) between them. This gradually
hardens, and the bone earth is then deposited in the blastema and
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0CQ0IPITAL BONE. 39

is usually the more movable. However, it should be understood
that a precise rule cannot be laid down with regard to these terms
as applied to muscles, since the origin or fixed attachment, and
the insertion or movable one, may under altered conditions be
reversed.

Thus, the bone near the superior curved line gives origin to
the ¢trapezins’ and ©occipito-frontalis,’ and insertion to the
¢ sterno-cleido-mastoideus * and ¢ splenius capitis.” The surface
between the two lines gives insertion to the ¢ complexus.” Below
the inferior line are the insertions of the ‘rectus capitis posticus
major,’ the ¢rectus capitis posticus minor,’ and the ©obliquus
superior,’

Condyles and Condyloid Foramina.The articular pro-
cesses called the ¢ condyles” are placed one on either side of the
foramen magnum along its anterior half. They are kidney-
shaped and convex, with their anterior ends converging. More-
over, they slant so that their inner margins are lower than their
outer ; and they thus fit into the ©cups’of the ‘atlas’ or first
cervical vertebra. Owing to this arrangement, and the great
strength of the connecting ligaments, dislocation of the head from
the atlas is exceedingly rare. More than this, by fitting together
the two bones, you find that the condyles of the oceiput are much
longer than the cups which receive them ; this permits the back-
ward and forward motion of the head. On the inner side of each
condyle is a rough surface or ¢ tubercle,” to which are attached the
“odontoid” or ¢ check ligaments’ which limit the rotation of the
head. Outside each condyle is the ¢anterior condyloid foramen.’
The direction of this foramen is outwards and forwards. It gives
passage to the ¢ hypoglossal’ or ninth nerve, which, proceeding
from the medulla oblongata, is distributed to the muscles of the
tongue. Immediately above the ¢ anterior condyloid foramen,’ or
canal, as it should be called, there is a heaping-up of bone, which,
not having received a name, may be termed the ¢ eminentia inno-
minata,” It looks like a strong bony bridge over the camal, and
strengthens the base of the skull like a flying arch just over the
condyle. Behind each condyle is a deep depression or ¢ fossa,’ at
the bottom of which is mostly found a ¢ posterior condyloid fora-
























PARIETAL BONE. 45

back of the bone. But in all bones which occur in pairs (i.e. of
which there is a right and left) six aspects must be considered, viz.
a top and bottom,a frent and back, an inner and outer side, and it
becomes necessary in them to know three points instead of two,
in order to place them in the required position, viz. (1) the top or
the bottom ; (2) the front or the back; and (3) the inner or the
outer side. It is best to choose the most striking or obvious
characters of a hone by which to determine these points, as being
the quickest way of arriving at the conclusion. Thus, taking the
parietal bone: (1) the inner side is recognised by its concave
surface, which fits on to the brain, and is marked by its convolu-
tions; (2) the bottom is known by its arched edge for articulation
with the squamous portion of the temporal bone; (3) the tront
is known by the groove for the middle meningeal artery which runs
up close toits edge. Bearing in mind these points, it is impossible
tomistake a right for a left; and with anything less than these three
points, it is equally impossible to know one from the other,

Comparative Osteology.—In Carnivora the temporal muscles
are so extensive that they meet in the middle line of the skull,
where they are attached to a dense median crest of bone, which
represents the temporal ridges coalesced. This is conspicuous in
the skeleton of the tiger. It is interesting to note that the dog
is not born with this median ridge ; at birth the temporal muscle
extends only partly up the side of the head. As the dog grows
the muscle rises further up the head until it meets its fellow in the
middle, and then the ridge begins to be developed. This pro-
gressive increase of the muscle may be due to the habit puppies
have of worrying everything they meet with, or it may be the
result of an hereditary tendency.

In elephants and owls the inner and outer tables of the
parietal bones are separated by enormous air cells.

In man the two originally distinet halves of the frontal unite
and form one bone. In bats the two parietals, which in us remain
distinet, unite and form a single bone; this is also the case in many
rodents, as the hare, but in the rabbit they remain separate. In
Ruminants and Solidungula the parietals are united.


















FRONTAL BONE. 49

leads into the frontal sinus, sometimes directly into the nose ; or
it may open on the posterior or anterior surface of the nasal bones.
It sometimes contains a small artery. Though called ¢ blind,’ it
generally transmits a small vein from the longitudinal sinus into
the frontal cells; and this is one of the anatomical reasons
assigned why bleeding from the nose relieves congestion of the
brain, and why the old practitioners were in the habit of leeching
the nose.

Very often the margins of the groove for the longitudinal sinus
coalesce, so as to form a small ridge, before they reach the
foramen ceum. They give attachment to a perpendicular sheet
of the dura mater (termed, from its shape, the ‘falx cerebri’),
which separates the hemispheres of the brain. Therefore, when
we see a frontal bone with a well-marked ridge along the beginning
of the longitudinal groove, it is but the ossification of part of this
fibrous membrane. Pieces of bone ocecasionally oceur in the falx
cerebri, which remind us of the tentorium cerebelli in some
Carnivora, as tigers, seals, and cats, in which the tentorium is
for the most part bony instead of membranous (Nos. 4608 and
4483).

