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PREFACE.

e

Tue subject of Odontology, like every other branch
of biologieal science, has of late years received many
additions, some of which are of much importance ;
nevertheless, these recent accessions to our knowledge
are nowhere to be found in a collected form, but
must be sought for in the pages of various original
memoirs, some of them not very accessible. _

But although the need for such a book has arisen,
the compilation of a really comprehensive work on
Odontology would, be a task beyond my powers, and
my aim in the present volume is a far humbler one.

In the discharge of my duties as Lecturer on
Dental Andtomy at the Dental Hospital of London, I
have long been embarrassed by the want of any
manual sufficiently recent to embody the advances
which have been made of late years, and yet not too
comprehensive in its scope, which T could recommend
students to adopt for use as a text-book ; in writing
this volume my endeavour has been to supply this
want.

But the execution of my task has taken much
longer than I at first anticipated ; for it happened
that recent researches in the field of development had
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materially altered our conceptions of the development
of mammalian teeth, but nothing, or next to nothing,
had been done towards extending these researches to
the development of piscine and reptilian teeth, while to
have issued the book with such a hiatus would have
been very unsatisfactory.

To the elucidation of this branch of the subject 1
first addressed myself, and in the section of the book
relating to the development of the teeth, of Fish and
Reptiles especially, which is necessarily somewhat brief,
alone can I lay claim to originality.

In the rest of the volume I have freely used what-
ever material was available ; I should more particu-
larly mention my father’s Lectures on Dental Physi-
ology and Surgery, Professor Owen’s Odontography
and the more recent chapters on this subject in his
Anatomy of Vertebrate Animals, Professor Flower’s
Lectures on the Teeth (as reported in the “British
Medical Journal,” 1871), and Kolliker’s and Stricker’s
Histologies, as having been laid under contribution, as
well as many other works to which reference is made
in the text.

Some little resemblance will be found between por-
tions of this volume (especially Chapter V.) and por-
tions of my father’s  Dental Surgery,” which, in the
absence at the time that it was written of any recent
work on Dental Anatomy, contained a good deal more
strictly relating to this section of the subject ; and
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the resemblance was the less avoidable, inasmuch
as the “ Dental Surgery” was revised and added to by
myself some three years ago.

But as this is intended for a student’s manual I
have not atfémpted to give references to all the
authors consulted, nor to give authority for the state-
ments made, save where the importance of the work,
or the general acceptance of views adverse to those
adopted in the text, seemed to require it.

By the kind permission of the council of the Odon-
tological Suciety, I have made use of a considerable
number of blocks illustrating papers by other writers
in the Transactions of that Society; many of the
figures representing the forms of the several human
teeth are borrowed, by permission of the publishers,
from my father’s Lectures on Dental Physiology and
Surgery, whilst the cuts illustrating the growth and
development of the jaws are mostly taken from the
earlier chapters of the second edition of my father’s
Dental Surgery; a few illustrations have also been
borrowed from Wilson’s Anatomy and Frey’s Histo-
logy ; with a few exceptions, the remaining illustra-
tions, upwards of a hundred in number, have been
specially executed for this volume from original draw-
ings and specimens,

CHARLES S, TOMES.

37, CAVENDISH SQUARE,
Uctober, 1876,
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MANUAL OF DENTAL ANATOMY

HUMAN AND COMPARATIVE.

CHAPTER 1.
THE TEETH OF MAN.

THE range of the subject of Dental Anatomy turns upon
the meaning which is attached to the word “ Tooth ;” but,
although this chapter might most appropriately open with
a definition of this word, it is very much easier to explain
what is ordinarily understood by it, than to frame any
single sentence which shall fulfil the requirements of logical
definition, Most vertebrate and a great many invertebrate
animals have certain hard masses in or near to the orifice
of the alimentary canal, i.c, the mouth ; by these hard
masses, sometimes of bony and sometimes of horny nature,
various offices in connection with the prehension or com-
minution of food(') are performed, and to them the term
“teeth” is applied.

The subject of the homologies of the teeth cannot be
profitably entered upon until the details of their develop-
ment have been mastered ; still a few words may be even
here devoted to the elucidation of their real nature,

(') In many animals teeth have come to be nsed for other purposes

than these, such as for sexual warfare ; but it can hardly be doubted that
teeth have primarily to do with the nourishment of their possessor.

It



2 A MANUAL OF DENTAL ANATOMY.

The mucous membrane which lines the alimentary
canal is continuous with—is, indeed, a part of— the
external skin, with which it blends at the lips. Now
if a young dog-fish, just about to be hatched, be ex-
amined, it will be found that it has no distinet under
lip, but that its skin turns in over its rounded jaw
without interruption. The skin outside carries spines
(placoid scales), and these spines are continued over
that part of it which enters the mouth and bends
over the jaws ; only they are a little lIarger in this latter
position. If the growth of the dog-fish be followed, these
spines of the skin which cover the jaws become developed
to a far greater size than those outside, and the identity
and continuity of the two becomes to some extent masked.
No one can doubt, whether from the comparison of adult
forms or from a study of the development of the parts,
that the teeth of the shark correspond to the teeth of other
fish, and these again to those of reptiles and mammals ; it
may be clearly demonstrated that the teeth of the shark
are nothing more than highly developed spines of the skin,
«nd therefore we infer that all teeth bear a similar relation
to the skin, This is what is meant when teeth are called
¢ dermal appendages,” and are said to be perfectly distinct
from the internal bony skeleton of the animal ; the teeth of
the shark (and of many other creatures) remain imbedded in
tough mucous membrane, and never acquire any connection
with the bone. All teeth alike are developed from a part
of the mucous membrane, and any connection which they
may ultimately get with the bone is a secondary matter.

In their simpler forms, then, teeth are met with as very
numerous spines, differing but little from the spines of the
skin except in size, and still less from one another. In
many fish the teeth, though more specialised, are scattered
over almost every one of the numerous bones which form
part of the walls of the mouth and pharynx ; in reptiles
they are much more limited in position, and in mammals

il




THE TEETH OF MANXN. 3

are absolutely confined to the intermaxillary, maxillary,
and mandibular (lower maxillary) bones. In fish and rep-
tiles it is the exception for the teeth in different parts of
the mouth to differ markedly from each other ; in mam-
mals it is the rule, 3

Teeth owe their hardness to an impregnation with salts
of lime ; the organic matrix may be of albuminoid cha-
racter, in which case the tooth is of horny consistence, and
1s spoken of as “ cornified ;” or the matrix may be, like that
of bone, gelatigenous, in which case the tooth is more richly
impregnated with salts, and is spoken of as * calcified.”

The great mass of a caleified tooth is nsually made up of
“ dentine,” which gives to it its characteristic form, and
often practically constitutes the whole tooth ; to this may
or may not be superadded enamel and cementum.

Originally every part of the hard tooth was laid down in
soft tissues ; calcification may proceed from without in-
wards till none of the soft tissue remaing, or it may stop
short of its obliteration, so that a mass of soft structure is
enclosed in a shell of hard dentine, and constitutes the
“nerve” or “pulp” of the tooth,

Again, this vascular pulp may be continually bein g
converted into new dentine, and as constantly being itself
reproduced at its base, in which case we have a tooth of
perpetual growth ; or it may cease to be active, and become
more completely hemmed around by dentine, as is the case
in the human tooth and all other teeth with roots.

Without further prelude we may pass to a description
of the form of human teeth, this course appearing to me,
after some little consideration, to afford to the student the
most advantageous introduction to the subject ; to all the
matters alluded to in these few prefatory remarks more
full reference will be made at a later page, when they can
be treated of more advantageously,

Even if it were possible for the student to enter
upon the subject of the forins assumed by teeth with no

B 2



4 A MANUAL OF DENTAL ANATOMY.

knowledge whatever of his own, it may be doubted whether
it wounld not still be advisable to commence by an accurate
description of human teeth, as being the standard with which
he is likely, consciously or unconsciously, to compare those
other forms with which he afterwards becomes acquainted.
And as some little idea of the forms of human teeth is pos-
sessed by every one, it is very desirable to reduce the vague
conception into an accurate knowledge before proceeding
farther. On this ground, then, and not because a specialised
form such as man is a fair“type,” I will commence by a de-
seription of the forms of the several human teeth, prefacing
it by a few words as to the characters by which man’s den-
tition differs from that of all other animals.

In the human subject no tooth rises above the level of

its fellows, and the teeth are arranged in close contact,

with no interspaces between them. The teeth are ranged
around the margins of the jaws in a parabolic curve, o
something approximating to one ; in the lowest races of
mankind the curve tends to a squarish, oblong form, owing
to the prominence of the canines (conipare the figure of
the dentition of Simia Satyrus), whilst a deviation in the
opposite directions is daily becoming more cOmMmon in the
most highly civilised races, resulting in a contour to which
in extreme cases the mame of V-shaped maxilla is ap-
plied.

The teeth of the upper jaw are ranged along a curve of
jarger dimensions than those of the lower, the ineisors pass-
ing in front of the corresponding lower teeth, and the ex-
ternal cusps of the bicuspids and molars closing outside
those of the lower teeth.

There are, however, some points of detail to be noted in
the relation borne by the upper to the lower teeth, besides
that comprized in the general statement that the former
lie outside the latter, by which it is broughteabout that
each tooth is antagonised by portions of two teeth in the
other jaw, and has not only a single opponent.

"
NI A SSR——

i
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THE TEETH OF MAN. )

Tt is usual to represent the dentition of any animal by
what is termed a dental formula, which enables the reader
at a glance to see the number of teeth of each variety pos-
sessed by the creature. Thus, instead of writing out at
length that man has two incisors on each side in both
upper and lower jaws, one canine, two Dbicuspids or pre-
molars, &c., we write it thus :—

I 2 i 2 B

SR O P = = = B
2 T 2 3 %
or in the deciduous set :—
I. -% n._l 111, E. = 20.
# 1 2

For the purpose of description three parts of the tooth
are distinguished by name, viz., the crown, neck, and root.

This distinetion of parts which we make in deseribing
human teeth, when we speak of crown, neck, and root, is
applicable to the great majority of mammalian teeth,
though there are some few simple forms of teeth in which
no such differentiation of parts can be seen.

The crown is that portion which is exposed above the
borders of the gum, and is in most teeth coated with
enamel ; the neck is that portion which corresponds to the
edge of the gum, and intervenes between the edges of the
bony sockets and the edge of the enamel ; the root is that
part which is enclosed within the bony  socket, and is
covered by cementum only,

Of these it is to be remarked that the “neck,” although
a convenient and necessary term for descriptive purposes,
marks an arbitrary division of less importance than that
expressed by crown and root ; also that although this divi-
sion into three parts can be made in the case of socketed
teeth of limited growth, no such distinction of parts can
be made in teeth of perpetual growth.

Special names have been applied to the various surfaces
of the crowns, as, owing to the curvature of the alveolar
line, terms which had reference to front, back, or sides
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would, in different parts of the mouth, indicate different
surfaces, and so lead to confusion.

The lips and tongue and the median line of the mouth,
however, are not open to this objection, so the surfaces
which are divected outwards towards the lips are called
““ Jabial ;” and those inwards towards the tongue “lingnal ;”
the interstitial surfaces are called ©median  and “ distal,”
the word median being applied to the surface which would
look towards the middle line of the mouth had the alveolar
border been straightened out. In other words, behind the
canine, the  median” is equivalent to anterior, and *“ distal”
to posterior surface.

Forms of the several Teeth.—It js usual to speak of the
teeth as being modified cones, and to attribute their variations
to deviations from this typical shape. In a broad sense this
may be true of the simplest teeth, such as are met with in
some fish and reptiles and monophyodont mammals, which
are little more than simple cones ; but there are indications
which wonld lead us to select something more complex than
this as the fundamental form of a mammalian tooth, for even
among the monophyodonts, as I have elsewhere pointed out,
the armadillo hasa bilobed tooth germ, the one cusp predo-
minating over the other. I do not think that we have at
present the data upon which fo certainly determine the
fundamental form of the mammalian teoth.

The full consideration of the homologies of the parts of
teeth may advantageously be deferred to a later part of the
book:; but a few words on the subject introduced here may,
perchance, serve to lend a little interest to the dry details
of description.

There is the clearest possible evidence that all the tecth
in the jaw of a mammal may have been derived from a
single form ; in other words, marked though the distine-
tion between incisors, canines, bicuspids, and molars seems
to be at first sight, a closer inspection reveals various gra-
dational or transitional characters linking them together,
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This may be seen by a careful study of the' human teeth, as
I shall endeavour to show ; but it is much more conspi-
cuously seen in an extinct animal (Homalodontotherium),
an extinct ungulate from Patagonia, described by Professor
Flower (Philos. Trans. 1874), which apparently possessed
the full typical number of teeth, viz, forty-four. The
point in which its dentition is ehiefly instructive is that the
tecth, in close juxtaposition one with another, present an
exceedingly perfect gradation of form from the front to the
back of the mouth, no tooth differing markedly from its
neighbour, though the difference between, say, the first
incisor and firet molar, is exceedingly great. In Professor
Flowers’ words, “it is only by the analogy of other forms
that they can be separated into the groups convenient for
descriptive purposes; designated as incisors, canines, premo-
lars, and molars.”

In viewing the gradational characters which do exist be-
tween the various humau teeth, it must not be forgotten
that some links in the chain have dropped out and are
absent. Mention has already been made of the full typical
number-of mammalian teeth being 44, t.e.

el | 4 3
I Ec.Ipml.am. S 44,
The human subject does not possess the third incisor, nor
the first two premolars, so that a somewhat abrupt change
of form in passing from the incisors to the canines, and
from the latter to the bicuspids, is no more than might be
anticipated.

It may be stated, as generally true, that the teeth are
somewhat larger on their labial than on their inner aspect,
a result which necessarily follows from their standing with-
out interspaces along a curved line. And as great variations
in size and shape, as well as in colour, are found to exist
between different individuals, it is only possible to give
such a description as shall apply to the generality of teeth.

Incisors,—Of these there are four in each jaw ; two cen-
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tral, two lateral incisors. Their working surfaces form
wedges, or obtuse and blunt-edged chisels, calculated to
divide food of moderate consistency.

Upper Incisors—The centrals are very much larger than
the laterals, and viewed either from the back or front taper
with some regularity from the cutting edge to the point of
the root, the neck not being marked by strong constriction.
The erown of the tooth, as seen [rom the front, is squarish,
or more strictly, oblong, its length being greater than its
breadth.

The median side, by which it is in contact with its fellow,
is a little longer than the distal surface, so that the inner
angle of the crown is a little lower, and, as a necessary con-
sequence, a little more acute than the distal angle of the
cutting edge. Near to its base the crowns narrow rather
abruptly, so that near to the.neck a space 1s left between

the contiguous teeth.

Fig. 1. (1)

The anterior (labial) surface is slightly convex in each
direction, and often presents slight longitudinal depres-
sions, which end at the cutting edge in slight notches. The
posterior or lingnal surface is nearly flat from side to side,
with a slight tendency te concavity, while from above

(") Front and side view of a left upper central incisor—
o Distal surface. i Neck. ¢ Root.
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downwards it is distinctly concave, and often presents
longitudinal depressions similar to those on the labial sur-
face. The lingunal surface towards the gum terminates in a
distinet prominence, oftentimes amounting to a bounding
ring of enamel, termed the basal ridge, or, in the langnage
of comparative anatomy, the cingulum. The crown, or
what amounts to the same thing, the enamel, terminates on
the lingual and labial aspect of the tooth in a curved line,
the convexity of the curve being directed upwards towards
the gum; on the interstitial surfaces, both median and
distal, the curve is less regular, and its contour would be
more correctly described as V-shaped, the apex of the V
being towards the crown of the tooth and away from the
gum. The dentist will do well to remember the disposition
of the enamel 1n this situation, as 1t is a point of some
importance in shaping the cervical edge of a cavity pre-
paratory to filling it.

The transverse indentation of the enamel met with both
on lingual and labial surfaces, though more especially in the
latter, are marks of arrest of development, and, common as
they are, are to be regarded as abnormalities,

The central incisors are larger than the laterals, though
not in so great degree as is the case in the anthropoid
apes.

. In recently-cut teeth the thin cutting edge is elevated
into three slight cusps, which soon wear down and dis-
appear alter the tooth has been in use.

‘The cingulum or basal ridge is variable in the extent of
its development ; it rarely rises into a median prominence
at the back, but in the angle where the ridges of the two
sides meet a deep pit is often left in the enamel, which is
a favourite site for caries.

The pulp cavity bears a general resemblance to the ex-
ternal contour of the tooth ; towards the cutting edge it is

- very thin, and is prolonged at its two corners to a slight
extent into ““ cornua ;” at the neck it is cylindrical, and is
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also cylindrical in the root, tapering aradually till it ap-
proaches close to the apex, when it becomes suddenly con-
stricted.