Orbital Plates.—The ©orbital plates’ (Plate VII. fig. 2)
extend horizontally backwards, and form a concave roof for the
orbit, and a part of the anterior fossa of the cranium. Hold them
to the light, and observe how thin they are. In extreme old age,
when the diploe of the skull becomes absorbed, the orbital plates
have sometimes large holes in them. At any time of life their
thinness renders them liable to be perforated by sharp instruments -
thrust into the orbit. Wounds of the brain from such accidents
are sometimes met with. Sir C. Bell speaks of a young man
having been killed by the thrust of a foil which had lost its
guard, and passed through the orbital plate into the brain. Their
‘cerebral surface’ is slightly convex, and generally ridged and
furrowed by the impressions of the brain. The orbital plates of
the frontal bone are more or less arched in different skulls. Of
course the more they are arched the more they emcroach on the
cranial space, and therefore the less room there is for the anterior
lobes of the brain. Contrast the skull of a monkey with that of
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THE INFERIOR MAXILLARY BONE.

101

lateral movement necessary for grinding the food. This form is
seen in fig. 18, which is taken from the sheep (No. 3767 B).

In the rodent type there is a longitudinal groove
in the temporal bone in which the condyle plays
from before backwards like a plane. Fig. 19 shows
the corresponding surfaces of the glenoid cavity (G),
and the condyle (C), in the capybara (No. 1974).
The joint of the lower jaw in man partakes
somewhat of the nature of these three types: we

Fia, 18.
Q
[

can move our jaw in the vertieal direction, from side to side, and
from before backwards, The teeth of man are likewise inter-

mediate in structure between those of carnivorous
and those of ruminant animals. Man is adapted, by
his dentition, to eat animal or vegetable food, and
is said to be ommivorous. But the presence of
grinding, tearing, and cutting teeth, equally de-
veloped, in the jaws of any animal, is no proof that
he is omnivorous, Monkeys have large canines, yet
live on vegetables ; all bats possess well-formed in-

Fie, 19,

1|
0

cisors, canines, and molars, yet some are purely frugivorous, whilst

the British species live entirely on insects.
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THE ORBITS. 117

Bones Composing Orbit.—Look into the orbit and examine
two four-sided plates, one on the inner side belonging to
the ethmoid, and one on the outer belonging to the great
wing of the sphenoid. The four-sided plate of the ethmoid
articulates above with the frontal; below with the superior
mmilla,rj; bone, in front with the lachrymal and behind with
the sphenoid. Besides these the orbital process of [the palate
bone here comes up between the sphenoid and superior maxilla
(articulating with both of them) and joins the posterior in-
ferior angle of this plate. The four-sided plate of the sphenoid
articulates likewise with the frontal bone above which arches
over from the top of the aforesaid plate of the ethmoid ;
below, its edge is separated from the superior maxillary bone by
the spheno-maxillary fissure; in front, it articulates with the
malar bone, and behind, its edge is separated from the rest of
the sphenoid by the sphenoidal fissure. These articulations
should be traced on the bones and thoroughly mastered. Thus,
seven bones enter into the composition of each orbit: namely
the frontal, ethmoid, and sphenoid, the superior maxilla, the
malar, the lachrymal, and the palate; but there are only eleven
bones in the two orbits, since the first three bones are common to
both.

Sphenoidal and Spheno-maxillary Fissures.—At the
back of the orbit are two wide fissures for the admission of blood-
vessels and nerves. The upper one is the *sphenocidal fissure,’
formed between the greater and lesser wings of the sphenoid bone.
It leads into the ecranium, and transmits the third and fourth
nerves, the ophthalmic branch of the fifth, the sixth nerve, some
filaments of the sympathetic nerve, and the ophthalmic vein. The
lower one, the ¢ spheno-maxillary fissure,’ leads into the zygomatic
fossa. The borders of this fissure are formed internally by the
superior maxillary and palate bones, externally by the sphenoid,
It is completed in front by the malar.® Through this fissure the
infra-orbital artery and the superior maxillary nerve enter the
groove along the floor of the orbit.

There are some points of practical interest about these two
fissures. 1. In blows on the temple, blood is apt to make its way







. Frontal ainus :
Crista paili, Enatrum of Bphencid bone

Ofacko
1?&% a;f bPh'E' m*dﬂ SITIIG.

Nasal spine of
Frontal bone ........

{ Crestof Nasal bone..

ﬂrpan&-u:u"lar plate c.f

Tnoid bone ..

“restof sup” Maxillary bone.._

View of the Septum of the Nose.

Pruba.'Pa.aaaﬂ from Frontal sinus into Middle meatys .,

Middle Spongy ]mne
2 HPENI;:TL[E,EIIIJE
5 uperior S_F_lunt'-_; hﬂnﬂt

it ol Lachrymal,
; bty one
. Unciform process

..Orifice of Ankrum,

Pie rygo-palatine canal..”

ﬁfﬁtﬁn-]?dhﬁnz foramen -]
Middle meatus ... %
Inferior Teakus... .

...Infr Sponpy bone.

. Ant Palakine canal.

View of the three Meatus of the Toge.

Drawn on Stone by T.Godast

From nature byL.Holden Printed by West Newsman& (o


















GENERAL OBSERVATIONS ON THE SKULL. 123

transmits shocks towards its buttresses ; these are firmly wedged
into the base, and all meet at the centre, that is, at the body of
the sphengid_ The frontal part of the arch is ﬁuppnrt.ed b}? the
wings of the sphenoid and the malar bones, the parietal part by
the temporal bones, and the occipital part supports itself by
running, wedge-like, into the base, and abutting on the sphenoid.
A knowledge of the buttresses which support the respective parts
of the skull-cap affords an explanation of the direction which
fractures generally take along the basé of the skull, according as
the injury has been received on the frontal, the parietal, or the
oceipital region of the craninm.