Upper Lateral Tncisors are in every dimension somewhat
smaller than the centrals. They widen somewhat abruptly
near to the cutting edge, but below this they taper preity
regularly to the end of the root ; the labial surface 1s con-
vex .in each direction, while the lingual surface is perhaps
rather flatter than that of a central incisor. '

The outer (distal) angle of the.crown 1s far more rounded
or sloped away than in the centrals, and the distal surface,
looking towards the canine, is in a slight degree convex ;
the median surface is slightly concave,

The enamel terminates towards the gum in contours pre-
cisely similar to those which obtain in the centrals: but
the basal ridge, or cingulum, is often more strongly pro-
nounced, and the presence of a median tubercle upon it 1s
less infrequent. From this greater prominence of the cin-
gulum, caries is more frequent upon the lingual surfaces of
upper lateral than upon those of upper central ineisors.

Fig. 2.()

The pulp cavity is, relatively to {he whole tooth, perhaps
a little larger than in the central incisors ; in other respects
the same description will suffice.

Tower Central Incisors are very much narrower than those
of the upper jaw ; not more than half the width at their

{*}. Front and side view of a left upper lateral incisor.
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cutting edges, which again are much wider than the neck
of the tooth.

From before backwards they are deep at the neck ; hence
the fangs are very much flattened from side to side, and
rotation is inadmissible in the attempt to extract them.

The enamel contour at the neck is similar to that of the
upper incisors, but there is no well-marked basal ridge.

Fig. 3. (")

Lower Lateral Incisors ave, unlike the upper teeth, dis-
tinctly larger than the centrals in each one of their dimen-
sions, but more especially in the length of their fangs,
which are much flattened, and often present on their sides
a median longitudinal depression, sometimes amounting to
an actual groove,

The distal angle of the erown is rounded off like that of
the upper lateral incisors, though not so markedly,

Cananes, Cuspidati, Eye Teeth, are, in all respects, stouter
teeth than the inecisors ; not only are the crowns thicker
and stronger, but the roots are very much longer.

The crown terminates in a blunt point, which lies in a
straight line with the long axis of the root ; a feebly pro-
nounced line or ridge runs down the outer surface of the
tooth from this point to the neck. The crown slopes away
both before and behind the point or cusp, but as that side
of the tooth which lies next to the bicuspid is convex, and
as 1t were produced towards that tooth, the slope is longer

(') Front and side view of lower central incisor,

\
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on the distal than on the mesial half of the crown. The
crown thus not being perfectly symmetrical renders 1t easy
to determine at a glance to which side of the mouth the
canine belongs.

The internal or lingual surface is not concave like that of
the incisors, but is in a slight degree convex, and a median
ridge runs down it from the apex of the cusp ; this ridge
where it meets with the ridge which borders the lingual
surface and corresponds with the cingulum of the incisor
teeth, is often developed into a well-marked preminence or
Cusp.

Fig. 4. (V)

The inmer section of the neck is nearly triangular, the
outer or labial being much wider than the lingnal aspect.

Lower canines are less pronounced in form than the cor-
responding upper teeth : the point is more blunted, the
fang shorter, the perpendicular labial ridge not being
traceable, and the want of symmetry between the mesial
and distal halves of the crown less marked. The lingual
surface has perhaps a greater tendency to concavity.

Premolars, Bicuspuds, are eight in number, two on each
side of both upper and lower jaws, and they correspond
to the third and fourth premolars of the typical mamma-

() Lingual, labial, and distal surfaces of an upper canine, showing the
basal cusp and the three ridges which converge towards it
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lian dentition, the first and second premolars not being re-
presented in man,

Upper Premolars.—The crown, as seen looking upon its
arinding surface, is roughly quadrilateral, its outer or

¢zl Vingremd border being, however, larger and thicker than its

inner, and the teeth are carried round the curved line of the
alveolar border mainly by means of this difference in size
in the external and internal portions of the canines and the
“two bicuspids,

Fig. 5. (1)

As is implied by its name, the crown has two eusps, of
which the outer is the larger and stouter, and broader.
The outer and inner surfaces (labial and lingunal) are con-
vex and smooth, with no basal ridges. The inner and outer
cusps are not joined by a transverse ridge; instead of this
there is a deep transverse fissure; but slight elevations
border the anterior and posterior (mesial and distal) edges
of the grinding surface.

The root is single, and much compressed from side to
side: very often, however, it is double for the greater part
of its length, and if not so divided is often marked by a
aroove upon each side, indicating a tendency towards such
division. The outer border of the root is also often marked
by a longitudinal furrow, which may amount to complete
division. In fact a bicuspid may have three perfectly dis-
tinct roots, like a molar, or it may have any form of root
intermediate between this and its typical single laterally-
flattened root. The first bicuspid is more variable in respect
of its roots than the second.

The second upper bicuspid differs from the first in that

(*) Grinding surface of an upper bicuspid.
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the difference in size between its outer and inner cusps is
less, the inner cusp being relatively considerably larger
and, indeed, often preponderating over the labial cusp
in length.

The pulp cavity in the crown is furnished with distinct
cornua ; at the neck it is very much flattened from side to
side, being often reduced to a mere fissure, which is how-
ever considerably larger at its two extremities than in its
middle. Hence the pulp cavity of an upper bicuspid is
difficult to fill ; a difficulty again increased by the impos-
sibility of always discovering what number of fangs it has,
as their division sometimes takes place rather high up.

Lower bicuspids are smaller teeth than those of the
upper jaw, and are quite distinct in shape. The outer or
labial cusp is bent inwards, and the labial surface of the
crown is very convex, The inner cusp is but feebly deve-
loped, and is connected with the outer by a low ridge ; 1t 1s
also narrow.

The root is rounded, a little larger on its outer side than
on its inner, and tapers regularly towards its point ; the
pulp cavity is cylindrical at the neck, and also tapers regu-
larly in the root. The cornua of the pulp which cor-
responds to the inner cusp is but feebly developed.

The second lower bicuspid differs a good deal from the
first ; its crown is much squarer and larger in all its dimen-
sions. The inner cusp reaches to a higher level and 1s
stouter, and the greater development of the ridge which
hounds the posterior (distal) border of the grinding surface
makes it attain to such a large size as to make the ten-
dency towards a transition from the bicuspid type to the
quadricuspid type of a true molar very evident.

Having completed the brief description of the forms of
these several teeth, it is worth while to note one or two
general characters of the series. The difference between a
well-marked incisor, canine, or premolar is so strongly
pronounced that the resemblances which underlie them are
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apt to be overlooked, and it might be supposed that in
shape they had little in common.

Fig. 6. (")

Nevertheless a very distinet gradation may be traced, and
it is far from uncommon to meet with teeth which possess
in a marked degree transitional characters. If the external
or distal angle of a lateral ineisor be sloped off more than
usual, while at the same time its basal ridge and basal
prominence be well marked, it makes no bad imitation of a
diminutive canine ; and such laterals are often to be met
with by those who search for such deviations from the
normal form.

Thus the form characteristic of a lateral incisor, if it be a
little exaggerated, very nearly givesus the form of a canine;
and in the present discussion the great comparative size of
the canine, which is traceable to readily intelligible causes,
may be put aside, as it tends to obscure the point to be
here insisted on.

Between the canines and the bicuspids a similar rela-
tionship in form exists, and it is more apparent in the
lower than in the upper jaw. The fact that at the base of
the inner or lingual aspect of the canine is to be found an
elevation of the basal ridge, in many instances amounting to
a low cusp, has been already noted ; and it has alread y been
pointed out that the inner cusp of the first lower bicuspid is

(') Lower first bicuspid, seen from the inner side, and showing the pre-
ponderance of its outer over its inner cusp.
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both smaller and lower than the outer. A longitudinal
section through the crowns of the two teeth will demonstrate
without the necessity of further description that the basal
cusp of the canine and the inner cusp of the bicuspid are the
same thing, differing only in degree, while it is interesting
to note that the pulp chamber in the bicuspid has hardly
any prolongation towards the small inner cusp, so that the
resemblance of the two teeth is thus made more complete.

Fig. 7. (1)

This close relationship of canines and bicuspids will be
acain considered in the chapter on the Homologies of the
Teeth ; for our present purpose 1t will suffice to merely
point out its existence. The transition from the bicuspids
to the molars is more abrupt ; at least it is not so easy to
point out exactly how a modification of the one would
arrive at the form of the other. But it merely needs an
exagoeration of the differences exisfing between a canine
and a first bicuspid to make a good imitation of a second
bicuspid.

If any one will take the trouble to make mental note of
the deviation in form which he meets with in these teeth,
he will find that they are almost invariably approaches
towards the form of the teeth on either side of them ; and
will infallibly be led to the conelusion that incisors,

(1) Section of a lower canine and first bicuspid, showing the characters
common to the two.
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canines, and bicuspids are not three patterns of teeth per-
fectly distinct, and each sui generis, but that they are mo-
difications of one and the same pattern. [ may add, thas
comparative odontology teaches us the same thing, and
demonstrates clearly the substantial identity of the three
forms, as also of the true molars.

Upper molar teeth have crowns of squarish form, the
angles being much rounded off. It may be premised that
the first molar is more constant in shape than the second,
and this latter than the third ; with this proviso the first
and second may be .described together.

The masticating surface carries four subequal cusps, two
labial or external and two lingual or internal ; the anterior
internal cusp is distinctly the largest, and it is connected
with the posterior external cusp by a thick oblique ridge
of enamel, the remaining two cusps having no such con-
nection,

This oblique ridge on the upper molars is met with in
man, the anthropoid apes, and certain New World monkeys.

The grooves which separate the cusps pass down on to the
labial and lingual surfaces of the crown, but ave lost before
reaching the gum ; where they terminate, however, there is
often a pit, which is a very favourite situation for caries,
especially on the labial aspect of the teeth. It is very
rare to see the grooves passing down upon the mesial or

(') Masticating surface of a frst upper molar of the left side ; the
oblique ridge connects the anterior internal with the posterior ex-
ternal cusp,

C
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distal surfaces of the crown, a raised border of enamel
generally cutting them short in this direction.

The roots are three in number, two external or labial,
and one internal or palatal. The latter is the largest, and
runs in @ direction more strongly divergent from the axis
of the erown than the other roots. It is directed obliquely
inwards towards the roof of the palate, 15 subeylindrical,
and often enrved.

The external fangs ave less eylindrical, being mutually
compressed, so that their largest diameter is transverse to
the dental arch ; the anterior 1s rather the larger of the
two, and 1s more strongly pronounced on the side of the
neck of the tooth. The anterior labial Toot is occasionally
confluent with the palatine root, but still more frequently
the posterior labial and palatine roots are confluent : occa-
sionally, also, four distinct roots may be met with.

Lower molars.—The first lower molar is the most con-
ctant in form, and is somewhat the largest ; its grinding
surface presents five cusps.

Four cusps are placed regularly at the four corners of a
square, these being divided from one another by a erucial
fissure ; the posterior arm of the crucial fissure bifurcates,

Fig. 9.(%)

and between its diverging arms is the fifth cusp, which is
thus to be described as median and posterior.

(1) Masticating urface and side view of a first lower molar, right side,
the five cusps of which are indicated by figures,
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The transverse fissure passes over the limits of the orind-
ing surface, and on the outside or labial surface of the
tooth ends in a pit, which is a common site for caries ;
although it occasionally passes over the lingual surface,
1t is here less pronounced, They are implanted by
two fangs, placed anteriorly and posteriorly ; the fangs
are much flattened from before backwards, and they are
very usually curved slightly backwards. In the median
line of each fang there is usnally a groove, by the deepen-
ing of which four fangs may be produced ; or this

may happen with the one fang only, so that a three rooted
tooth is the result.

Fig. 10. (1)

The second molar does not greatly differ from the
fivst, save that the fangs are more often confluent, and the
fifth, cusp less marked, even if it exists at all. Third
molars, dentes sapientie, wisdom teeth, of the upper jaw,
resemble in a general way the first and second molars ;
that is, when they are well developed and placed in a
roomy dental arch. But amongst the more civilized races
1t may almost be said to be exceptional for the wisdom
teeth to be regular in form or position, so that extreme
variability prevails amongst these teeth, The two inner
tubercles are blended together, and the fangs are very com-
monly confluent, forming an abruptly tapering cone, the
apex of which is often bent and crooked, so that but little

(') Masticating surface and side view of the second lower molar of the
right side, the four cusps of which are indicated by figures,

Gl
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vestige of the three fangs can be traced, the pulp cavity
even being quite single.

Fig. 11. (")

Third molar, lower jaw. This tooth is seldom so small
as the corresponding upper tooth, and its crown is often
large even when its roots are Very stunted. It has five
cusps as a rule, and bears a more oOr less close resemblance

to the molars which precede it. 1t is either two-rooted, or

if the roots be confluent, a groove usually marks a ten-
dency to division into two fangs.

Tt is stated by Prof. Owen (“ Odontography,” page 454)
that although the wisdom tooth is the smallest of the
three molars, the difference is less mar ced in the Melanian
than in the Caucasian races, adding also that the triple
implantation of the upper and the double implantation of
the lower is constant in the former races. More extended
observations have overthrown this statement as a positive
dictum to be accepted without exceptions, but 1t may
nevertheless be taken as expressing a general truth.

Relations of the upper to the under row of teeth.—The upper
ineisors and canines, when the mouth is closed, from the
larger size of the arch in which they are arranged, shut over
and in front of the lower teeth, concealing the upper thirds
of their erowns; while the external tubercles of the bi-
cuspids and molars of the lower jaw are received into the
depressions between the external and internal tubercles of

(") Third lower molar of the left side.

.
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the similar teeth in the upper jaw, thus allowing the ex-
ternal tubereles of the upper teeth to close externally to
the outer tubercles of the lower row,

From this arrangement of the tubercles, we are enabled
in mastication to use the whole surface of the crowns of
the opposing teeth ; the act of mastication being performed
by bringing the external tubercles of the under molars
opposite to those of the upper row ; whence, by the lateral
motion of the under jaw inwards, their external tubercles
pass down the inclined surfaces of the external, and upthose
of the internal tubercles of the upper teeth, crushing in
this action any interposed substance.

It will also be observed that, from the difference of
width in the incisors of the two jaws, the central incisore
of the upper extend over the centrals and half of the late-
rals of the under row, and that the superior laterals lie
over the remaining half of the inferior laterals and the
anterior half of the canines of the lower jaw. The canines
close over the halves of the canines and first bicuspids,
while the first bicuspids impinge on the half of the first
and half of the second bicuspids of the lower row. The
second upper bicuspids close upon the anterior third
of the opposing first molars and the posterior half of the
gecond bicuspids.

The first molars oppose the posterior two thirds of the
first, and one third of the second molars of the lower
Jaw, while the second upper molars close upon the unoceu-
‘pied posterior third of the second and the anterior third of
the wisdom teeth. The wisdom tooth of the upper being
smaller in size than that of the lower jaw is perfectly
opposed by that portion of the latter left unoccupied by
the second upper molar tooth.

By this admirable arrangement no two teeth oppose each
other only, but each tooth in closure of the jaw impinges
upon two, so that should a tooth be lost, or even two alter-
nate teeth, still the corresponding teeth of the opposite jaw
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are to some extent opposed, and thus remain useful. For,
when a tooth is wholly unopposed, a process isapt to be set
up in the jaw by which the useless organ is gradually ejected.
The direction of the teeth in the upper is vertically down-
wards and slightly forwards, while those of the lower jaw
are placed vertically, the molars tending slightly inwards.
There is not much to be added to the above description
with respect to the milk dentition, which consists of :—

di. 2 de. —i- dn. g == Yon:

The milk teeth difter by being smaller, and in having the
enamel terminating at the neck in a thick edge, so that the
neck is more distinctly constricted. The incisors and ca-
nines are tolerably similar to their successors, the canines,
however, being relatively shorter, and in their crowns
broader, than their successors, The first upper molars
have three cusps, two external and one internal ; the
second resembles a permanent molar.

The first lower deciduous molar has four eusps, and re-
sembles a second lower permanent molar. The roots of
the deciduous teeth diverge from the neck at greater angles
than do those of corresponding permanent teeth.
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CHAPTER II

MAXILLARY BONES, ETC.

THE teeth are implanted in a part of the jaw bones
specially developed for the purpose, the bone being moulded
around the roots of the teeth subsequently to their being
formed and moved into position.

The manner of attachment of the human feeth is that
termed “ gomphosis,” i.c., an attachment comparable to the
fitting of a peg into a hole ; the hony sockets, however,
allow of a considerable degree of motion, as may be seen hy
examining the teeth in a dried skull, the fitting being in
the fresh state completed by the interposition of the dense
periosteum of the socket. This latter, by its elasticity
allows of a small degree of motion in the tooth, and so
doubtless diminishes the shoek which would be occasioned
by mastication were the teeth perfectly immovable and
without a yielding lining within their bony sockets. When
this becomes inflamed and swollen from exudation the tooth
is pushed to a certain extent out of the socket, and so being
to a less extent limited in its range by the bony socket, the
tooth acquires an increased mobility.

The structure of the alveolo-dental pe:iosteum will be
described in connection with the other dental tissues ; its
presence only need be mentioned here.

The teeth are in all mammalia confined to the bones
which carry them in man, namely, the intermaxillary
and maxillary bones and the lower maxillary bone or
mandible.

While I do not propose entering at any length into the
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description of these bones, which will be found in any
general anatomical work, there are so many points in their
anatomy which directly concern the dental student that a
brief enumeration of some of their relations can hardly be
dispensed with. But as every student must necessarily
possess books on general anatomy, I shall confine myself
almost exclusively to those points which have a special
bearing upon the teeth and associated parts.

Superior mazxillary bone.—To facilitate description of its
parts, anatomists divide it into a “hody” and “processes,”
of which latter there are four, the nasal, malar, alveolar,
and palatine. As the body of the bone is hollowed out
by an air cavity, the antrum, its shape is similar to
that of that cavity, namely, roughly pyramidal, the
base of the pyramid being inwards towards the nasal
chamber.

The masal process springs directly upwards from the
body in a vertical line with the canine tooth : it is a strong
plate of bone, roughly triangular when viewed from the side.

The malar process forms the apical portion of the pyra-
id already alluded to ; it starts out nearly horizontally
from the body just behind and below the nasal process,
and is characterized by its great strength and stoutness.
Nevertheless it has been known to be fractured by a
blow, and separated from the body of the bone. The
antrum may be prolonged into it.

The palatine process forms a horizontal table projecting
inwards from the body ; as the floor of the nose is nearly
flat, and the palate is arched from before backwards, the
front of the palatine process is necessarily much thicker
than the back, where it is quite a thin plate.

The alveolar process is a strong wide ridge of bone,
curved so as to form with that of the other maxillary bone
the elliptical figure characteristic of the dental arch in the
higher races. It may be described as consistent of two
plates, an outer and an inner, which are connected by



MAXILLARY BONES, ETC. 25

numerous transverse septa, the sockets of the teeth being
formed by the interspaces between these septa. The in-

ternal alveolar plate is the stronger, the external the thinner
and weaker, a fact of which we take advantage when we
extract a tooth by bending it slightly outwards. On the
outer surface of the alveolar process are eminences corre-
sponding to the roots of the teeth, and depressions in their
interspaces : there is apt to be a very marked prominence
over the canine teeth ; while between the teeth the alveolar
processes reach to a lower level, so that the margins of the
bone are festooned. Looking down into an empty socket,
the bone is seen to be everywhere very porous, and to be
perforated by foramina of considerable size, while at the
bottom there is the larger foramen admitting the vessels
and nerves of the tooth.

The alveolus of each individual tooth consists of a shell
of comparatively dense bone of small thickness, which is

(1) Superior maxillary bone of right side. 1. Body. 2. Tuberosity.
7. Malar process, - 8. Nasal process. 12, Alveolar process.
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imbedded in a mass of loose spongy bone ; this dense shell
comes into relation with the dense cortical bone of the jaw
mainly at its free margin, near to the neck of the tooth.
Over very prominent roots a portion of alveolus is at times
wanting, so that in a macerated skull the root 1s exposed to
VIEW,

Taking next the various surfaces of the bone, there are
four, or, if we include the palatine aspect, five: the ex.
ternal, forming a large part of the face, the superior or
orbital, the internal or nasal, and the posterior or zygo-
matic. Upon the external or facial surface we have to note
the eminence caused by the socket of the canine tooth
(¢ canine eminence "), and immediately behind this a de-
pression, the canine fossa, through which the antrum is
sometimes punctured. The alveolar border, from the situ-
ation of the third molar to that of the second bicuspid, gives
attachment to the buccinator muscle; while immediately
beneath the margin of the orbit is the infra-orbital foramen,
whenece issues the infra-orbital nerve, and which is one of
the situations to which neuralgic pain really dependent
on the teeth may be referred.

The orbital and nasal surfaces concern us only through
their relation to the antrum, to be presently deseribed ; in
the zygomatic surface, which is convex and forms part of the
zygomatic fossa, are several orifices transmitting the pos-
terior dental nerves and vessels ; a groove which, connected
by the apposition of the palate bone into a canal, forms the
posterior palatine canal ; and at the bottom, a rounded emi-
nence, the maxillary tuberosity, which lies behind the
wisdom tooth, and has been occasionally broken off in ex-
tracting that tooth. The body of the bone is excavated by
an air-chamber, the antrum, which 1s coated in life by a
continuation of the nasal mucous membrane, and this fre-
quently becomes secondarily involved in dental disease, 50
that its anatomical relations are of great importance to the

dentist.
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Antrum.—Like the somewhat similar air cavities in the
frontal bone the maxillary sinus does not attain to its full
size, relatively to the rest of the bone, until after the age of
puberty, although it makes its appearance earlier than the
other nasal sinuses, its presence being demonstrable about
the fifth month of fetal life. Hence it follows that its
walls are thicker in the young subject than in the adult ;
and, according to the observations of Mr. Cattlin (1), it is
somewhat larger in the male than in the female,

It is very variable in size, so that out of one hundred
adult specimens the above-mentioned writer found cne
which would only contain one drachm of fluid, while in
contrast with that was another which held eight drachms ;
two and a half drachms being the average capacity. Al-
though it is exceedingly variable in form as well as in size,
it tends towards a roughly pyramidal shape, the apex of the
pyramid being directed towards the malar bone, which it
has been seen to encroach upon, and the base towards the
nasal cavity ; it is, however, useless to minutely describe

“its form, inasmuch as the two antra in the same individual
are sometimes quite dissimilar. The floor of the cavity is
rendered uneven in most specimens by prominences corre-
sponding to the roots of the molar teeth, which ordinarily
are but thinly covered by its bony walls, while 1t is not by
any means rare to find some of them actually bare,

The cavity is also more or less completely subdivided by
bony partitions springing from its walls, as is well exempli-
fied in the accompanying figure ; these partitions arve for
the most part thin, but they occasionally attain to consider-
able thickness, and they are stated to occur most frequently
at the anterior or posterior angles of the base of the
pyramid.

On the base of the pyramid is the orifice by which it
opens into the middle meatus of the nose ; this orifice
being partly closed in by the ethmoid, palate, and inferior

! * Transactions of the Cdontological Bociety,” vol. ii. 1857,
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turbinated bones, and also by soft parts, so that in a recent
subject it will barely admit a goosequill ; and it should be

Fig. 13. (")

noted that this orifice opens into the antrum near the top,
so that it does not afford a ready means of egress 10 fluids
accumulated in the cavity.

Through this orifice the mucous membrane lining the
antrum is continuous with that of the nasal fossa, and,
like that, it is ciliated ; but it differs from the latter in
being thinner and less vascular.

The teeth which usually come into the closest relation
with the antrum are the first and second molars, but any of
the teeth sitnated in the maxillary bone may encroach upon
its walls,and I have seen an abscess, originating at the apex
of the fang of a lateral incisor, pass backwards and perforate
the antrum.

Tts walls have four aspects, namely, towards the “orbit,
the nose, the zygomatic fossa, and the face, while its floor is
formed by the alveolar border. With the exception only of
the latter, its walls are very thin ; and this exception has
an important practical bearing in the diagnosis of tumors m
this region, as accumulations of fluid or morbid growths
really situated in the antruin bulge any or all of its walls

(1) Section of an antrum of the left side, divided into many pouches,
by bony septa, and extending into the malar bone. Drawn from a
specimen in the collection of Dr. Maynard, in the possession of the Bal-
timore Dental College.
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- In preference to the alveclar border, whereas tumors
springing from the base of the sphenoid or e_]sew.here and
encroaching upon the antrum, push down and distort the
alveolar border as easily as any of the other walls of the
cavity, inasmuch as the pressure caused by them is not
transmitted equally in all directions, as is the case when
the medinm transmitting the power is a fluid,

The lower maxilla or mandible consists of a body and
two rami, which ascend almost perpendicularly from its
posterior extremity. The horizontal portion or body is
curved somewhat in a parabolic form ; it has a convex ex-
ternal and concave internal surface, and an upper (alveolar)
and a lower border. On the convex facial surface we have
to note the ridge marking the position of the symphysis,

Fig. 14. (W)

and below this the mental prominence. Externally to this,
below the line of contact of the first and second bicuspids
(ora little before or behind this point) is the mental fora-
men, which constitutes the termvination of the inferior

() Lower Maxillary Bone. 2. Ramus, where masseter is attached.
4. Bymphysis. 5 Mental foramen. 6 External oblique line, 8 Angle
of jaw. 9. Internal oblique line. 10, Coronoid process. 11, Condyle,
12. Bigmoid notch. 13, Inferior dental foramen.
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dental canal. Running obliquely upwards, and first visible
at a point a little distance from the mental prominence is
the external oblique line, which becomes merged in the base
of the coronoid process. Where it rises as high as the
alveolar border, i.e., opposite to the third and sometimes the
second molar, the outer alveolar plate is strengthened by it,
<o that it becomes less yielding than the inner plate. The
student should bear this fact in mind when extracting a
lower wisdom tooth.

The buccinator is attached to the alveolar border oppo-
site to the molar teeth ; the platysma myoides to the outer
side of the lower border along a region somewhat further
forward : the masseter over the whole outer face and border
of the ascending ramus and the temporal to the apex and side
of the coronoid process. The other muscles attached to it
ave facial muscles of expression. On the inner surface of
the body are four tubercles, situated in pairs in the median
line, about opposite to the ends of the roots of the incisors,
but somewhat variable both in position and in size in dif-
ferent individuals. The upper pair of tubercles give
attachment to the genio-hyo-glossus, the lower to the genio-
hyoid muscle ; they are interesting to the dental student
not only as giving attachment to muscles concerned in de-
glutition, but as affording convenient fixed points for mea-
surements of the relative growth of parts of the jaw. DBe-
neath these genioid tubereles lie the slight depressions which
give attachment to the anterior belly of the digastric muscle,
while between the two points alluded to commences the in-
ternal oblique line, which runs obliquely upwards and back-
wards, becoming more pronounced as it extends backwards,
and terminating at the inferior dental foramen. This inter-
nal oblique ridge marks the line of growth of the condyle
(see Development of the Jaws), and gives attachment to the
mylohyoid muscle, which forms the floor of the mouth, in
all its length., The depression for the sublingual gland is
above this line, censequently this gland is visible from
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the mouth ; that for the submaxillary gland is benecath it
and further back.

The inner surface of the ascending ramus gives attach-
ment to the following museles : at the neck of the condyle
to the external pterygoid ; on the inner face of the coro-
noid process, as far down as the level of the top of the
crown of the wisdom tooth, to the temporal ; on the inner
side of the angle, over a large surface, to the internal
pterygoid. .

The orifice of the inferior dental canal is rough and
spinous, giving attachment to the internal lateral ligament
of the jaw ; while beneath and behind it is the groove for
the mylohyoid vessels and nerves ; it runs forward in the
bone a little distance beneath the ends of the roots of the
teeth, and emerges at the mental foramen, turning out-
wards at an angle to reach it, and sending onwards small
canals to the incisors, not traceable far. It is nearer to the
outer than to the inner surface of the jaw in the latter half
of its course, and is apt to be very close to the ends of the
roots of the wisdom teeth, and to those of the bicuspids.
The alveolar processes of the lower Jaw, at their posterior
part, diverge more widely than those of the upper jaw, the
relative antagonism between the upper and lower teeth
being preserved in this region by the former having an in-
clination outwards, the latter inwards. The ascending -
rami join the body at an angle which is very obtuse in the
feetus, nearly a right angle in the adult, and once again ob-
tuse in advanced old age ; the explanation of this change
will be given under the head of the Development of the
Jaw,

The articulation of the human lower Jaw is peculiar, and
allows of a degree of play unusunal in a joint. The ovoid
condyles, when the jaw is at rest, are lodged in depres-
sions, the glenoid fossw of the temporal bone, formed partly
by the squamous and partly by the vaginal portions of the
bone. The posterior half of the cavity is rough, and
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lodges a portion of the parotid gland : the anterior is
smooth, and is bounded in front by the eminentia articu laris,
which is that middle root of the zycoma which enters into
the formation of the joint, and is coated over by cartilage.
Between the condyle of the lower jaw and the temporal
bone lies a moveable interarticular fibro-cartilage, which is
an irregular bi-concave oval plate, the edges of which are
anited with the capsular ligament, so that the joint is di-
vided into two cavities, furnished with separate synovial
membranes (unless when, as sometimes is the case, the
fibro-cartilage is perforated inits centre).

The joint is described as having four ligaments : the
capsular, stylo-maxillary, internal and external lateral
ligaments.

The capsular ligament is but feebly pronounced, and
hardly deserves the name ; the stylo-maxillary reaches from
the apex of the styloid process to the angle of the jaw ; the
internal lateral from the spine of the sphenoid to the mar-
gins of the inferior dental foramen ; the external lateral,
which alone is a ligament strictly proper to the articula-
tion, reaches from the outer side and tubercle of the
zygoma to the outer surface of the neck of the condyle.

The form of the articulating surfaces and the compara-
tive absence of retalning Jigaments combine t0 allow of a
variety of movement anusual in any other than a ball and
gocket joint. The articulation acts as a simple hinge
when the jaw is simply depressed, and this is the only
motion possible in many animals, as in typical carnivora.
When, however, the mouth is opened to the 1 ullest possible
extent, the condyle leaves the glenoid cavity, slides for-
ward, and rests on the articular eminence, the interarticular
fibro-cartilage being carried forward with it. The passage
of the condyle on to the articular eminence, although
always taking place when the lower jaw is excessively
depressed,tak es place sometimes without any depression of
the lower jaw, which then passes horizontally forward ; or
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it may take place on the one side only, giving to the jaw
the lateral movement so useful in mastication, In the
mastication of-food the various movements are combined,
or succeed one another with great rapidity ; the lateral
movements are not very extensive, the outer cusps of the
lower teeth of one side being brought to antagonise the
outer cusps of the upper teeth, and then being made to slide |
forcibly down the sloping surfaces of the latter till they
veturn to their normal antagonism ; then, usually, the same
process is gone through on the other side of the mouth,

The closure of the jaw, and the rotatory and oblique mo-
tions, are accomplished by four pairs of very powerlul
muscles ; these are antagonised by muscles comparatively
feeble and indirect in their application,

The closure of the jaws is effected Dby four pairs of
stout muscles : the masseters and the temporals, attached
to the oufer sides of the jaw ; the external and internal
pterygoids, attached to its inner sides,

- The masseter has two portions—a superficial and a deep por-
tion,—the former arises from the malar process of the superior
maxilla, and from the anterior two thirds of the zygoma ; its
fibres having an inclination backwards, and being inserted on the
angle and lower border of the jaw. The deep portion arises from
the posterior third of the zygoma and its inner surface, and its
fibres have a slight forward direction, being inserted on the
outer surface of the coronoid process, and the upper half of the
ramus. The fan-shaped temporal, arising from the whole tem-
poral fossa and the temporal fascia is, after narrowing to a flat
thick tendon, inserted into the inner surface,
terior border of the coronoid process
molar tooth.

The squarish internal pterygoid, running oblig nely downwarcs
and backwards, arises from the pterygoid fossa (internal surface
of external pterygoid plate, and the tuberosity of the palate bone),

and is inserted into the lower and back part of the inner side of
the jaw, and into the angle. '

apex, and an-
, as far fE]l."W}-llTlﬁ as the last

D
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The external pterygoid, of pyramidal form, arises from the
pterygoid ridge of the great wing of the sphenoid ; the portion
of bone between it and the base of the pterygoid process ; from

the outer surface of the external pterygoid plate and from the

tuberosity of the palate and superior maxillary bones.
Its fibres, converging as they run backwards and outwards are

-serted into the neck of the condyle of the lower jaw, and into
the interarticular fibro-cartilage. All the four muscles are sup-
plied by the inferior maxillary nerve.

The masseter, temporal, and internal pterygoid muscles
close the jaws and press the teeth against one another, and
this is their principal action. They are antagonised by the
digastric, the mylohyoid, and the geniohyoid muscles,
which, aided perhaps by the platysma, depress the lower
jaw when the hyoid bone is fixed by its own depressor
muscles,

The external pterygoid draws the jaw forward, and so
in some measnre tends to open it ; as the two museles do
not always, or indeed generally, act together, they give a
lateral movement to the jaw. The superficial portions of

(1) Pterygoid muscles. 1. Upper head. 2. Lower head of external ptery-
goid muscle. 3. Internal pterygoid muscle.
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the masseter and the internal pterygoid are ordinarily
supposed, as their direction is slightly backwards, to assist
in drawing the jaw forwards, but Langer, one of the most
recent investigators of their action, attaches very little im-
portance to this, and indeed considers that, when the jaw
has been pulled forwards by the external pterygoid, the
combined action of the internal pterygoid, the temporal,
and the masseter, may bring it back again.

When the human jaw is moved laterally, the external
cusps. of the teeth of the lower jaw are carried outside, or
at least opposite to, the cusps of the upper teeth ; the teeth
are then closed, and the cusps of the lower teeth slide along
the inclined plane furnished by the eusps of the upper teeth
till they fall into the central depression of the masticating
surface, when the same action is repeated on the other
side of the mouth,

In ordinary mastication the -various movements are
combined in every possible manner. .
¢ When the mouth is widely open the condyles play upon
the articular eminence in front of the gleroid cavity, and
the external pterygoid, which assists in widely opening
the mouth, draws not only the condyle, but also the inter-
articular fibro-cartilage forwards, so that the latter still
intervenes between the condyle and the articular eminence.
The interarticular cartilages do not, however, accompany
the jaw in its extreme movement, but onl ¥ pass forwards as
far as that part of the eminence which is slightly hollowed
out.