Power of resisting Shocks.—The older French school
generally advocates the doctrine that the cranium resists shocks
after the manner of other spheres, namely, that a blow struck on
one side is transmitted to the opposite one; as when a glass
tumbler, struck smartly with the finger nail, is made to crack on
the opposite side. This they call fracture by ¢ contre-coup.” But
the modern school contends that the eranium resists shocks like all
architectural arches ; and that vibrations, instead of going round
to the base direct, are lost upon the supporting pillars. The
frontal pillars are the malar and sphenoid bones—the parietal
pillars are the tem]}umllbﬂﬂes—-the oceipital pillars are the ribs of
the oceipital bone itself. When the head is struck, the parietal
region is most often the seat of injury. The bone breaks at the
part struck, and the fracture runs on through the temporal bone,
and most frequently through the tympanum—the weakest part.
There are many excavations in the bone which weaken it about
this part; 1, there is the ®meatus auditorius externus’—2, the
cavity of the tympanum itself—3, the jugular fossa—4, the
carotid canal—35, the Eustachian tube. This accounts for the
frequency of hemorrhage from the ear in cases of fracture of
the base of the skull.

Buttresses of the Upper Jaw.—In the bones of the face
there are two points to be noticed—1st, the great strength of the
nasal arch (Plate XXIV.); 2nd, the extreme firmness of the
upper jaw, fixed by its three buttresses on each side—namely, the
nasal, the zygomatic, and the pterygoid. The nasal buttresses






GENERAL OBSERVATIONS ON THE SKULL. 125

the chimpanzee, it is 40°; in the Australian native, 85°; in the
European, 95°. The ancients, in their impersonation of the
beautiful and intellectual, adopted an angle of 100°.5%

Comparative Osteology.—A student may, with careful
observation, discover slight points of difference between opposite
sides of the same skull, For instance, the posterior condyloid
foramen of one side may be wanting, the mastoid process of one
side may be larger than that of the other, or the digastric
fossee may be of unequal size ; one nasal passage may be larger
than the other; the lateral sinus may be much deeper on the one
side than on the other, or there may be a middle clinoid process
on one side only. Asymmetry may occur in men highly gifted,
as in the celebrated French anatomist Bichat. This is no
more than one might expect, seeing the difference often exist-
ing between features of the two sides of the same face. Such
want of symmetry is greatly exaggerated in many of the lower
animals, as may be seen in the Cetacea, in the head of the great
sperm-whale or in that of the narwhal (Mus. Roy. Coll. Surg.),
for the details of which, see the comparative osteclogy of the
superior maxillary bone, But the most striking example of
asymmetry 1s seen in those flat fish which lie usually on their left
sides, viz., soles and plaice (Pleuronectidse, Nos. 179 to 190).
For in them both eyes are on the right or upper side of the
skull, and one orbit only is completed, the eyes being directed
away from the ground on which they lie. The teeth are chiefly
developed on the left side of their jaws—away from the side on
which their eyes are—that is, on the white side. It is interesting
to note that in these fish, when very young, the skulls are sym-
metrical. When the turbot is just hatched, it has an eye on each
side of the head, and it is only by subsequent development that
the asymmetry occurs. The turbot, unlike soles and plaice, lies
on its right side.

Different habits develop different muscles ; and these muscles
give rise to modifications in the form of the bones as well as of the
bodily configuration. It will therefore be extremely interesting to
contrast the skulls of the Carnivora with those of the Ungulata,
or hoofed animals, Take, for example, a tiger's skull and that of
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THE VERTEBRAL COLUMN. 133

2nd Cervical Vertebra: Axis.—The 2nd cervical vertebra
or ¢vertebra dentata’ (Plate XXV. fig. 6) is called the axis’
beeause it is the axis upon which the atlas (with the head)
rotates. The pivot, termed the ¢ odontoid process’ from its re-
semblance to a tooth, rises vertically from the ‘body’ of the
axis, and fits into a ring formed in front by the atlas, and behind
by the strong ¢transverse’ ligament which passes between the
lateral masses of the atlas, and divides the vertebral foramen of
that bone into two parts, an anterior for the reception of the
«odontoid process, and a posterior for the passage of the spinal
cord. It is a mechanism resembling a tenon and mortise.”™ The
odontoid process has a smooth surface in front, which articulates
with the atlas; another behind, on which plays the ligament.
There is a distinet synovial membrane and a layer of cartilage on
each surface, so that they possess all the apparatus of a joint.
Moreover, it is slightly constricted at its lower part (forming what
is called ‘the neck’), which the ©transverse’ ligament clasps
securely. Lastly, its summit or head’ is rough and sloped
laterally. From these lateral slopes proceed the check’ or
“ odontoid * ligaments, which fasten the odontoid process to the
occipital bone. Notwithstanding the strength of its ligaments, the
-odontoid process does sometimes slip out of its ring. The follow-
ing is an instance:—A lady was carrying her child on her
shoulders. Losing its balance, the child clung to its mother’s
head, and drew it suddenly and forcibly backwards. The lady
fell dead. It is more liable to dislocation in children, because
the ligaments are weaker than in the adult. Petit relates the
-case of a child who was instantaneously killed by being lifted
by the head. Considering the importance of the odontoid pro-
-cess, we are not surprised that its internal structure is much
more compact than that of the body of the axis. The upper
“articular processes’ are placed, partly on the body and partly
on the root of each transverse process; they are nearly flat
and ecircular, and slope a little downward and outward. Like
those of the first vertebra, they have a very strong base, and
transmit to the body’ the weight of the head. The ¢ notch; is be-
hind them. The lower ‘articular processes’ are oblique, and placed
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the surgeon does not bear in mind that such an anomaly may exist
in the skeleton. It is sometimes united with the first rib.