The eondition of rest is neither complete closure nor
opening of the jaws : in persons with enlarged tonsils this
habitual position is one with the mouth more widely open,
owing to the difficulty of breathing through the nose; a
fact which often causes an irregularity in the disposition of
the teeth,

The axis on which the jaw moves is, owing to the bend
of the ramus, far behind the glenoid cavity ; it lies very

D 2
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nearly in a plane formed by prolonging the plane of the
masticating surface of the teeth.

The motions executed in mastication differ much accor-
ding to the nature of the food ; hence it happens that in
different animals the muscles of ‘mastication are very
variously developed.

Thus, in the Herbivora, which move their jaws greatly
from side to side, as any one may observe for himself, the
pterygoids, and especially the external pterygoid, attain to
a very large relative size.

On the other hand, in the Rodents, which move their
jaws backward and forwards in gnawing, the masseter is
enormously developed, and has a very marked general
backward direction.

Although it is not strictly true, the masseter and tem-
poral may be said in mammals to be developed in an in-
verse ratio to one another ; when one¢ is large the other is
not. _

The masseter is at a maximum in Carnivora, which have
little lateral movement possible to their jaws; the tem-
poral is also highly developed in many of the class.

In the great apes, the temporal hecomes enormously
developed only at the period of second dentition ; this fact,
conjoined with its size, in herbivora seemingly having some
relation to the presence or absence of canines, would incline

" one to suppose that it was useful in that rapid closure of the
mouth appropriate to biting when animals fight or seize prey.

The form of the glenoid cavity also bears an intimate
ralation to the dentition of the animal, and the nature and
extent of the movement of its jaws. '

Thus, in a child it 1s nearly flat, with no well marked
surrounding elevations ; its axis is transverse, and little
rotary motion 1s made use of, In the adult it is deeply
sunk : the axis of the condyle is oblique, and rotary move-
ments are largely made use of in triturating food,

In the Felide, it 1s strictly transverse; their teeth,
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adapted for slicing but not grinding, would gain nothing
by lateral motion, which is rendered quite impossible by
the manner in which the long transverse eondyles are

Fig. 16. (1)

locked into the glenoid eavity by strong proeesses in front
and behind. Curiously enough the interarticular eartilage
i1s present, but as the condyle never moves forward, the
cartilage is not attached to the external pterygoid muscle.

In Herbivora the condyle is roundish, the ascending
ramus long, and the pterygoid museles large ; the glenoid
cavity is shallow ; in the whale, which of course does not
masticate at all, there is no interarticular cartilage, and
no synovial membrane ; the articulation is reduced to a
mere licamentous attachment,

The harder a substance is, the farther back between the
molars it is placed ; and as the food escapes from between
the teeth it is constantly being replaced by the lips, cheeks,
and tongue, the buccinator muscle being largely concerned

() Condyle of the lower Jaw, and glenoid fossa of a tiger.
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in this work of preventing morsels of food from escaping
irom the teeth during its mastication,

Just as the muscles of mastication vary in their relative
development in accordance with the food to be dealt with,
g0 also do the salivary glands.

Asarule, herbivorous ereatures have large parotid glands;
that is to say, those creatures which deal with the driest
food and masticate it the most have this gland largely
developed. For instance, it is very large in Ruminants ;
in Herbivorous Marsupials it is larger, in the Carnivorous
section smaller, than the submaxillaries. When an espe-
cially viscid flnid is required, as, for example, that which
lubricates the tongue of an ant-eater, this is furnished by
exceedingly large submaxillary glands,

The nerves of the teeth are derived from branches of the
fifth nerve, the nerve of sensation of the whole side of the
face and head ; the lower teeth through the inferior maxil-
lary nerve, the upper through the anterior and posterior
dental branches of the superior maxillary nerve. The
nerves are given off from the nerve trunks in bundles corres-
ponding in number to the roots of the teeth for which they
are destined, For the details of the distribution of the
fifth nerve the student must refer to works treating of
anatomy, as it would be out of place to enter upon the
subject at length in these pages, in which merely one or two
matters of special interest to the dental student will be
touched upon,

In the case of the inferior maxillary nerve the roots of
the teeth come into very close proximity with the main
trunk of the nerve; this is especially the case with the
lower wisdom teeth. Within a few days of writing these
lines I extracted a lower wisdom tooth (with forceps) for
a gentleman, who, immediately after the extraction, in-
quired if he could have bitten his lip, as it felt swollen;
on testing it I found slight but well marked numbness on
that side of the lip and chin, which did not wholly subside
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Lefore he left me. In this case a groove upon the under
surface of the much eurved roots appeared to indicate that
the nerve trunk was in close contact with the tooth.

No reason is at present known why the tooth pulp
should be so richly supplied with nerves, as no obvious
advantage results therefrom. Teeth with persistent pulps
which go on growing throughout the life of the animal,
have always larrre nerves : thus a very large trunk goes to
the pulp of a rodent incisor. But although in this case the
rich nervous supply doubtless hasto do with nutrition, and
presides over the great formative activity of the tissue, this
does not fully account for the pulps of the teeth of limited
growth being so amply supphed with nerves,

As has been mentioned in the description of the
lower maxillary bone, the inferior dental nerve emerges
from the bone by the mental foramen, near to the end ot
the roots of the bicuspid teeth. Pain due to distant causes
is often referred to the point of emergence of a nerve, as is
so frequently exemplified in supraorbital neuralgia ; in the
same way pain due to diseased teeth far back in the lower
jaw (especially to wisdom teeth), is frequently referred to
the bicuspid region. Curiously enough, though there is no
apparent parallel in the disposition of the nerves, a similar
reference of pain to the bicuspid region is occasionally
observed in the upper jaw. And it may be added that there
is very probably some closer parallel in the minute dispo-
sition of the nerve fibres going to the teeth in the npper
and lower jaws than is recognisable by rough anatomical
processes, for while, to all appearance, the nerve trunks
are differently arranged, it 1s a matter of almost Every::lay
observation to find pain due to one tooth referred with pre-
cision to its fellow in the other jaw.

The lower teeth derive their vascular supply from the
branches given oft to each tooth by the inferior dental
artery, itself a branch of the internal maxillary ; the
upper teeth derive their arteries {rom the superior dental,
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a part of the alveolar branch of the internal maxillary,
which supplies the molar and bicuspid teeth ; and the front
teeth from the descending branch of the infraorbital, the
vessels thus having an arrangement somewhat analogous
to that of the nerves, : .

The distribution of the veins corresponds closely to that
of the arteries.

No lymphatics have been traced into the teeth.
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BraxcHES oF THE Firra NERVE. (After Todd and Bowm AL )
3. Branchesto ciliary ganglion.
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ENAMEL.

Ir 1s usual to speak of there being two kinds of teeth,
namely, horny or albuminous and calcified teeth ; but of
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the development of the former nothing is accurately
known, and it is hence impossible to determine in what
relation they really stand to other, or caleified, teeth.

These latter are compused of one or more structures,
which are in great measure peculiar to the teeth (although,
what is to all intents and purposes dentine, 1s to be found
in the skeletons and in the dermal appendages of some fish,
and other exceptions might be found to the absolute aceu-
racy of the statement), and are hence called * dental tissues.”
Notwithstanding the existence of certain transitional forms,
it is not possible to doubt the propriety of a general divi-
sion of dental tissues into three, viz., Dentine, Iinamel,
and Cementum, |

The first named of these constitutes the greater part
of all teeth, and so far predominates in mass over the
other constituents that, in most cases, the tooth would retain
its form and character after the removal of the enamel and
cementum, :

The central body of dentine, which surrounds the pulp,
is very often covered by a cap of enamel, forming the sur-
face of the tooth ; this may be very partial, as in the eel
or the newt, in which animals only this enamel-capped tip
of the tooth projects above the surface of the mucous
membrane ; or it may cover a much larger proportion of
the tooth, as in man. Perhaps the most usnal condition is
that the enamel invests the whole crown of the tooth, stop-
ping short at about the level to which the gum reaches, as
in the human and most other mammalian teeth of limited
growth. In teeth of persistent growth the enamel extends
down into the socket as far as the base of the tooth ; in
such cases it may embrace the whole circumference of the
dentine, as in the molar teeth of many rodents, or it may
be confined to one side only, as in their incisor teeth,
where it serves to constantly preserve a sharp edge as the
tooth is worn away, The enamel is believed to be quite
absent from many teeth ; thus the subelass Edentata com-
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prising sloths, armadillos, and ant-eaters have it not ; cer-
tain cetaceans, the narwal, some reptiles, and many fish
have none, ;

But although it might appear an exceedingly simple mat-
ter to determine whether a tooth is or is not coated with
enamel, as a matter of fact in practice it is not always easy
to be certain upon this point. When the enamel is toler-
ably thick there is no difficulty in making sections which
show it satisfactorily, but when it is very thin it is very
apt to break off in grinding down the section. And even
when it does not, it is usually quite transparent and struc-
tureless in such cases, and the outermost layer of the den-
tine being also clear and structureless, it is very hard to
decide whether the appearance of a double houndary line is
a mere optical effect due to the thickness of the section, or
is indicative of a thin layer of enamel. :

My own investigation upon the development of the
teeth of fish and reptiles have led me to suspect that these
rudimentary layers of enamel exist upon many teeth on
which their presence has not been recognised, for I have
found that the formative enamel organs occur universally.
Upon the teeth of snakes, which were stated by Professor
Owen to be composed only of dentine and cement, I have
shown that a thin layer of enamel exists, and that there is
no cementum. The frog has an enamel organ as distinet as
that of the snake, but I am hardly positive that there is
enamel upon its teeth, although there is an appearance of a
thin coat of distinet tissue. I have also demonstrated that
the armadillo has an enamel organ, but have failed to dis-
cover any enamel or anything like it upon its teeth, and
Professor Turner has made a similar observation upon the
narwal,

At all events we may safely say that in these and many
other creatures no functional development of enamel
takes place : whether it does or does not exist in an ex-
tremely thin and rudimentary layer has become a question
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of much less importance, since I have shown the presence
of an enamel organ to be universal at an early stage.

Hence I feel some hesitation in endorsing Professor
Owen’s generalisation that the dentine is the most and
enamel the least constant of dental tissues ; it is possible
that it may be so, but recent researches into the develop-
ment of teeth have very materially modified the concep-
tions formed as to the relations of the dental tissues to one
another, and must lead ns to examine carefully into the
truth of such deductive statements before accepting them.

The remaining dental tissue is cementum, which clothes,
in a layer of appreciable thickness, the roots of the teeth,
and reaches up as far as the enamel, the edge of which it
overlaps to a slicht extent; when the cementum is present
upon the crown, it occupies a position external to that of
the enamel. Cementum occurs universally upon the teeth
of mammalia, but it is not always confined to the root of
the tooth ; in many teeth of persistent growth it originally
invested the whole crown, and after it has been worn from
the exposed grinding surface, continues to invest the sides
of the tooth. (See the deseription of the complex teeth of
the eleplmﬁt, cow, horse, &e.) '

It is entirely absent from the teeth of snakes, and indeed
of very many reptiles ; in the reptilian class, at all events,
it appears to me to be confined to those in which the teeth
are lodged either in sockets or in a deep bony groove, as 1
am unacquainted with any tooth anchylosed to the top of
the jaw in which it exists, unless we are inclined to include
under the term cementum the tissue which I have designated
¢ hone of attachment.” (See “ Implantation of Teeth.”)

Enamel.—Upon the outer surface of the dentine the
enamel forms a cap of a very much harder and denser
material. In its most perfect forms it is very far the
hardest of all tissues met with in the animal body, and at
the same time the poorest in organic matter, In the enamel
of a human adult tooth there is as little as 3} to 5 per cent. of
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organic matter, and, judging from its brittleness and trans-
parency, there is probably even less in the enamel of some
lower animals ; the lime salts consist of a large quantity of
phosphate, some carbonate, and a trace of fluoride of cal-
cium ; in addition, there is a little phosphate of magnesium,.
The cap of enamel is of varying thickness, being thicker in
the neighbourhood of cusps than elsewhere; in teeth of
limited growth it terminates by a thin edge at the neck of
the tooth, where it is overlapped to some slight extent by
the cementum, When a thick coating of cementum exists
over the whole crown, this lies outside the enamel, the
proper place of which is therefore between the cementum
and the dentine. The external surface of the enamel is
finely striated, the course of the strize being transverse to
the long axis of the crown ; in addition to this very fine
striation, there may be a few deeper and more pronounced
grooves or pits, which are pathological, and are marks of a
check in development more or less complete. The enamel
of some animals is, to all appearance, structureless ; such is
the nature of the little caps which, like spear points, sur-
mount the teeth of fishes of the eel tribe or of the newt,
and which from their extreme brittleness are often lost in
preparing sections, so that their very existence has long
been overlooked. But the absence of strueture, if such it
really be, is after all a mere question of degree ; in the
commonest form of enamel, such as that of the human
teeth, there is a finely fibrous structure, very apparent in
imperfect teeth, but far less soin well-formed ones, and the
enamel of the eel is, in the manner of its formation, fibrous ;
so that even though we cannot distinguish its eonstituent
fibres when it is completed, this is merely an indication
that calcification has progressed a little farther than in
human teeth : if calcification only goes far enough, all
structure, 1t not destroyed, will at all events be masked
from sight,

The structure of human enamel has Leen stated to Le
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fibrous ; that is to say, it has a cleavage in a definite direc-
tion, and is capable of being broken up into fibres or prisms,
which seem in transverse section to approximate more or
Jess closely to a hexagonal form brought about by their
mutual apposition. The general direction pursued by the
fibres is one from the dentine towards the surface ; this is,
however, subject to many minor modifications. The curved
and decussating course of the hnuman enamel fibres renders
them difficult to trace throughout their length, but the
structure of the enamel of many lower animals (especially
the rodents) is more easily intelligible. Enamel such as
that of the Manatee, in which all the prisms pursue a per-
fectly straight course, is of comparatively rare occurrence,
but among the rodents the courses pursued by the enamel
prisms are simple, and produce very regular patterns,
which are constant for particular families (J. Tomes).
Thus, in the Sciuride, a section of the enamel, whether
longitudinal or transverse, appears divided into an outer

Fig. 18. (1)
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and inner portion, in which the fibres, although continuous
from the dentine to the free surface, pursue a different

(1) Stetion of dentine and enamel of a Dormonse : in the inmer half the
prisms of contiguous layers eross each other at right angles, ‘in the outer
they are parallel.
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direction. As seen in the longitudinal section, the enamel
fibres start from the dentine at right angles to its sur-
face, and after passing through about two-thirds of the
thickness of the enamel in this direction, abruptly bend
upwards at an angle of 45 degrees with their original
course. In transvere section the enamel fibres are found
to be arranged in horizontal layers, each layer being a .
single fibre in thickness; in alternate layers the fibres pass
to the right and to the left, crossing those of the next
layer at right angles, and thus making a pattern of squares
in the inner two thirds of the enamel. But in the outer
third of the enamel, where the fibres bend abruptly up-
wards, those of superimposed layers nolonger pass in oppo-
site directions, but are all parallel ; in fact no longer admit
of distinetion into laminze.

Thus each enamel fibre passes in a very definite direction,
and, seen with those of other layers, forms a very charac-
teristic pattern; but the emamel fibres are not in any part
of their course curved. :

In the dormouse, from which the foregoing figure is
taken, the arrangement of the enamel fibres is dissimilar
in the upper and lower teeth, the lamination taking place
in different directions, so that a lon gitudinal section of the
one might, so far as this is concerned, be mistaken for a
transverse section of the other. As regards the decussation
of the fibres of alternate layers, it is similar to that of
the Stiwride, but it differs in the laminge being slightly
flexuous instead of pursuing perfectly straight lines,

Among the poreupine family very much more complex
patterns are met with, the enamel fibres being individually
flexuous, and their curves not being confined to one plane ;
the individual fibres pursue a serpentine course, and can-
not be followed far in any one section. Near to the surface,
however, they all become parallel, the enamel thus con-
forming with that of other rodents in being divided into
two portions (at least so far as the course pursued by, and
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the pattern traced by, its fibres in its inner and outer parts
can be said to so divide it).. The Leporude, or hares, form
an exception to this ; their enamel has no such lamelli-
form arrangement, but is built up merely of slightly
flexuous fibres.

By tracing the courses of enamel fibres from the simple
pattern found in the Manatee through that of the squirrel
and dormouse, and the porcupine, we see how a very
definite arrangement, at first simple, becomes modified into
something a little more complex, till at last it reaches a de-
avee of complexity that looks like mere disorder. No one
anfamiliar with the enamel of other rodents, looking at the
enamel of the porcupine, would be able to unravel the very
indefinite looking chaos of fibres before him ; but had he
studied forms in some degree transitional he could not
doubt that the tortuous, curving course which he saw the
fibre to he pursuing was nevertheless perfectly definite and
precise, and formed part of a regular pattern.

In perfectly healthy human enamel the fibrillar ar-

Fig, 19, (1)

rangement is not so very strongly marked ; the fibres are
solid, are in absolute contact with one another, and have

(¥ Human enamel, from the masticating surface of a molar. The figure
is merely intended to show the general direction of the fibres,
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no demonstrable intervening or uniting substance. On the
whole they are parallel, and run from the surface of the
dentine continuously to that of the enamel. Their paths are
not, however, either perfectly straight or perfectly parallel,
for alternate layers appear to be inclined in opposite diree-
tions, while they are also wavy, forming several curves in
their length, The curvature of the enamel prisms is most
marked upon the masticating surface ; while the layers,
alternating in the direction of their inchination as just de-
seribed, are in planes fransverse to the long axis of the
crown, and correspond to the fine strize on the surface of
the enamel, which appear to be caused by their outerop.
The curvatures take place in more than one plane; in
other words, the course of the individual prism is more or
less of a splml

Although most fibres run through the whole thickness of
the enamel yet inasmuech as the area of the outer is much
larger than that of the inner surface of the enamel, and the
individual prisms do not undergo any alteration in size as
they pass outwards, many supplemental fibres are present
n the outer portions of the enamel which do not penetrate
tar inwards.

The individual fibres are to all appearance structureless
in perfectly formed human enamel, but a faint transverse

striation, fainter, but otherwise not unlike that of volun-

tary II'I.I.l‘iL].E 1s so general that it cannot be regarded as
patlmlnhm{ﬂ, nlthmluh it 1s most strongly develﬂped in in-
perfect brownish emmm] The striation in question may
be seen even in a single isolated fibre, and is not necessarily
continuous over adjacent fibres;, though it often is so ; s 1t 18
rendered more apparent by the shght action of dilated
acids upon the fibre. Very various interpretations of this
appearance have been given. It has been attributed to
“an intermittent calcification” of the enamel fibre (Hertz),
but is with more probability referred to varicosities in
the individual fibres (Kélliker, Waldeyer), It is ver y

K
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marked in the enamel of the common rat, which shares
with that of other muridee the peculiarity of having the in-
dividual fibres almost serrated, those of adjacent crossing
layers being fitted to one another with great exactness. In
human enamel the adjacent fibres being united without any
intermediate cementing medium, and pursuing courses
slightly different, must of necessity be of slightly irregular
form, or else interspaces would be left, which is not found
to be the case. Thus the “decussation of the fibres” is
the most plausible explanation of this appearance of stria-
tion ; indeed isolated fibres do present an appearance of
slight varicosities, repeated at regular intervals.

Although the perfect enamel fibre appears to be entirely
homogeneous, it is not really so, for acids act with far
areater rapidity upon the central or axial portion of the
fibre than upon its periphery. The accompanying figure,

Fig. 20. ()

taken from enamel softened by prolonged maceration in a
1 per cent. solution of chromic acid, shows this well ; the
central portions of the fibre are dark, and are stained green
by the reduced sesquioxide of chromium, while the eclear
interspaces are colourless. Again, if dilute hydrochloric

(1) From human enanel, softened in chromie acid, until it could be readily
eut with a knife.
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acid be applied to a section of enamel, the axial parts of th.e.
fibres are first attacked and are dissolved away, so thatf, if
the section be transverse, a fenestrated mass remains.

During the formation of enamel the hardening salts are
deposited first in the periphery of the enamel cells, so that
the youngest layer of enamel is full of holes, each one of
which corresponds to the centre of a fibre. Although calci-
fication goes on to obliterate the visible difference between
the centre and the periphery of the enamel fibre, yet the
action of an acid reverses the order of its formation and once
more makes it fenestrated, indicating that there is not abso-
lute identity of substance in the inner part of the fibre.
In imperfect enamel, indeed, a central narrow canal has
sometimes been observed in the interior of an enamel fibre,

In fractured enamel, the line of fracture is said to rumn
through the centre of the fibrés, and not, as might have
been expected, through their interspaces,

There is also an appearance of striation upon a far larger
scale, consisting of brownish lines, which are never, or
almost never, quite parallel with the outer surface of the
enamel, but which nevertheless preserve some sort of paral-
lelism with it and the surface of the dentine., These are
known as the “ brown strize of Retzius,” and as they coin-
cide with what was at one time the outer surface of the

enamel cusp, are in some sense marks of its stratification,
as it was originally deposited.

(') Transverse section of enamel, the axi:

il portion of the prisms having
been removed by dilute hydroehloric acid.

E 2
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Pigment is seen in the enamel of many rodents ; it is in
the outer layers of the enamel, but has no sharply defined
boundary, fading away gradually into the colonrless tissue
lying within it. Some authors have supposed that the

Fin. 22. (1)

(1) Cavities in human enamel, which communicate with the dentinal tubes.
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pigment lay in a thin coating of cementum, or in a very
distinet layer of enamel, but as has above been stated, such
is not the case.

Cavities of irregular form sometimes exist in the enamel
near to the surface of the dentine, and when such spaces
exist the dentinal tubes sometimes communicate with them,
but these are to be regarded as pathological. Irregular
fissures and cavities also oceur upon the outer surface of the
enamel, which also have no special significance save as
predisposing causes of dental caries.

In man, however, dentinal tubes may occasionally be
seen to enter the enamel, passing across the boundary be-
tween the two tissues, and pursuing their course without
being lost in irregular cavities ; though this appearance is
seldom to be seen. As was pointed out by my father, the
passage of the dentinal tubes into and through a great part cf
the thickness of the enamel takes place in marsupials with
such constancy as to be almost a class characteristic.

The only exception to the rule amongst recent marsupials
oceurs in the wombat, in which no dentinal tubes enter
the enamel ; those extinet marsupials which have been
examined present, as might have been expected, a structure
in this respect similar to that of their nearest allies amongst
the recent genera.

The enamel of the wombat is peculiar also in another
respect, being covered by a strong and remarkably uniform
layer of cementum.

The penetration of the enamel by dentinal tubes is not,
however, a peeuliarity quite confined to the marsupiais, for
it is to be found in some rodents (e ¢. the jerboa), and in
some insectivora (e. g. the Soricidze).

Waldeyer and Hertz doubt the passage of the tubes of the
dentine into the enamel ; as Kolliker observes, it is difficult
to see how they can doubt it, even after mere observation
of a single specimen ; moreover, it is also capable of expe-
rimental demonstration, for if an acid capable of removing
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Fig. 23. (1)

(*) Enamel and dentine of a Kangaroo (Mo cropus siajor.)

The dentinal tubes in the dentine (A) are furnished with numerous shoit
branches at the line of juncture with the enamel ; they are dilated, and a
little bent out of their course, while beyond the dilatation they pass on
through about two-thirds of the thickness of the enamel in a straight course
and without branches. Only a part of the whole thickness of the enamel
is shown in the figure.

B, Enamel penetiated by the fubes. C, Individual dentinal tule.
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the enamel be applied to one of these sections of marsupial
teeth so as to dissolve away the enamel, the freed tubes -
are left hanging out from the edge of the dentine, thus put-
ting the matter beyond all possibility of doubt.

The most marked variation in the structure of enamel,
which is on the whole a tissue differing but little in various
animals, is met with in the class of fish.

In the Sargus, or sheep’s-head fish, for example, the
enamel is penetrated by a system of tubes which are not
continued out of or derived from the dentine, but belong
to the enamel itself.

I; I.‘:;!“I‘*‘l!gxl#'. Y t:!:x Jﬁll
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The tubes, as seen in the figure, start from the external
surface of the enamel, proceed inwards without branch or
bend for some little distance, and then, at about the same
point, bend abruptly at an angle, and give off numerous
branches. The pattern produced by the crossing of the
tubes at all sorts of angles in the inner part of the enamel
is so complicated as to render it impracticable to reproduce
it in a drawing. I have not been able to satisfy mysell
whether the tubes occupy the interspaces of the enamel
prisms, or their axes; the latter would, a priori, seem the

(1) Enamel and dentine of the Sargus (Sheep's-head fish).

The enamel is penetrated by a system of channels which enter from its
free exposed surface, pass in fora certain distance in straight lines, and
then abruptly bending at an angle eross one another, and produce a com-

plicated pattern in the inner third of the enamel.
¢, Enamel. , Surface next to the dentine,



o6 A MANUAL OF DENTAL ANATOMY.

mnore probable position, in which case their formation would
present analogies with that of the dentinal tubes.

It would appear also as if these tubes were empty during
life, as in sections their open extremities are uniformly
found to be more or less blocked up with dirt. The exist-
ence of the prisms at all is not certain, and this led Kolliker
to say that true enamel does not appear to exist in fishes
(Mik. Anat. p. 114) ; the enamel of fish is, however, deve-
loped from an enamel organ homologous with, and exactly
like, that of amphibia and reptiles, so that these anomalous
tissues must be regarded as being unquestionably enamel.

DENTINE.

With the partial exception of the very anomalous tooth
of the Micropteron, a ziphoid eetacean, the greater part of
every tooth is made up of dentine, which thus, even after
the removal of the other tissues would preserve somewhat
its characteristic form. Several varieties of dentine exist
in which those peculiarities of structure which differentiate
it from hone become less marked, so that a point is some-
times reached at which it is hard to say whether a parti-
cular structure should more rightly be regarded as dentine,
or as bone, It will be most convenient to commence with
the description of that variety of dentine which differs
most markedly from bone ; in other words, whieh has the
most typical ““dentinal™ structure ; and for that purpose
the tissue met with in the teeth of man and the majority of
mammalia, (though it is by no means confined to that
class,) and known under the name “ hard ” or “ unvascular”
dentine, may be selected.

Dentine is a hard, highly elastic substance, in colour
white with a slight tinge of yellow, and to some extent
translucent, its transparency being often made more striking

e W e
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by contrast with the opacity which marks the first advent of
dental caries. When broken, a silky lustre is seen mpon
the fractured surfaces, which being in the main due to the
presence of air in its tubes, is more apparent in dry than
in fresh dentine ; its fracture is sometimes described us
finely fibrous.

The mass of the dentine consists of an organic matrix
richly impregnated with caleareous salts; this matrix is
everywhere permeated by parallel tubes, which run, with
some deviations, in a direction at right angles to the surface
of the tooth.

" The matriz,—The exact chemical composition of the
matrix is not known ; in man the propertion borne by the
organic to the inorganic constituents varies in different
individuals, and very probably in the same individual at
different ages, so that analyses can ouly give approximate
results. In a fresh human tooth 62 per cent. of its weight
was found to be inorganie salts, the tooth cartilage being
28 per cent., leaving a residue of 10 per cent. of water.

Bibra gives the following analysis of perfectly dried
dentine :—

Organic matter (tooth cartilage) .. 2761
Fat ; 4 ? : : o 2040
Phosph. fluoride calcium . ; . 6672
Carbonate of caleinm . - e a8
Phosph. of magnesium . : . 108
Other salts . ; . : S 088

The dentine of many maminals is very much more rich
in phosphate of magnesium than human dentine is ; it
would seem, from the discrepancies existing between the
various analyses, that it is variable in composition, but, on
the whole, it may be said that, amongst inorganic consti-
tuents of dentine, phosphate of lime largely preponderates ;
from 3% to 5 per cent. consists of carbonate of lime; a
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much smaller proportion consists of phosphate of magnesia,
while fluoride of lime exists in traces only.

The organic basis of the matrix is closely related to that
of bone, with which however it is not identical ; it is of
firmer consistence, and does not readily yield gelatine on
boiling, but, according to Kdlliker (who quotes Hoppe), the
dentine of the pig yields a substance resembling glutin,
the dentinal globules remaining undissolved. The animal
basis of the dentine is called “dentine cartilage,” and
is readily obtainable by submitting a tooth for several days
to the action of diluted acids. The form and most of the
structural characteristics of a tooth so treated are main-
tained, the dental cartilage forming a tough, flexible,
and elastic semi-transparent mass,

In the matrix of a perfect tooth no trace of cellular or
other structure can be detected ; it is perfectly umniform
and perfectly transparent.

As has been already mentioned, the matrix is every-
where permeated by tubes, the precise direction of which
varies in different parts of the tooth, so that the following
description of their course must be taken as merely in a
general way descriptive, and not as of universal or precise
application. Each tube starts by an open circular mouth
upon the surface of the pulp cavity; thence it runs out-
wards, in a direction generally perpendicular to the sur-
face, towards the periphery of the dentine, which, however,
it does not reach, as it becomes smaller, and breaks up into
branches at a little distance beneath the surface of the
dentine.

Dentinal tubes—If dentine be exposed to the action of
strong acid for some days, a sort of fibrous felt, or if the
action of the acid has gone further, a transparent slime,
alone remains. HExamined with the microscope this proves
to be a collection of tubes; it is, in fact, made up of the
immediate walls of the dentinal tubes, the intervening
matrix having been wholly destroyed.
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Two facts are thus demonstrated : the one that the tubes
have definite walls, and are not simple channels in the
matrix ; the other, that these walls are composed of some-
thing singularly indestructible. Indeed, the walls of the
dentinal tubes are so indestructible that they may be
demonstrated in fossil teeth, in teeth boiled in ecaustic
alkalis, or in teeth which have been allowed to putrefy.

Although Kolliker was, I believe, the first to describe and
figure these isolated tubes, they are generally known as
the “ dentinal sheaths of Neumann,” the latter writer
having more fully investigated and described them. The
precise chemical nature of these sheaths will be more con-
veniently considered under the head of calcification: simi-
larly indestructible tissues are, however, to be met with
surrounding the Haversian canals and the lacunz of bone.
It is the opinion of Neumann, as it was also of Henle, that
the dentinal sheaths are caleified ; but the proof of this is
very difficult, as they cannot be demonstrated, or I should
rather say, isolated, to any extent in dentine, unless it has
been decalcified.

Transverse sections of dentine present fallacious appear-
ances, owing to the thickness of the section giving to the

Fig. 25. ()

tube a double contour which may be easily mistaken for a
special wall. Immediately round the opening of the canal,
or “ lumen,” as it is called, there is however generally a

(1) Transverse section of dentine. The appearance of a double contour
is so much exaggerated as to make the figure almost diagrammatic. .
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thin yellowish border, which-is the sheath of Neumann.
In the earlier stages of caries, before the dentine is much
softened, the walls of the canals become strikingly appa-
rent. The canals which everywhere permeate the dentine
are not empty, a fact which might be inferred from the
difference in translucency and general aspect of dry and
fresh dentine, whether seen in mass or in thin section ;
neither are they, as was at one time supposed, tenanted
merely by fluid.

Fig. 26. (1)

Each canal 1s occupied by a soft fibril, which is conti-
nuous with the odontoblast cells upon the surface of the
pulp ; the existence of these soft fibrils was first demon-
strated by my father, who thus, to use the words of Wal-
deyer, “ opened the way to a correct interpretation of the
nature of the dentine.”

Some cavil having been raized by a writer as to my father’s claim
to priority in this discovery, it may not be out of place to state
the facts of the case here, although I should not have been at the
pains to do so had not the imputations conveyed in an ephemeral
paper been in substance repeated in a recent work by the same
author.

A claim of priority has been set up upon behalf of two writers,
Henle and Lent ; the former author, in his *f Allgemeine Ana-
tomie,” (1841), a translation of a portion of which is to be found

(1) A fragment of dentine (z), through which run the softer fibrils (<),
which are seen to be continuous with the odontoblast cells (). (After

Dr. Lienel Beale.)
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in the ‘¢ Archives of Dentistry,” (1865,) figured and described
projections from the edges of fragments of dentine in continuity
with the dentinal tubes. These he distinctly describes as calcified
and rigid, adding that by the use of acids they may be made
flexible ; he speaks of the tube as empty, save when blocked by
granular calcareous matter, and alludes to fluids entering it by
capillarity ; and lastly, he says nothing whatever of the connections
of the pulp with the tubes.

The whole importance of my father's discovery lay in the fact
that dentine is permeated by soft, uncalcified structures; and what
is yet more significant, that these soft fibrils, permeating the hard
dentine, proceed from the pulp. In no sense, therefore, did Henle
anticipate this dizcovery.

In 1854 Lent figured processes from the dentinal cells (odonto-
hlasts) which he rightly conceived to be concerned in the formation
of dentine ; but in the eavlier editions of the *‘ Histology™ of his
friend and teacher, Prof. Kolliker, although Lent's discoveries are
deseribed and adopted without reservation, no mention of the real
structure of dentine occurs, DBut in the last edition, Prof. Kolliker
says—*“ after Tomes had described a soft fibre in each tube, I
fell into the mistake of supposing that these fibres and the tubes
were one and the same.” It is at least remarkable that a claim
for priority of discovery should have been set up on M. Lent's be-
half, which neither he himself nor his friend and fellow-count:y-
man, the eminent Professor Killiker, has ever thought of ad-
vancing ;. but it appears very probable that the structuresin gques-

tion will continue to be described, as they now commonly are, as
“ Tomes' fibrils,” :

The circumstances under which the dentinal fibrils ean
or cannot be discovered are as follows, and may be taken as
proofs of the distinction between the dentinal fibrils and the
dentinal sheaths.