Dorsal Vertebree: Distinctive Character. — All the
dorsal vertebrs, and they alone, have facets on the sides of their
bodies with which the heads of the ribs articulate.

Dorsal Vertebrse: General Characters.—lhe general
characters of the twelve dorsal vertebre are as follows :—Their
¢ hodies® are heart-shaped, and smaller than those of the lumbar,
and they have less weight to bear. Their vertical depth is less in
front than behind, especially near the middle of the back, in
adaptation to the dorsal curve. They have two little cup-like
facets on each side for the articulation of the heads of the ribs,
the lower cups being the larger. By referring to the spine
(Plate XXVL.), we observe that the socket for the head of the ribis
formed by the articular facets of two vertebrae with the intervening
fibro-cartilage. Their ¢ spinous processes® are long, clubbed at the
end and slant downwards, so that they overlap each other, especi-
ally near the middle of the back, and prevent extension of the
spine in this region. Their ¢ transverse processes’ are thick and
strong, and each has in front, near its end, an articular surface
for the tuberele of a rib, which it supports like a buttress. Ob-
serve that the transverse processes of the seven upper dorsal
vertebre are very thick and strong, and support the seven true
ribs, whilst the five lower gradually diminish in size ; those of the
eleventh and twelfth are the smallest of all, and they do not sup-
port ribs; these lower ones present three tubercles, of which more
will be said hereafter. The ¢lamina’ are broad and flat, and
slope one over the other. Of the ©articular processes’ the upper
look backward, the lower forward, and the planes of both are so
nearly vertical that it is manifest there can be but little move-
ment between any two dorsal vertebre. The € vertebral foramen *
is nearly round.

1st, 2th, 10th, 1lth, and 1Zth Dorsal Vertebrae.—
The rirsT dorsal vertebra has on the side of its ¢ body * an articular
surface for the whole of the head of the first rib, and a smaller one
at the lower border for half of that of the second rib. Again, the °
upper surface of its body has lateral ridges like the cervical
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vertebree, The NINTH dorsal has usually only half a facet on the
upper part of the body. The TENTH dorsal has generally an entire
facet for the tenth rib. The ELEVENTH and TWELFTH dorsal have
each a single articular facet for the eleventh and twelfth ribs re-
spectively, and their ¢transverse processes,” much reduced in size,
do not articulate with the ribs. Moreover, they are smaller than
in the upper dorsal region, and they resolve themselves into three
tubercles (seen in fig. 25). The TWELFTH dorsal may be distin-

Fra, 25.

d. Superior articular process. d

. Superior tubarcle, a

#i, Hxternal tubercle (rudimen- &
trans. P.).
¢. Inferior tuberele. e

¢. Inferior articular process. e

TWELFTH DORSAL VERTEREA, SHOWING THE THREE TUBERCLES ON THE
TRANSVERSE FPROCESSES.

guished from the ELEVENTH by the fact that its lower articular
processes look outward, like the corresponding processes in the
lumbar vertebrae. Its spinous process is short and square, and
more like those of the lumbar vertebrm. The tubercles of its
transverse process are always well-marked. (Plate XLV. fig. 2.)

Lumbar Vertebre: Distinctive Characters. — The
lumbar vertebre have neither holes in their transverse processes
nor articulations for ribs.

General Characters of the Lumbar Vertebrae.—1he
general characters of the five lumbar vertebrse are as follows:—
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The ¢ bodies* are large and oval, with their broad diameters trans-
verse, and firmly support the trunk. The vertical measurement
of the bodies is greater in front than behind, in adaptation to the
lumbar curve. Their sides are slightly excavated, which economises
weight and bulk. Their ¢ spinous processes’ are broad, in their
vertical measurement, thickest at the lower border, and give good
leverage to the extensor musecles of the spine: they stand out
horizontally, and so do not interfere with the extension of the
back. Their °transverse processes’ are thin and long, and
appear like stunted ribs, but are not true ribs. Their ¢ articular
processes ’ are vertical, and very strong : the upper, slightly con-
cave, look towards each other; the lower, slightly convex, are
nearer together, and fit in between the upper ones of the succeed-
ing vertebra. Thus, these articulations are so shaped that they
admit, not only of extension and flexion of the loins, but of a
certain amount of rotation, which is useful in progression. The
¢ vertebral foramen ’ is triangular, with the angles rounded.

Characters of the last Lumbar Vertebra. The last
lumbar vertebra is distinguished (1) by the slope on the lower sur-
face of its body, in adaptation to the slope of the sacrum; (2) by
the great thickness of the root of its transverse process which springs
more from the body, the ilio-lumbar ligament being attached to
this additional massiveness; (3) by its lower articulating processes
being placed so widely apart ; and (4) by its spinous process being
somewhat reduced in size, thereby leaving room for the free
extension in this part of the back,

Tubercles on the Lower Dorsal and Lumbar Vertebree, —
An observant eye looking at the back of a well-marked spinal
column will find that the transverse processes of the lower dorsal
vertebre have a tendeney to resolve themselves into three bony
prominences at their extremities, The twelfth (often the eleventh)
transverse process actually terminates in three such prominences
or tubercles; one being superior, a second inferior, and a third
external (see fig. 25). The * superior tuberele’ is close behind the
superior articular process. The inferior tubercle’ is in a straight
line immediately below the superior; the ¢ external’ projects in
front of the other two tubercles, and is seen to be in a line with
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“lips.” About the lower third of the shaft these lips diverge from
each other, and may be traced to the ©tuberosities’ of the con-
dyles. The triangular interval between their bifurcation is called
the popliteal surface of the femur, and upon it the popliteal artery
rests in its passage through the ham. Turning to the upper end
of the linea aspera,’ notice that here also its two lips branch off':
one runs to the root of the lesser trochanter, the other to the root
of the greater.