If a tooth section be submitted to the action of a caustic
alkali and boiled in if, or be allowed to completely putrefy,
so that the soft parts are entirely destroyed, the dentinal
sheaths can still be demonstrated, but the fibres can in no
way be brought into view (Kélliker). The dentinal sheaths
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may be demonstrated also in fossil teeth, as has been
shown by Hoppe (Wuwrzbugh Nat. Zeitschritt, Bd. VL p.
x1.) and others.

In fresh dentine every formative cell sends a process into
the dentinal tubes (Tomes, Kolliker, Lent, Waldeyer, Neu-
mann), and it has been found possible to demonstrate both
the sheaths and the fibres in the same sections (Neumann,
Boll).

In transverse and even in longitudinal sections of decalei-
fied dentine the fibrils may be recognised in situ (Kolliker).

Fig. 27.()

The contrast between the dentinal sheaths and the fibrils
is this :—the sheaths are very indestructible, and can be
demonstrated in teeth which have undergone all sorts of
change ; the soft fibril is no longer demonstrable when the
tooth has been placed in circumstances which would lead
to its soft parts perishing. In dentine, then, we have
(i.) a matrix permeated by tubes; (ii.) special walls to
these tubes or “dentinal sheaths;” and (iii.) soft fibrils
contained in these tubes, or “ dentinal fibres ; ” and it now
remains to consider these several parts in farther detail.

Of the matrix there is little to be said ; its chemical and
physical qualities have already been alluded to, and it is
absolutely structureless, save where “ interglobular spaces
exist. In the layer of dentine which immediately under-
lies the cement an immense number of minute interglo-

(1) Section of dentine from the edge of which hang out the dentinal
sheaths, and beyond these again the fibrils (after Boll).
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bular spaces exist, giving to the tissue as seen under a low
power an appearance of granularity. On this account my
father gave to this the name of the “granular layer” of

dentine ; on account of the far greater abundance of the
spaces in that situation it is far more marked beneath the
cement than beneath the enamel, and many of the dentinal
tubes end in these spaces.

Although the name “interglobular spaces” is strictly
applicable to the structures constituting the granular layer
of dentine, it was not to these that it was first applied.
When a dried section of dentine is examined, dark irregular
spaces, clustered together and usually most abundant at a
little distance below the surface, are often to be seen, parti-
cularly if the section has been made from a brownish, im-
perfectly developed tooth, ,

These spaces have a ragged outline, furnished with short
pointed processes, and in favourably-prepared sections it
may be seen that their outlines are formed by portions of
the surfaces of closely opposed spheres, and globular con-
tours may often be detected in the solid dentine near to
them, as is seen in the accompanying figure, taken from a
section boiled in wax in order to render it very trans-
parent.

Although these are very common, they are perhaps not
to be regarded as perfectly normal, but are rather indications

() Dentinal tubes terminating in the spaces of the granular layer.
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of an arrested development at that spot. The ocenrrence
of globular forms during the early stages of calcification,

Fig. 20. (1)

will again be alluded to in connection with the develop-
ment of teeth ; but although that term ““interglobular™ is
thus strictly applicable, the use of the word ¢ spaces” 1s
not so correct. In dry dentine it is true that they are, as
Czermak described them, spaces filled with air; but that
they are so is only due to the fact that their contents are
soft, and shrivel up in drying. In the fresh condition the
interglobular “space ” is perfectly full, its contents having
the structural arrangement of the rest of the matrix ; that
is to say, the dentinal tubes pass across and through them
without ‘any interruption or alteration in their couise.
This fact, as well as the soft nature of the contents as com-
pared with the rest of the dentine, is well illustrated by a

(V) luterglobular spaces in dentine,

il o e

M i v



THE DENTAL TISSUES. 65

section in my possession which was taken from a carious
footh, near to the affected surface. In this the fungus,
leptothrix, had effected an entrance into some of the tubes,

Fig. 30. (Y

aiving to them a varicose beaded appearance, and causing
their enlargement. But when it reached the.interglobular
space, the less amount of vesistance, or possibly the more
favourable pabulum accessibie, led to its more rapid deve-
lopment, so that the tubes within the confines of the space
are many times more enlarged than those outside ; never-
theless the continuity of the tubes across the space is well
demonstrated by the growth of leptothrix having followed
them with exactitude.

It sometimes happens that indications of spherical forms
and faintly discernible contours resembling those of the
interglobular spaces may be seen in dried sections, in which
no actual spaces occur. The appearances are perhaps pro-
duced by the formation of an interglobular space, the con-
tents of which have subsequently become more or less
perfeetly caleified ; and the appearance deseribed as “areolar
dentine ” is probably to be explained in this manner.

The exact nature of the contents of the interglobular
spaces 1s not very certain: they may, with some dfiliuult:;z
be tinted by carmine, and it is said that they may, like
the dentinal sheaths, be isolated by the destruction of the

(1) Section of earious dentine, in which some of the tubes are beaded hy
the ingress of the leptothrix, which has developed with greater freedom in
one or two of the tubes where they cross the interglobular Spaces.

F
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rest of the matrix in acids, and that this may be done T do
not doubt, although I have never succeeded in so isolating
them myself,

The dentinal tubes.—Each tube proceeds from the pulp
cavity towards the surface of the tooth, so that the tubes
may be said to radiate from a central axis, constituted by
the pulp. Near to the pulp they are so closely packed
that there is little room between them for the matrix,
while near to the outside of the tooth they are more widely
separated ; their diameter is also greater near to the pulp
cavity,

The dentinal tubes do not pursue a perfectly straight
course, but describe curves both on a large and a smaller
scale. The longer curves are less abrupt than the others,
and are termed the “primary enrvatures ;” they are often
compared to the letter f, to which they bear a certain
amount of resemblance; their primary curves are more
pronounced in the erown than in the root.

The secondary curvatures are very much more numerous

and are smaller ; the actual course of the dentinal tube is,
in many places at all events, an elongated spiral, as may
Le very well seen in thick sections transverse to the tubes ;
by alterations in the focus of the microscope the appear-
ance of the tube making a spiral turn is made very
striking. The effect of an elongated spiral viewed on its
side will of course be only slight undulations, such as are
the secondary curvatures of the tubes. The spiral course of
the dentinal tubes is most strongly marked in the roots of
teeth.

When a transverse section of dentine is viewed, bands or rings
concentric with the pulp cavity are seen, and the same bands may
be seen in longitudinal section. Such a striated or laminated ap-
pearance in the dentine may be due to two causes; and some little
confusion has arisen in the nomenclature, owing to their double
origin not having always Leen kept in view. Such strie may be
due to the presence of rows of interglobular spaces, or to the coin-

o Wl v
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cidence of the primary curvatures of neighbouring dentinal fubes :
that is to say, each tube bends at the same distance from the sur-
face, and the bend makes a difference in the optical properties of
the dentine at that point.

Schreger described these latter : the lines of Schreger, therefore,
are markings, ranged parallel with the exterior of the dentine,
which are due to the curvatures of the dentinal tubes.

The “¢ contour lines” of Owen, even in his ewn works, include
markings of both classes : i. e., those due to the curvature of the
dentinal tubes, and those due to lamin@ of interglobular spaces,
such as are met with in the teeth of cetacea. Retzius had seen
and described contour markings due to interglobular spaces, though
his name_ is not usuvally associated with them, the *° brown strize
of Retzius"” being markings in the enamel.

The tubes as they pass outwards offen divide into two
equally large branches ; they also give off fine branches,
which anastomose with those of neighbouring tubes. In the
crown of a human tooth these fine branches are compara-
tively few, until the tube has reached nearly to the enamel,
but in the fang they are so numerous as to afford a ready
means of distingunishing whence the section has been taken.
The small branches above alluded to are given off at right
angles to the course of the main tube, which, Lowever, itself

Fia. 1. (%)

frequently divides and subdivides, its divisions pursuing a
nearly parallel course.

(') Termination of a dentinal tube in the midst of the dentine- ~human.,
T 2
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The tubes are subject to slight varicosities, and their
course 18 sometimes apparently interrupted by a small
interglobular space, as is to be seen in an extreme degree
in the denfine of many Cetacea.

Owing to their breaking up into minute branches, some
of the tubes become lost as they approach the surface of the
dentine, and apparently end in fine-pointed extremities,

Some terminate by anastomosing with terminal branches
of others, forming loops near to the surface of the dentine;
others terminate far beneath the surface in a similar way.

Some tubes pass into the small interglobular spaces
which constitute the ¢ granular layer” described by my
father, while others again pass out altogether beyond the
boundary of the dentine and anastomose with the canaliculi
of the lacunee in the cementum.

The enamel also may be penetrated by the dentinal
tubes, though this when occurring in the human subject
must be regarded as exceptional and almost pathological
in its nature (see Fig. 22). As has, however, been men-
tioned in speaking of the enamel, in most of the marsu-
pials and in certain other animals it is a perfectly normal
and indeed characteristic occurrence, difficult though it be
to see how such a relation of parts is brought about in the
course of development of the two tissnes.

Dentinal fibrils, —There remain to be considered the
dentinal fibrils ; the cireumstances under which these can
or cannot be discovered having already been described,
it will suffice in this place to give a description of their
characters, In fortunate sections of small fragments of
dentine taken from the edges of the pulp cavity and in-
cluding the surface of the pulp, the dentinal fibrils may be
seen stretching from the cells of the superficial layer of
the pulp (edontoblasts) into the dentinal tubes, as owing
to their being extensile they may be stretched or drawn out
from the tubes for some little distance without being
broken across, In the same way they may be seen
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stretching across like harp strings between two pieces of
dentine, when this is torn by needles, and they can be
thus shown in fresh fragments just as well as in those of
decaleified dentine. When stretched to a considerable ex-
tent their diameter becomes diminished and they finally
break, a sort of bead sometimes appearing ab the broken
end (J. Tomes). This would seem to indicate that the sub-
stance of the fibril is of colloid consistency, and that its
external portions are in some degree firmer than its axial
portion.

The dentinal fibrils are well seen in the accompanying
figure, in which some hang out from the edge of the den-

Fig 32. ()

tine, while others have been pulled out from the dentine
and are seen attached to the odontoblast cells.

The dentinal fibril is capable of being stained with car-
mine, though with some diffienlty ; in young dentine it
is more easily stained, especially near the. pulp cavity, and
the accompanying drawing is taken from such a section of

(1) Surface of the pulp, with the odontoblast layer in site. The dentine
fibrils pulled out of the dentinal tube hang like a fringe from the odonto-
blast layer: dentine fibrils are also sean hanging out from the cdge of the

dentine, to which, to the right of the figure, a few odontoblasts remain
attached.
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dentine from a half-formed human incisor. The matrix is
slightly stained with the carmine, indicating that it has not
vet become fully impregnated with salts, and in the centres
of the clear areas dark spots deeply stained with carmine
are to be seen, the latter being transverse sections of the

Fig. 33. ()

dentinal fibrils 7 sifu. 1 have observed precisely similar
appearances in the thin young dentine of calves’ and pigs’
teeth ; Killiker also mentions that the dentinal fibril may
be recognized in sitw in transverse sections of fresh dentine.

According to Neumann, in old age the fibrils atrophy
or become caleified ; some observers have failed to detect
them near to the periphery of the dentine, far away from
the pulp cavity. But here they would naturally be more
minute, and it is more probable that the manipulations
have failed to demonstrate them than that they are absent.

Mr. Ralter bas repeated his denial of the existence of the
dentinal ftibrils, without, however, meeting any one of the proofs
alvanced by Kolliker and others to the contrary, but basing his
objection upon an observation of Hoppe's made upon fossil teeth.
His view, which involves the very obsolete conception of a
cell as a membranous sac enclosing fluid contents, is fully
rafuted by Kolliker. Moreover, as against the anthority of Mr.
Salter we have to weigh that of Kolliker, Waldeyer, Frey, Neu-

(1) Transverse section of dentine: in four of the dentinal tubes, the
dentinal tibrils deeply stained with carmine, in the preparation from which
this tigure was drawn, are seen. The fibrils are somewhat shrunken, owing
to the action of the glycerine iul which the section is mounted,

i i . e i
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mann, Boll, Dr. Lionel Beale, and my father ; in fact, without
enumerating more, that of most of the names which can be thought
to carry any weight in this branch of histological science.

Dr. Beale has seen prolongations of the nucleus of the
cell towards the base of the fibril, though in the example
which he figures it does not enter it.

Dentinal fibrils have been demonstrated in the Reptilia
and Amphibia by Santi Sirena and myself ; and by myselt
in the few fish that I have examined with that purpose.

Of their real nature some doubts are entertained : they
are certainly processes of the formative cells of the dentine,
and their substance seems identical with that of the proto-
plasm of the cell. Nerves, in the ordinary semse of the
word, they are not, and have never been supposed to be ;
but there are many examples of cellular structures which
are conmected with the termination of sensory nerve fibres,
such as the goblet cells in the olfactory membrane of the
frog, and it is quite possible that the odontoblast cells may
<tand in some such relations to the nerves of the pulp, the
termination of which have never been satisfactorily traced.
No true nerve fibril has ever been seen to enter the den-
tine : nothing but the dentinal fibril has ever been proved
to pass from the pulp nto the hard substance of the
tooth ; nevertheless, the observation of Boll is very sug-
gestive. He found that by treating a perfectly fresh pulp
with & per cent. solution of chromic acid an immeuse
number of fine fibres could be demonstrated, a great, many
of which projected from above the surface, as though they
had been pulled out of the dentinal tubes ; but although
they pass up from a plexus of dark-bordered nerve fibres
beneath the membrana eboris, between the cells of that
layer, their passage into the dentine remains a mere matter
of inference.

Be that as it may, there can be no question that the
sensitiveness of the dentine is due to the presence of soft
organized tissue in the tubes, and is not a mere transmis-
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sion of vibrations to the pulp through a fluid or other inert
conductor, The peripheral sensitiveness of a tooth can be
allayed by local applications which it would be absurd to
suppose were themselves conducted to the pulp ; moreover,
it is within the experience of every operator that after the
removal of a very sensitive layer of caries, you often come
down upon dentine, which, though nearer to the pulp, is
far less sensitive, a condition quite inexplicable, exeept
upon the supposition of a different local conditton of the
contents of the tubes. Irritation applied to the dentinal
fibrils may be propagated to the pulp, and irritation of the
pulp set up without any real exposure of the latter.

With reference to the probabilities of actual nerve fibres
entering the dentinal tubes, it must be remembered that, in
those tissues which are naturally so thin as to present
great facilities for examination, nerves of a degree of fine-
ness unknown elsewhere have been demonstrated : in other
words, the easier the tissue is to investigate, the finer the
nerves which have been seen in it, while dentine is amon u
the most difficult substances conceivable for the demonstra-
tion of fine nerve fibrils, if such exist in it.

In normal dentine a series of concentric lines preserving
more or less parallelism with the surface, and marked Ly
slight differences of colour and opacity, may be seen, termed
the “lines of Schreger.” They are due to the primary
curvatures of the dentinal tubes, those of contignous tubes
corresponding, and thus causing differences in the reflection
of the light. Although these might be called  contour lines,”
the latter name is usually applied to markings due to a

different cause. In the teeth, for example, of the sperm

whale, or the tusks of an elephant, there exist concentric
markings, called contour lines, which are due to strata of
very small interglobular spaces (see page 65). The lines so
produced are called contour lines, and lead to the dentine
cccasionally when decomposing, or in the case of fossils
weathering, breaking up into concentric layers ; it would,

PP T
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however, convey a very erroneous impression were the.
dentine on this account to be termed a laminated structure,
as has been done by some authors. Many modifications in
the structure of dentine exist : thus, as has already been
noticed in the Cetacea, interclobular spaces exist in very
oveat numbers, and are disposed with great regularity. In-
deed they are so regular in form, their branches ave so long,

and their general disposition in contour lines so regular,
that they recall the lacunae of bone rather than inter-
alobular spaces ordinarily so called.

Vaso-dentine.—In the dentine as thus far described, all the
dntinal tubes radiate from a single central pulp cavity,
and in the substance of the dentine no vascular canals, save
as an abnormality, are ever found to oceur, whenez it has
received its name of hard “unvascular’ dentine. The
dentine, however, of a very larce number of fishes, and of
some few reptiles and mammals, is pervaded by a sys‘em of

(') Dentine and cementum of a Narwal, N
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much larger tubes, anastomising for the most part freely
with one another, and generally terminating, after much
reduetion in size by many subdivisions, into a sort of brush
of fine tubes, not much larger than ordinary dentinal tubes.
These large vascular tubes contain blood-vessels, and also
pulp tissue ; but the exact nature of the contents, as well as
the development of vaso-dentine, are matters which require
further elncidation.

In some mammalian teeth these vascular canals are dis-
posed with some little regularity, and often course at right
angles to the dentinal tubes, which are not much disturbed
by them. 1In the Manatee, for example, the dentinal tubes

Fig. 35. (")

P
L

radiate outwards from the central pulp cavity, and appear
to have nothing to do with the vascular canals, which are
to be met with, especially in the roots, in large numbers

(1) Vascular canal in denfine, TFrom a human tooth.
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The vascular or medullary canals form loops, aurLu_nite into
a sort of plexus beneath the cementum. The dfautme of the
areat extinet Megatherium, of which a figure is appended,
is rich in these canals.

In human dentine vascular canals do not often oceur,
and when they do, are to be regarded as decided abnor-
malities. ‘

The accompanying figure (Fig. 35), representing a canal
of large size, was drawn from a specimen shown to me at
the Cambridge (Massachusetts) Museum by Dr. Andrews.

Vascular canals of this kind, simply interpolated as it
were in the dentine, are to be met with in other mammals

Fig. 36. (1)

e.q., the Tapir. The ceutral pulp cavity becomes less im-
portant, and the medullary canals of more significance, in
the dentine of many fish, in which the medullary canals
take the place of the central pulp, as centres from which
the dentinal tubes radiate.

In the Myliobates (see Fig. 37), the flat pavement-like
tooth is permeated by a series of equidistant parallel

(1) Dentine and cementum of the Megatheriuin, To the left is the inner

portion of dentine, rich in vascular canals; this is followed by fine-tubed
dentine, and this again by vascular cementum.
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straight canals, running up at right angles to the surface ;
from the upper end and sides of these channels systems of
dentinal tubes radiate, just as the tubes radiate {rom the
single pulp chamber of a human tooth, save that they run
for a comparatively short distance. In transverse sec-
tions the tubes are seen radiating from these channels,
which in the young and fresh tooth contained vascular
pulps, and at their terminations sometimes inosculating

Fig. 87.
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with the terminal branches of the tubes of another system.
Towards the attached base of the tooth, the disposition of
the channels ceases to be regular, and, as a consequence,
the systems of dentinal tubes pass from them in various
dirvections without producing the symmetrical patterns
which characterise the upper part of the crown.

When the tooth comes into use and its immediate surface
gets worn off, the ends of the perpendicular pulp channels
would be laid open, were it not that they become blocked

(1) Transverse section of the dentine of Myliobates.
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by the deposition of a transparent hn}llngeneg}li t;ssue

within them, analogous to the similar tissue which closes
Haversian canals of an autler about to be.shﬂt_l, :

Such isan example of vaso-dentine in its simplest form,

Fig. 38. (!

in which the tooth might be said to be built up of a series
of small parallel denticles ; and a similar structure is pre-
sented by the rostral teeth of the saw-fish, and by the
teeth of the Orycteropus or Cape ant-eater.

More commonly, however, the channels do not course
through the dentine with this great regularity, but, while

(1) Tooth of a species of Lamna, consisting of a central mass of vaso-
dentine, passing towardsits surface into a fine-tubed unvascular dentine.

The clear structureless layer on the surface may probably be regarded as
enamel,
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pursuing directions having some general parallelism to the
surface, divide and branch with more or less irregularity.
Dentinal tubes branch out from their surfaces as from the
channels in the tooth of Myliobates, while their smaller
cecal offsets commonly terminate in a sort of brush of
dentinal tubes. A very common arrangement of tissues in
the teeth of sharks and of other fish is that here figured ; a
central core of vaso-dentine, which constitutes the bulk of
the tooth ; external to this a somewhat thin layer of hard
dentine, in which all the dentinal tubes run out at right
angles to the surface, but are derived from the channels of
ghe vaso-dentine and not from any single pulp chamber ;
while the outermost layer, which is eclear and structure-
less, may be merely the outer part of the hard dentine,
or may be athin layer of enamel. It is to be regretted that
special names have been given to this layer ; it is some-
times called vitro-dentine, sometimies ganoin or fish-enamel ;
but there is no reason why it should have a special name
at all. The similarity of the channels of pulp in vaso-den-
tine to Haversian canals in bone is very close ; in fact,
when teeth consisting of vaso-dentine become, as In many
fish ‘they do, anchylosed to the subjacent bone, it be-
comes impossible to say at what point the dentine ends and
the bone commences ; and this difficulty is intensified by
the fact that the bone of many fishes lacks lacunze, and is
almost exactly like dentine.

Another term has been proposed to designate a variety of
dentine which very closely approximates to bone, namely,
osteo-dentine ; in this tissue not only, are there vascular
channels, but the matrix around them is disposed in con-
centric laminee, and interspersed amongst the tubes are
lacuncee.

Osteo-dentine is met with less commonly than vaso-
dentine, which forms the teeth of the majority of fish; but it
must not be supposed that any very sharp line of demarca-
tion can be drawn between these varieties of dentine, nor
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hetween them and bone, as they pass into one another by
very slight gradations. . Fibiss

Yet another modification of vaso-dentine exists in many
fish, in which distinct dentinal canals are not perceptible,

Fig. 30. (1)

but the whole tooth consists of a fine-grained matrix per-
meated by vascular canals,

In those teeth in which the whole pulp is converted into
solid material, and no pulp cavity remains, the last portions
of the pulp are often not convertéd into dentine which has
the same character as that of the rest of the tooth. Thus in
teeth of perpetual growth, such as the incisors of rodents,
the axial portion of the tooth is that latest calcified, and
consists of a dentine containing vascular canals, which are

(!) Bection of a mass of secondary dentine from the tooth of a S[permm
whale,
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not present in the other part of the tooth, When a change
thus occurs in the character of the tissue formed at a later
time than the rest of the dentine, the name “ secondary
dentine” is applied to the resultant tissme,

The pulp of a sperm-whale’s tooth becomes obliterated
by a development of secondary dentine, which sometimes

Fig. 40. (")

forms irregular masses loose in the pulp chamber, and
sometimes is adherent to and continuous with the dentine
previously formed. The structure of these masses is very
Tubes, of about the same diameter as dentinal

confused.
anged in tufts orin

tubes, abound ; but they are often ar

(1) Becondary dentine filling up one of the cornua of the pulp cavity.

From a human molar affected by caries.
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bundles, and without any apparent reference to any com-
mon points of radiation, Irregular spaces, partaking of
the character of interglobular spaces or of bone lacune,
abound ; and vascular canals are also common,

In the human tooth secondary dentine occurs in the
teeth of aged persons, in which the pulp cavity is much
contracted in size, and also is very frequently formed as a
protection to the pulp when threatened by the approach ot
dental caries, or by the thinning of the walls of the pulp
cavity through excessive wear. The accompanying figure,
representing one of the cornua of the pulp chamber from
a molar tooth affected by caries, is a good example of secon-
dary dentine. It occasionally happens that the pulp re-
sumes its formative activity, and new dentine is developed
which, with the exception of a slight break or bend in the
continuity of the tubes, is almost exactly likenormal dentine.
More often, however, the boundary line between the old
and the new is marked by an abundance of irregular spaces
and globular contours, while further down, in the new or
secondary dentine, the tubular structure again asserts itself
more strongly. This 1s well seen in the specimen figured.

It would be impossible to attempt to give any descrip-
tion of the almost endless minor modifications of dentine
structure, but the present section would be ineomplete
without a mention of that variety known as ¢ labyrintho-
dentine,” which is in some ways akin to some forms of
vaso-dentine.

In the teeth of the Varanus (monitor lizard) the process of
calcification of the pulp takes place in such manner that in
the upper half of the tooth a cap of ordinary unvascular
dentine, in which the tubes radiate from a single central
pulp cavity, is formed. But in the lower part of the tooth
shight longitudinal furrows appear on the surface, which
on transverse section, are seen to correspond to dippings in o;‘
the dentine ; and the dentine is, as it were, in fﬂl{'ls.m The
pulp on section might be compared to a paddle-wheel, the

LF)
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floats of which correspond to the thin flat radiating pre-
cesses of pulp ; but as yet the central pulp chamber is un-
altered. A little lower down, as represented in the acconi-
panying figure, there is no longer a central simple pulp
chamber ; the inflections round the periphery have become

Fig. 41. (1}

relatively much deeper, and the centre of the tooth is occu-
pied by a tissue irregular, but not otherwise unlike the
dentine of Myliobates ; that is to say, theve are a number
of columns of pulp, each of which forms the axis whence
a system of dental tubes radiate. -

The outrunning plates of dental pulp, which on section
radiate out like the spokes of a wheel, do mot always
remain single ; they may divide simply into two branches,
as may be seen in the section across the bone of the tooth
of Lepidosteus (North American hony pike); or sometimes
there are several branches.

In the opposite figure of the base of a tooth of Lepi-
dosteus (American bony pike) some few of the outrun-
ning pulp chambers are seen to be bifurcated, while the
central mass of the tooth is composed of dentine permeated
by pulp canals which pursue a longitudinal course; a

(1) Transverse section across the erown of thetooth of Varanus, near to its
base. The eentral pulp. cavity is produced out into processes, and it

might be said the dentine is arranged in plates with some little regularity
roun its periphery.
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slight further modification brings us to the structure of the
dentine of the Labyrinthodon, in which maximum of com-
plexity is attained although a clue to its intfimate structure
is afforded by the teeth of Varanus or of Lepidosteus.

The laminze of pulp, with their several systems of den-
tinal tubes, instead of passing out in straight lines like the

Fig. 42 (1)

T

(') Transverse section .across the tooth of Lepidostens. At the exterior
are regularly disposed radiating plates of dentine, each with its own pulp
cavity, while the central area is composed of more or less eylindrical pulp
chambers, each of which forms the starting point for its own system of

dentinal tubes. The pulp chambers are dark in the figure for the sake of
greater distinetness,

G 2
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spokes of a wheel, pursue a tortuous course as they run
from the central small pulp chamber towards the surface.
Not only do they undulate, but they also give off lateral
processes ; and at their terminations near to the surface of
the tooth, the thin laming of pulp (so thin that the radi-
ating pulp chambers are mere fissures) become dilated ; so
that on section circular canals are seen at these points, as is
also the case at the points where subsidiary processes
branch off.

The wavy course pursued by the radiating plates of den-
tine, and the disposition of the tubes round the dilated
portions of pulp chamber, render the general aspect of the

Fig. 43. (1)

(1) Transverse section of a tooth of Labyrinthodon, (After Owen.)

The letter @ is placed in the centre pulp chamber; the letter b marks the
lines of separation between the system of dentinal tubes which belong to
each lamina of pulp; these lines of demarcation were formerly sup-
posed to be occupied by cementum,
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dentine structure very complicated ; the several “systems” ()
are united to one another by an inosculation of the ter-
minal branches of the tubes in some few places, but more
generally by a clear layer containing radiate spaces, some-
thing like the lacunze of cementum. Hence Professor Owen

Fig. 44. (%)
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has deseribed the tooth as comsisting of radiating plates of
dentine, between which run in equally convoluted plates
of cementum. Buf, as was pointed out by my father,

(1) The term ** dentinal system " is applied to the purtion of dentine in
which all the tubes radiate from a single section of pulp ehamber ; thus
the tooth of Labyrinthodon is made up of many dentinal systems ; the
same thing may be said of the tooth of Myliobates.

*) From tooth of Labyrinthodon, showing the nuture of the connection
begween the contiguous dentinal systems. (After a drawing of my father's.)
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(Phil. Trans, 1850), the mere presence of lacuna-like spaces
is not suflicient to prove the presence of cementum, inasmuech
as they occur on a small &cale in the granular layer of
dentine ; moreover, when cementum and enamel are both
present, the cementum is always outside the enamel, whereas
at the upper part of the tooth of the Labyrinthodon the cha-
racteristic inflection takes place within a common nvestment
of enamel, which does not dip in. Thus the whole of the
tissue constituting the very complex pattern of the Labyrin-
thodon tooth is dentine, and the cementum does not, as was
usually supposed, enter into its composition at all.

CEMENTUM,

The cement forms a coating of variable thickness over
the roots of the teeth, sometimes, when the several roots
are very close together, or the cement is thickened Dby
disease, uniting the several roots into one.

The cement is ordinarily said to be absent from the
crownmof the teeth of man, the carnivora, &c., and to com-
mence by a thin edge just at the neck of the tooth, over-
lapping the enamel to a slight extent ; it is, in the healthy
state, thickest in the interspaces between the roots of molar
or bicuspid teeth : it is, however, often thickened at the
end of a oot by a dental exostosis, In compound teeth,
the cementum forms the connecting substance between the
denticles (see the figure of the tooth of the Capybara,
the Elephant, &c.), and, before the tooth has been
subject to wear, forms a complete investment over the
top of the crown. The cementum also covers the
crowns of the complex-patterned crowns of the teeth of
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ruminants ; and, in my opinion, is presentin a rudimentary
condition upon the teeth of man, &c., as Nasmyth’s mem-
brane. The cementum is the most external of the dental
tissues : a fact which necessarily follows from its being
derived more or less directly from the tooth follicle.

Both physically and chemically, and also in respect of
the manner of its development, the cementum is elosely allied

Fig. 45. {9
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to bone. It consists of a calcified matriz or basal substance,
to a sight extent laminated, and lecune. Vascular canals
corresponding to the Haversian canals of bone, are met with,
but it is only in thick cementum that they exist; and,
in man, perhaps in exostosis more often than in the thick
healthy tissue, ;

The matrix is a caleified substance, which, when boiled,
yields gelatine, and if decalcified retains its form and strue-

(') Thick laminated cementum from the root of a human tooth.
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ture : it is, in fact, practically identical with the matrix of
hone. It is sometimes apparently structureless, at others
finely granular, or interspersed with small globules,

The lacune of cementum share with those of bone the
following characters: in dried sections they are irregular
cavities, elongated in the direction of the lamelle of the
matrix, and furnished with a large number of processes.
The processes of the lacuna (known as canaliculi) are most
abundantly given off at right angles to the lamellae (see
Fig. 45), and, again, in cementuni, are more abundantly
directed towards the exterior of the root than towards the

dentine. The lacun of cementum differ from those of
bone indeing far more variable in size, in form, and in the
excessive number and length of their canaliculi ; in this
latter respect the lacune of the cement of Cetacean teeth are
very remarkable,

Many of the lacune in cementum are connected, by
means of their canaliculi, with the terminations in the
dentinal tubes (Fig. 46); they, by the same means, freely
intercommunicate with one another, while others of their
processes are directed towards the surface, which, however,
in most instances, they do not appear to actually reach.

(") Lacuna of eementum which communicates with the terminations of
the dentinal tubes.
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The lacunse assume all sorts of peculiar forms, especially
in the thicker portion of the cement,

Here and there lacune are to be found which are fur-
nished with comparatively short processes, and are con-
tained within well-defined contours. Sometimes such a
line is to be seen smrrounding a single lacuna, sometimes
several lacunwe are enclosed within it ; lacune so circum-
scribed are called “encapsuled lacunw,” and were first
observed by Geerber in the cement of the teeth of the horse
(they are specially abundant in the teeth of the solidungu-
lata). By cautious disintegration of the cementum in acids
these encapsuled lacung may be isolated ; the immediate
walls of the lacun and canaliculi, just as in bone, being
composed of a material which has more power of resisting
chemical re-agents than the rest of the matrix.

The encapsuled lacuna are to be regarded as individual
osteoblasts, or nests of osteoblasts, with a common connec-
tive tissue investment, which have to some extent preserved
their individuality during ealcification.,

In the fresh condition it appears probable that the lacuna
are filled up by soft matrix, which shrinks up, and so leaves
them as cavities in dried sections. It can hardly as yet be
said that the question of the contents of lacunze has been
finally settled. k :

Like bone, cementum is also sometimes found to contain
Sharpey’s fibres ; that is to say, rods running through it at
richt angles to its own lamination, and, as it were, per-
forating it. These are probably calcified bundles of con-
nective tissue.

Where the cementum is very thin, as, for instance, where
it commences at the neck of a human tooth, it is toall ap-
pearance structureless, and does not contain any lacunee ;
nevertheless lacunze may be sometimes found in thin
cementum, as, for example, in that thin layer which invests

the front of the enamel of the rodent-like tooth of a
wombat.
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The outermost layer of thick cementum is a glassy film,
denser apparently than the subjacent porticns, and quite
devoid of lacunz ; on the surface it is slightly nodular, and
might be described as built up of an infinite number of
very minute and perfectly fused globules ; this is, in fact,
the youngest layer of cement, and is closely similar to that
globular formation which characterizes dentine at an early
stage of its development.

The cementum is very closely, indeed inseparably, con-
neeted with the dentine, through the ‘medium of the
“granular” layer of the latter; the fusion of the two
tissues being so intimate, that it is often difficult to say
precisely at what point the one may be said to have merged
into the other. :

Nasmytl’s membrane.—Under the names of Nasmyth’s
membrane, enamel cuticle, or persistent dental capsule, a
structure is deseribed about which much difference of
opinion has been, and indeed still is, expressed. Over the
enamel of the erown of a human or other mammalian
tooth, the crown of which is not coated by a thick layer of
cementum, there is an exceedingly thin membrane, the
existence of which can only be demonstrated by the use of
acids, which cause it to become detached from the surface
«of the enamel, When thus isolated it is found to form a
continuous transparent sheet, upon which, by staining with
nitrate of silver, a reticulated pattern may be brought out,
as though it were made up of epithelial cells. The inner
surface of Nasmyth’s membrane is, however, pitted for the
reception of the ends of the enamel prismns, which may
have something to do with its reticulate appearance, It is
exceedingly thin, Kélliker attributing to it a thickness
of only one twenty-thousandth of an inch, but, never-
theless, it is very indestructible, resisting the action of
strong nitric or hyydrochloric acid, and only swelling slightly
when boiled in caustic potash. Notwithstanding, howeyer,
that it resists the action of chemicals, it is not so hard as

—
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the enamel. and becomes worn off tolerably speedily, so
that to see it well a young and unworn tooth should be
selected.