What has been said of the linea aspera, and the upper and
lower divergence of its two lips, will help us towards understand-
ing the muscles attached to it. Take the oufer lip first. The
¢ vastus externusz’ arises from it three-quarters of the way down.
Along the upper third is a very rough surface for the insertion of
the gluteus maximus. This part may very properly be called the
¢ gluteal ridge.” Lastly, there is the origin of the short head of
the biceps, beginning just below the insertion of the gluteus
maximus, and extending nearly down to the external condyle.

The imner lip of the linea aspera gives origin nearly all the
way down to the ¢ vastus internus.’” Into its upper part is inserted
the ¢ pectinens,’ then comes the insertion of the ¢adductor longus,”
and behind both is that of the ¢adductor brevis.” Lastly, the in-
sertion of the €adductor magnus ’ extends all along the line from
the base of the trochanter major to the tuberosity of the inner
condyle, including the adductor tubercle, which is a sharp projec-
tion of bone, giving a firm hold to the tendon. The little interval
purposely left in the drawing (Plate XXXIIIL) is intended to
mark where the tendon gives passage to the popliteal artery.

Canals for Medullary Arteries.—Along the course of the
linea aspera are the orifices of the two canals which convey
nutrient blood-vessels to the marrow.

The front and outer surfaces of the shaft give origin to the
“erureus ’ and to the little muscular slips below, which constitute
the ¢sub-crureus.” The inner surface gives origin to part of the
¢ vastus internus’ (the other and stronger part arising from the
linea aspera). The origin of these muscles does not occupy the
whole of the shaft. Along the lower part, but more especially on
the inner sidey, no muscular fibres arise: here the hone is simply
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amgle. Tt is a prineiple in mechanics that the efficiency of a force
which aects upon a lever is greatest when its direction is at right
angles to the lever, and that the force decreases as the obliguity of
its direction is increased. In shape, the patella is triangular,
with rounded angles, the apex pointing downwards.

Its Two Surfaces.—Its anterior surface is convex, and
arkmed by longitudinal streaks, indicative of the insertion of the
fibres of the extensor tendon.

Its posterior surface is smooth, and crusted in the recent state
with cartilage, in order to play upon the trochlea of the femur.
It is divided by a vertical ridge adapted to the groove in the
femur, and on each side of the ridge are the articular ¢facets’
-corresponding to the condyles of the femur.

Ossification.—The patella is developed from a single centre,
which appears about the second year. It is not fully ossified
antil the age of fourteen or fifteen.

The patella, thus serving a mechanical purpose in the sub-
stance of the extensor tendon, is liable to be broken by a sudden
and violent action of the extensor muscles, as in making a strong
effort to regain the balance of the body in danger of falling back-
wards. In this position—that is, when the knee is half-bent—
the upper part of the patella is not supported by its trochlea:
there is a hollow under it, and here the patella snaps transversely,
like a stick broken across the knee. The broken ends separate
widely, and therefore in these transverse fractures reunion takes
place by ligamentous substance, not by bone.

But even when the knee is mtmde;d violent muscular cc:-utrac—
tion is able to snap the patella. Desault speaks of both patellse
being broken by convulsions in a patient after he had been cut,
for the stome. Opera dancers sometimes break the patella in
practising the step called the ¢ entrechat.’

Right or Left?—One has but to feel one’s own knee to find
that the patella articulates much more extensively with the outer
condyle of the femur than with the inner. The larger facet of
the articular surface is therefore external; the apex, for the
attachment of the ligamentum patellz, points downwards.
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because it probably tallies with the olecranon. It forms a little
lever for the insertion of the biceps (ome of the hamstring
muscles). Besides this, the outer part of the ¢head’ gives attach-
ment to the external lateral ligament of the knee joint.

Shaft. The fibula must be learned when articulated with the
tibia. Immediately below the head, the shaft is rounder and
thinner than elsewhere. The lower three-fourths of the shaft is
triangular. Its three surfaces are placed so that one (internal)
looks towards the tibia ; another looks outwards; the third looks
backwards.

Ridge for Interosseous Membrane.—1he inner or tibial
surface is divided into two unequal parts by a longitudinal nidge
which gives attachment to the interosseous membrane separating
the muscles on the front from those on the back of the leg. Now
the grooved surface behind the ridge in guestion gives origin to
part of the ¢ tibialis posticus’; that in front of it gives origin to
the ¢ extensor communis digitorum * (which arises also from the
head of the fibula and the tibia), to the °©extensor proprius
pollicis,” and to the ¢ peronens tertins,” Thus, four muscles arise
from the inner side of the shaft ; of these, three are situated in
front of the interosseous membrane, and one behind it.

The outer surface of the shaft gives origin to the ¢ peroneus
longus * above and the © peroneus brevis’ below. Towards the
lower end of the bone this surface inclines backwards, and the
tendons of these two muscles play along the groove behind the
external malleolus.

The posterior surface gives origin to two muscles only ;
namely, along its upper third to the ©soleus,’ and along its lower
two-thirds to the ¢ flexor longus pollicis.” Here is the canal for
the medullary vessels.

The anterior border of the shaft is the sharpest, like that of
the tibia. Trace it down the bone, and you find that it bifurcates
abont three inches from the lower end, and encloses a triangular
surface, which is subeutaneous. Here we feel for fractures of the
lower part of the fibula. :

Lower End. Malleolus Externus.—1The lower end of the
fibula descends below the tibia and forms the ¢ malleolus externus’
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caleis); also by a strong and slightly elastic ligament which fills
up the gap left, on the inner side and below, between these bones.
in the skeleton. (Plate XXXVIIL.) Sometimes the under surface
of the ¢ head’ has two separate ¢facets’ to articulate with the os
caleis. These are distinetly marked in children ; and they become
united in adults, owing perhaps to the pressure to which they are
subjected by the practice of wearing high heels.® Tt is this
ligament (caleaneo-scaphoid) which mainly supports the arch of
the foot, and gives it its spring. If this ligament yield more
than it should do, as is sometimes the case in weakly persons,
or in opera-dancers, from excessive straining, or in bakers,
from carrying heavy weights, down goes the arch—the foot be-
comes flat, and the astragalus may sink low enough to touch
the ground.

Inferior Aspect.—lhe inferior aspect rests on the os caleis
by two articular surfaces, one behind the other, and separated by
a deep groove directed from the inner side obliquely outwards and
forwards. Of these surfaces, the posterior is by far the larger,
and placed a little more external than the anterior. The posterior
is concave, the anterior flat, and both of them slant a little down=
wards and forwards. The consequence of this is, that when the
foot sustains the weight of the body, the astragalus slides a little
forwards on the os caleis, and presses with its head firmly against
the scaphoid bone and the caleaneo-scaphoid ligament underneath,
which, being somewhat elastic, yields a little, so that the foot
becomes longer. But this is not all. When we step forward,
while the foot is raised, the bones (os caleis and scaphoid) roll
easily below the astragalus, so that the toes may be directed to
suit the inequalities of the ground : but, the foct once planted,
the body rests perpendicularly on it, the astragalus sinks into its
socket, presses the os caleis backwards and the metatarsal bones
forwards, and thus we have a steady base of support.

Tunnel of the Tarsus,—The groove just alluded to, between
the articular surfaces of the astragalus, corresponds with another
between those of the os calcis. When the bones are together,
the grooves form a complete tunnel (eanalis farsi) beneath
the astragalus, wide on the outside, but narrow on the inside of





















192 : THE CUBOID BONE.

Tue Cvusoip Boxe.

Situation.—The cuboid bone is situated on the outer side of
the tarsus, and is wedged in between the os caleis and the fourth
and fifth metatarsal bones. The base of the wedge is turned
towards the cuneiform bones, so that the pressure in the arch of
the foot is properly distributed. Suppose, for a moment, the base
were turned the other way, would not the lateral thrust from the
external euneiform bone force the euboid out of the arch, and the
falling of the arch be the consequence ?

. Surfaces,—Its posterior surface is slightly concave from
above downwards, and convex from side to side, to articulate with
a corresponding surface on the os caleis.  Observe that the plane
of this joint is the same as that between the scaphoid and astra-
galus. Hence partial amputation of the foot (Chopart’s operation)
here is easy. But it cannot be done at one stroke of the knife,
because the inner corner of the cuboid projects a little beneath
the os caleis, which tends to prevent it being dislocated upwards.

Its anferior surface has two smooth facets, the inner nearly
square, the outer triangular, which support the fourth and fifth
metatarsal bones.

Its internal surface articulates with the third or outer cunei-
form, by a flat oval surface, and, generally, with the scaphoid.

Its imferior surface is traversed by a deep groove which runs
obliquely inwards and forwards and lodges the tendon of the
¢ peronens longus.” The prominent ridge behind the groove, and
the rest of its under surface, give attachment to the calcaneo-
cuboid ligament. Observe near the posterior part of this ridge
a small smooth facet (erusted in the recent state with cartilage),
which articulates with the sesamoid bone in the tendon that plays
in the groove.

Connections.—The cuboid articulates with four bones—the os
caleis, the outer cuneiform, and the fourth and fifth metatarsals
—and sometimes with a fifth, namely the scaphoid.

The cuboid gives origin to parts of two muscles in the sole—
the ¢adductor pollicis,” and the ¢ flexor brevis pollicis.” Remember
that the adductor pollicis arises, not immediately from the bone,
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but from the fibrous sheath which bridges over the groove for the

peroneus longus.
Ossification.—The single nucleus of the cuboid bone appears

at birth,

Right or Left?This bone will be in the same position as
the corresponding one in the student’s body if he hold the groove
for the peroneus longus downwards, the narrow non-articular
edge outwards, and the large concavo-convex surface for articu-
lation with the os ealeis backwards.

Tre CuxeErFoEM BONES.

Position.—The cuneiform or wedge bones are placed at the
front part of the tarsus, and are named the €internal,’ ¢ middle,’
and ¢ external,’ according to their position. Behind, they articulate
with the secaphoid; in front, with the three inner toes, respectively.
The bases of the middle and external are towards the dorsum of
the foot ; but the base of the internal is turned towards the sole, in
order to form one of the buttresses of the transverse arch of the foot,

Internal Cuneiform.—The internal cuneiform is the largest,
and supports the metatarsal bone of the great toe. Its anterior
articular surface is convex, and kidney-shaped, with the long
diameter vertical. Inferiorly, the thick base projects into the
sole considerably below the other cuneiform bones, giving broad
insertion to the tendons of the two muscles which turn the sole
of the foot inwards, namely, the ¢tibialis anticus’ and ¢ posticus.’
Externally, it is slightly concave, and articulates along its upper
and posterior margins with the second cuneiform and the second
metatarsal bones: internally, it is convex, and has a little smooth
surface over which the tendon of the ¢tibialis anticus’ plays,
Posteriorly, it articulates with the scaphoid by a concave surface,
wider below than above.

Thus it articulates with four bones—namely, the scaphoid, the
middle euneiform, and the two inner metatarsals.

Right or Left?—This bone will be in the same position as the
corresponding one in the student’s body if he hold the sharp edge
upwards, the rough non-articular surface inwards, and the smaller
coneave articular surface backwards to articulate with the scaphoid.

0
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Middle Cuneiform.—The second or middle cuneiform bone
is not only the smallest of the three, but does not project so
much as the others; consequently the second metatarsal bone,
which it supports by a triangular surface, is more deeply set in
the tarsus than the other metatarsals. This is a point to be
remembered in removing the metatarsal bones (Hey’s operation).
Posteriorly, it articulates with the scaphoid by a triangular sur-
face with the apex below. It has on each side an articular facet
for the adjoining wedge bones. The external facet, slightly con-
cave, runs vertically along its posterior half in correspondence
with the external cuneiform. The internal facet, slightly convex,
skirts its superior and posterior borders; thus presenting a
horizontal and a vertical portion, in exact correspondence with
the marginal surface of the internal cuneiform. It is one of the
peculiarities of these wedge bones of the foot, that intervals are
left between their sides, for the attachment of the interosseous
ligaments which fasten the bones together.

Connections.—The middle cuneiform articulates with four
bones—the scaphoid, the outer and inner cumeiform, and the
second metatarsal.

Right or Left 2—This bone will be in the same position as
the corresponding one in the student’s body if he hold the apex
of this wedge-shaped bone downwards, the narrowest side of the
base forwards, and the concave side (with the vertical articular
surface only) outwards.

External Cuneiform.—The third or external cuneiform bone
articulates, externally, with the cuboid by a flat oval facet, and
with the inner corner of the fourth metatarsal bone ; internally,
with the middle cuneiform and the second metatarsal ; posteriorly,
with the seaphoid ; anteriorly, it supports the third (its proper)
metatarsal on a triangular surface ; thus it articulates with six
bones. Notice, especially, the extent to which it juts forwards
between the second and fourth metatarsal bones, so that it helps
to support three metatarsals just as the os magnum of the wrist
supports three metacarpals.

The flexor brevis pollicis partly arises from the under surface
of the external cuneiform; and some of the fibres of the tendon
of the tibialis posticus are inserted into it.
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OBSERVATIONS ON THE FOOT AS A WHOLE. 203

An inspection of the separate series of bones in the Osteol.
Mus. of the Royal College of Surgeons will show that the horse
walks on his third toe (i.e. our middle toe), and the pig and cow
on the third and fourth. The kangaroo walks on his fourth and
fifth toes, the second and third being greatly diminished in size.
Birds have three toes usunally developed, viz. the second, third,
and fourth; but the ostrich only has two, viz. the third and the
fourth. The spur of the cock is the great toe nail.

The elephant (Proboscidia, No. 2654) has five toes, and the
weight of the body is supported by a palmar and plantar pad
under the toes.

The Hyrax Capensis (No. 3115 C) will be seen to have four
toes in front, and three behind ; those in front correspond to the
second, third, fourth, and fifth ; those behind to the three middle
ones. The inner nail on the hind foot is much curved.

In Ungulata there are never more than three full-sized toes
on each limb, and they end in hoof-like nails. They are never
plantigrade, but unguligrade, or digitigrade.

A very large number of animals, as cats, dogs, tigers, and most
carnivora, walk on their toes (digitigrade) ; but bears may be seen
to have five toes of equal length, and to walk on the flat of the
foot—that is, they bring the heel to the ground, which makes them
bad walkers but good climbers.

Tigers and cats can at will either show or hide their claws.
When their claws are hidden, the ungual phalanx with the attached
claw is bent backwards and on to the outer side of the second
phalanx by a strong elastic ligament.

When these animals wish to scratch or elimb they set in action
the flexor longus digitorum, which flexes the ungual phalanx and
brings down with it the claw. Examine this beautiful arrange-
ment in the digit of a lion, in the comparative anatomy of the
soft parts in the College of Surgeons’ Museum (No. 287 A).

Bears have not, this power ; Lence their claws are always visible,
and rattle on the ground as they walk.

Compare the foot of the tiger with that of the grizzly bear.
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GENERAL SURVEY OF THE SEELETORN. 263

Upper Limbs.—9. We see, then, that the whole fabric of the
skeleton is so adjusted as to exempt the upper limbs from taking
-any part in its support. These are kept wide apart by the
-clavicles, and their component joints admit of the freest range of
motion. The twenty-seven bomes at the extremity of each con-
stitute those instruments of consummate perfection, the *HANDS,
of which, even if a formal dissertation'®® had not been written,
-one might well forbear to speak, since they have such eloguence
-of their own. ¢Nam ecwmters partes loquentem adjuvant, he,
prope est ut dicam, ipsee loquuntur: his poscimus, pollicemur,
vocamus, dimittimus, minamur, supplicamus, abominamur, time-
mus ; gaudium, tristitiam, dubitationem, confessionem, peeniten-
‘tiam, modum, copiam, numerum, tempus, ostendimus,” 't

Comparative Osteology.—Some of the vertebrata have bones

‘which do not exist in man as such and are only represented in him by
fibrous or cartilaginous tissue. Thusthere is the bone of the heart,
““0s cordis,’” in the bullock—bos taurus--(No. 4), an example of the
-visceral system of bones or splanchno-skeleton. Another instance
is the hony sclerotic of many fishes and some birds.  This is well
‘seen in a specimen from the sun-fish (No. 5). There was a ring of
bone in the sclerotic of the extinet flying lizards (Pterosauria), as
well as in that of the Ichthyosauria, the life-size models of which
-animals are seen at the Crystal Palace. In the Phocid®, Trichechus,
the walrus, and in many dogs, is found the ‘os penis’ (Nos.
-3906, 3907, 3908, 3909, and 3910, the last showing a fracture which
has been repaired). Amnother is the ¢interclavicula® found in
Reptilia. It is often, too, present in birds, though it is in them
confluent with the clavicles. In many of the Lacertilia a partially
ossified, or cartilaginous rod runs up from the symphysis of the
ischia, and supports the front wall of the cloaca, and is called the
“os cloace.” In all pouched animals (Marsupialia), as in the
kangaroo (Macropus major, Ost. Ser. Coll. Surg. Mus. 1724), and
in the Monotremata (that is, in Echidna and Ornithorhynchus,
Ost. Ser. Coll. Surg. Mus. 1698, 1699), are found the marsupial
bones : ossifications, or often only chondrifications, of the internal
pillars of the external abdominal rings,




















































o278 THE ANATOMY OF THE EAR.

snail’s shell, is an exceedingly curious structure. It is placed so
that the base of the shell corresponds to the bottom of the meatus
anditorius internus, while the apex points forwards and outwards
towards the Eustachian tube. It is formed by the spiral con-
volutions of two gradually tapering tubes, or rather by one tube
separated into two compartments by a longitudinal septum
(lamina spiralis), composed partly of thin bome, but chiefly of
membrane. In the diagram the course of the septum is indicated
by a dotted outline. This septum is the most important part of
the cochlea, because the auditory nerve expands upon it. It runs
all through the tube, except at the apex, where it suddenly termi-
nates in a curved hook, and leaves an aperture (helicotrema), so
that the two portions of the tube communicate. One portion
of the tube (scala vestibuli) opens into the vestibule ; the other
portion (scala tympani) leads into the tympanum through the
¢ fenestra rotunda.” This last foramen is open only in the dry bone 3
in the recent state the fenestra rotunda is closed by the ©mem-
brana tympani secundaria,” which therefore has the air of the
tympanum on the one side and the fluid in the cochlea on the
other. The central pillar of the cochlea round which the tube

makes two and a half turns is called the ¢ modiolus ” or ¢ axis.’ _

Semicircular Canals.—The semicircular canals are three in
number, and are called, from their position, ¢ superior,” ¢ posterior,’
and ¢ external.’” They are placed in planes at right angles to each
other like the faces of a eube. Each canal forms the greater part
of a circle, and opens at each end into the vestibule. There are
only five openings, since two of the canals have an opening in
common. Each canal has a dilatation at one end termed the
¢ampulla ;° this makes room for a corresponding dilatation of the
membranous canal within it, upon which the auditory nerve ex-
pands, The ¢ampulla,’ therefore, is the most important part of
each canal,

Uses of these Excavations.—These curious and elaborate
excavations in the petrous home form receptacles for a fluid in
which floats the delicate membrane destined to receive the
terminal filaments of the auditory nerve, This membrane is the
very essence of the organ of hearing. It is to the ear what the
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In the lower and larger depression, we observe the base of the
axis of the cochlea, termed ¢lamina ecribrosa,” because it has a
double row of foramina arranged spirally, as shown in the figure.
Now take any one of these foramina, which appear scarcely larger
than the point of a pin, magnify it with a lens, and you find that
it becomes a fossa pierced by holes varying in number from three
to seven. So fine are the canals which transmit the filaments of
the cochlear nerve! In the centre of the lamina is the orifice of
the central canal of the axis, which is the largest of all. Behind
the lamina are two (sometimes three) openings leading to minute
perforations which transmit the merve to the ¢saccule.’ Lastly,

-on the posterior wall of the meatus is the orifice of a very constant

Fia. 88.

Ampulla of superior semicireular eanal,
Ampulla of external semicircular canal,
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Ampulla of posterior semieircular canal.

MEMBRAMOUS LABYRINTH AND NERYES OF THE LEFT EAR.

canal (represented by the dotted outline) which gives passage to
the vestibular nerve of the posterior semicircular canal,

Membranous Labyrinth.,—The membranous labyrinth com-
prises the two little bladders, termed the ¢utricle’ and the

“saccule,’ in the vestibule, and the membranous semircireular
canals together with part of the cochlea, It floats in the peri-

lymph, and contains the endolymph. It is partly represented in
fig. 88.

Utricle.—The utricle occupies the upper half of the vestibule.
It is very difficult to make a good display of it. The best way to

-examine it, is to remove very carefully the roof of the vestibule

and that of the superior semicircular canal, and then to put the
preparation into water. All the membranous semicircular canals
open into it. It floats free in the perilymph except at its fossa,
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