Observations upon the presence or absence of Nasmyth's
membrane in fish and reptiles are very much needed ; my
own recent investigations upon the development of ‘.Lhef
teeth in these classes make me doubt whether the @ priore
conclusion of Waldeyer, who believes that the cuticle will
be found on all teeth, is not based upon an interpretation of
its nature which 1s incorrect.

Fig. 47. ()

The observation of Professor Huxley, who believed that
he found it upon the teeth of the frog, &e., may be suscep-
tible of another explanation, to which I shall have to recur,
merely premising here’ that its presence is only certain in
Primates, Carnivora, and Insectivora.

The singular power of resistance to re-agents which

(*) From a scetion of a bicuspid tooth in which the cementum, ¢, is con-

tinued over the outside of the enamel, a; the dentine is indicated by the
letter b.
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characterises it proves nothing more than that it is a tissue,
imperfectly calcified, on the border-land of calcification,
so to speak, since similarly resistant structures are to be
found lining the Haversian canals, the dentinal tubes, the
surface of developing enamel, the lacunze, &e.

In my father’s opinion (Dental Surgery, 1859) it is to be
regarded as a thin covering of cementum, and I have given
additional evidence in support of the view in a paper
referred to already in the list of works which heads this
chapter. :

It now and then happens that the cementum upon amore

Fig. 48. (1)

or less abnormal tooth, instead of ceasing at the neck,is
continued up over the exterior of the enamel. This has
oceurred less uncommonly than is generally imagined, and
the accompanying figure represents a portion of the crown
of such a tooth.

If the section be made of the grinding surfaces of such
teeth as present rather deep fissures in these situations,
well marked and unmistakable lacunal cells, or encap-
galed lacune, will be met with with considerable frequency.

(1) Encapsuled lacuna oceupying a pit in the enamel.

Bt e o s o i
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Now and then an encapsuled lacuna may be found occupy-
ing a shallow depression in the enamel which it just fits,
but more commonly a dozen or more are crowded together
in a pit in the enamel, where they are usually stained of a
brownish colour. The occurrence of lacuna in these situa-
tions is far from rare : my father’s collection contains more
than a dozen good examples of them in these positions.
Nasmyth’s membrane, thin though it is over the exterior

of the enamel, is thickened wlten it covers over a pit or

fissure, and when isolated by an acid is seen to have entirely
filled up such spots. (Fig. 49.) :

(';: Nasmyth's membrane, set free by the partial solution of the enamel.
a. Nasmyth’s membrane, b Dentine, & Mass cccupying a pit in the
enamel. e Enamel o, Torn end of Nasmyth's membrane,
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In these places, then, where the encapsuled lacunze are to
be found, Nasmyth’s membrane also exists, a fact which
alone would lend some probability to the view that it is
cementuin,

The general absence of lacnunz in Nasmyth’s membrane
is due to the fact that it is not thick enough to contain
them ; just as the thinnest layers of unquestionable ce-
mentum also are without lacunge.

In sections of an unworn bicuspid which was treated with
acid subsequently to its having been ground thin and
placed upon the slide, I have several times been fortunate
enough to get a view of the membrane in sitw; it then
appears to be continuous with an exterior layer of cemen-
tum, which becomes a little discoloured by the acid em-
ployed to detach Nasmyth’s membrane from the enamel,
T am therefore inclined to regard it as young and incom-
plete cementum, and to consider it as representing (upon
the human tooth) the thick cementum which covers the
crowns of the teeth of Herbivora; and I am very glad to
learn from my friend Dr. Magitot, who has made many as
yet unpublished researches upon this subject, that he
entirely concurs in this view, which has also the support of
Professor Wedl

The evidence offered that Nasmyth's membrane is cementum,
although strong, does not amount to absolute proof ; it is therefore
desirable to briefly recapitulate the other explanations of its nature
which have been offered.

Nasmyth, who first called attention to its existence, regarded it
as ¢¢ persistent dental capsule " g view of its nature not very ma-
terially differing from that advocated in these pages.

Professor Huxley described it as being identical with the mem-
brana preformativa; that is to say, with a membrane which covered
the dentine papilla prior to the occurrence of calcification, and which
afterwards came to intervene between the formed enamel and the
enamel organ. The objections to the acceptance of this view of its
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nature are so inextricably wrapped up with other objections to
Professor Huxley's theory of the development of the teeth, that they
cannot profitably be detailed in this place : it will suffice to say,
that evidence and the weight of authority alike point to there being
no such true membrane as this membrana preformativa in the
place in question.

Waldeyer holds that it (7.¢., Nasmyth's membrane) is a product of
a part of the enamel organ. After the completion of the formation
of the enamel he believes that the cells of the external epithelium
of the enamel organ become applied to the surface of the enamel
and there cornified ; in this way he accounts for its resistance to
reagents, and for its peculiar smell when it is burnt.

Its extreme thinness, so far as it goes, is an objection to this
supposition : a more weighty argument against it is the absence of
analogy for such a peculiar change, by which one portion of the
same organ is galcified, and the rest cornified ; and again, what be-
comes of these cells in those teeth in which cementum is deposited
in bulk over the surface of the enamel? According to the state-
ment of Dr. Magitot, the layer of cells in question (external epithe-
lium of the enamel organ) is atrophied before the time of the com-
pletion of the enamel ; a fact which, if confirmed, is fatal to Wal-
deyer's explanation.

Killiker, who dissents strongly from the views of Waldeyer, and
admits some uncertainty as to its nature, provisionally regards it as
a continuous and structureless layer furnished by the enamel cells
after their work of forming the fibrous enamel was complete ; & sort
of varnish over the surface, as it were.

This would not account for the oceurrence of lacuns in it

Trae Toora PuLp.

The 'I:uoth Pulp, oceupying the central chamber, or pulp
cavity, is the formative organ of the tooth, and conse-
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quently varies to some extent in its anatomical character
according to its age. As well as being what remains of a
formative organ, it is the vascular and nervous source of
supply whence the dentine derives its vitality,

The pulp may be described as being made up of a mu-
coid, gelatinous matrix, containing cells in abundance,
which are especially numerous near to its periphery. In it
some fibrous connective tissue 1s discoverable, though this
s not abundant until the period of degeneration has set in.
Nerves and vessels also ramify abundantly in it.

The cellular elements of the pulp are arranged, as seen in
transverse sections, in a direction radiating outwards from
the centre ; this is most marked in the highly specialised
layer of cells which form the surface of the pulp, and are
termed odontoblasts.

The odontoblast layer, sometimes called the membrand
choris, because it usually adheres more strongly to the den-
tine than to the rest of the pulp, and is therefore often left
behind upon the dentine when the pulp is torn away, con-
sists of a single row of large elongated cells, of darkish
granular appearance, with a large and conspicuous nucleus
near to the end farthest from the dentine.

The sharp contour which the odontoblasts possess In
pulps which have been acted on by chromic acid, alcohol,
or even water, are absent in the perfectly fresh and unal-
tered. condition, and it is believed that they have no special
investing membrane. - They are furnished with three sets
of processes. The dentinal process (which is equivalent to
the dentinal fibre) enters the canal in the dentine, and the
individual odontoblast may be turnished with several den-
tinal processes. By means of lateral processes the cells
communicate with those on either side of them, and by
means of their pulp processes with cells lying more deeply ;
these deeper cells again are to some extent intermediate In
size between the odontoblasts and the internal cells of the
pulp: The membrana eboris covers the surface of the pulp
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like an epithelinm. The odontoblasts vary much in form
at different periods; in the youngest pulps, piior to the
formation of dentine, they are roundish, or rather pym-
form ; during the period of their greatest functional activity
the end directed towards the dentine is squarish, though
tapering to a slight extent into the dentinal process ; while
in old age they become comparatively inconspicuous, and
assume a rounded or ovoid shape. The general matrix of
the pulp, as has been before noted, is of firm, gelatinous
consistency : it is a little more dense upon the surface,
whence has perhaps arisen the erroneous idea that the pulp
is bounded by a definite membrane,

The wvessels of the pulp are very numerous ; three or
more arteries enter at the apical foramen, and breaking up
into branches which are at first parallel with the long axis
of the pulp, finally form a capillary plexus immediately
beneath the cells of the membrana eboris.

No lymphatics are known to oceur in the tooth pulp.

The nerves enter usually by one largish frunk and three
or four minute ones ; after pursuing a parallel course, and
giving off some branches which anastomose but little, in
‘the expanded portion of the pulp they form a rich plexus
beneath the membrana eboriz, The exact nature of the
terminations of the nerve fibres in the pulp is not with
certainty known : the primitive fibrils, which are extraor-
dinarily abundant near to the surface of the pulp, often
torm meshes, but this does not appear to be their real
termination. _ :

Boll, as has been mentioned at a previous page, has in-
vestigated this point with more success than any other writer,
and has found that if a pulp be treated for an hour with
very dilute chromic acid solution, an immense number o
fine non-medullated nerve fibres (which he succeeded in
tracing into confinuity with the larger medullated fibres)
may be discerned near to the surface of the pulp. The ulti-
mate destination of these nerve fibres is uncertain ; but

H
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Boll has seen them passing through the membrana eboris,
and taking a direction parallel to that of the dentinal fibrils
in such numbers that he infers that they have been pulled
~out from the canals of the dentine, Still, whatever may be
the probabilities of the case, he has not seen a nerve fibre
definitely to pass into a dentinal canal, nor has any other
observer been more fortunate.

It has already been mentioned that the pulp undergoes
alterations in advanced age, its diminution in size by its
progressive calcification and the addition thus made to the
walls of the pulp cavity being the most conspicuous change
whicli occurs. In pulps which have undergone a little
further degeneration, the odontoblast layer becomes atro-
phied ; fibrillar connective tissue becomes more abundant,
coincidently with the diminution in the quantity of the cel-
lular elements. Finally, the capillary system becomes ob-
literated by the oceurrence of thrombosis in the larger
vessels, the nerves undergo fatty degeneration, and the
pulp becomes reduced to a shrivelled, unvascular, insensi-
tive mass. These changes may go on without leading to
actual putrefactive decomposition of the pulp, and are
hence not attended by alveolar abscess ; buta tooth in which
the pulp has undergone senile atrophy is seldom fast in its
socket.

Tee GUM.

The gum is continuous with the mueous membrane of
the inside of the lips, of the floor of the mouth, and of the
palate, and differs from it principally by its greater density.
Tts hardness is in part due to the abundant tendinous
fasciculi which it itself contains, in part to its being
closely bound down to the bone by the blending of the
dense fibrous fasciculi of the periosteum with its own.
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The fascieuli springing from the periosteum spread out in
fan-like shape as they approach the epithelial surface,
There is thus no very sharp line of demarcation between
the gum and the periosteum when these are seen in section

AT
The gum is beset with rather large, broad-based papillze,

which are sometimes single, sometimes compound; the
epithelium is composed of laminw of tesselated cells, much
flattened near to the surface ; but eylindrical cells form the
deepest layer of the epithelium, the stratum malpighi.
~"Small round aggregations of pavement epithelinm are
_met with at a little depth, or even bedded in the surface ;
these, the “glands” of Serres, have no known significance.
In the neighbourhood of developing tooth-sacs epithelial
aggregations of similar appearance are to be met with, and
in such spots are remains of the neck of the enamel organ
(cf. page 126), which has undergone this curious change sub-
sequently to the completion of its original function. The
gums are rich in vessels, but remarkably scantily supplied
with nerves.
At the necks of the teeth the gum becomes eontinuous
with the periosteum of the internal smiface of the alveoli,
into which it passes without any line of demarcation.

TeE ALVEOLO-DENTAL MEMBRANE.

The Alveolo-dental Periosteum, or Root membrane, is a
connective tissue of moderate density, devoid of elastic
fibres, and richly supplied with nerves and vessels,

It is thicker near to the meck of the tooth, where it
passes by imperceptible gradations into the gum and peri-
osteum of the alveolar process, and near to the apex of the

H 2
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root. The general direction of the fibres is transverse ; that
is to say, they run across from the alveolus to the cemen-
tum, without break of continuity, as do allm many capillary
vessels ; a mere inspection of the connective tissue bundles.

Fig. 50. (1)

(1) Portion of the side of the root of a tooth, the gum and alveolar dental

membrane, and the edge of the bone of the alveolus,

A band of fibres, is seen passing over the surface of the .q]wu‘iu_s a'ml.
dividing, some to pass upwards into the _p;um, others to pass more -f?ll‘il'.‘:f'ﬂ}
ACT08S to the eementum. Numerous orifices of wessels ent across trans-

versely are seen between the tooth and the bone,
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as seen in a transverse section of a decalcified tooth in its
socket, will suffice to demonstrate that there is but a single
“ membrane,” and that no such thing as a membrane pro-
per to the root and another proper to the alveolus can be
distinguished ; and the study of its development alike proves
that the soft tissue investing the root, and that lining
the socket, are one and the same thing: that there 1s
but one “membrane,” namely, the alveolo-dental perio-
steum.

At that part which is nearest to the bone the fibres are
arouped together into conspicuous bundles ; it is, in fact,
much like any ordinary fibrous membrane, On its inner
aspect, where it becomes continuous with the cementum,
it consists of a fine network of interlacing bands,
many of which lose themselves in the surface of the ce-
mentun.

But although there is a marked difference in histological
character between the extreme parts of the membrane, yet
the markedly fibrous elements of the outer blend and pass
insensibly into the bands of the fine network of the inner
part, and there is no break of continuity whatever.

T have never seen the fibres, whether in longitudinal or
in transverse sections, pass straight in the shortest pos-
sible line from the bone to the cementum, but they inva-
riably pursue an oblique course, which probably serves to
allow for slicht mobility of the tooth withcut the fibres
being stretched or torn.

The vascular supply of the root membrane is, according
to Wedl, derived from three sources ; the gums, the vessels
of the bone, and the vessels destined for the pulp of the
tooth, the last being the most important.

The nerve supply also is largely derived from the dental
nerves running to the dental pulps ; other filaments come
from the inter-alveolar canals (canals in the bone, contain-

ing nerves and vessels, which are situated in the septa
separating the alveoli of contiguous teeth).
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Tae development of the teeth is a process which, while
subject to modifications in the different groups of verte-
brates, retains nevertheless in all certain essential charac-
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ters, so that it becomes possible to embody its main features
in a general account.

Prior to the commencement of any calcification there is
always a special disposition of the soft tissues at the-spot
where a tooth is destined to be formed ; and the name of
““tooth germ ” is given to those portions of the soft tissue
which are thus specially arranged. All, or a part only, of
the soft structures making up a tooth germ, become con-
verted into the dental tissues by a deposition of salts of lime
within their own substance, so that an actual conversion of
at least some portions of the tooth germ into tooth takes
place. The tooth is not secreted or excreted by the tooth
germ, but an actual metamorphosis of the latter takes
place. The details of this conversion can be better dis-
cussed at a later page ; for the present it will suffice to say
that the three principal tissues, namely, dentine, enamel,
and cementuin are formed from distinet parts of the tooth
germ, and that we are hence accustomed to speak of the
enamel germ and the dentine germ ; the existence of a
special cement gerni is very doubtful, some writers assert-
ing, others denying, its existence.

In many anatomical works which the student may have
oceasion to consult, the process of tooth development will
still be found to be divided into periods, under the names
of ¢ papillary,” ¢ follicular,” and © eruptive ” stages,

These stages are based upon a false conception, upon
theories now known to be incorrect, and may advantageously
be absolutely abandoned. The account of the develop-
ment of the teeth given in the following pages, based in the
case of man and mammals upon the researches of Kolliker,
Thiersch, and Waldeyer ; in the case of repfiles and
fishes, to some extent upon those of Huxley and Santi
Sirena, Dbut principally upon Hertwig’s and my own,
will be found to conflict with the accounts published
by a deservedly great authority, Professor Owen. I
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cannot reconcile these discrepancies, except upon the as-
swmption that modern methods of research have disclosed
facts heretofore not demonstrable; yet twenty years ago
Professor Huxley demonstrated in a remarkable paper the
incorrectness of certain of the theories then promulgated.
Of the general accuracy of the following description I am
however fully satisfied, and most of the facts may be easily
verified by any one desirous of so doing.

Tooth germs are never formed upon the surface, but are
always situated at a little distance beneath it, lying in some
creatures at a considerable depth. Every known tooth
germ consists in the first instance of two portions, and two
only, the enamel germ and the dentine germ ; and these are
derived from distinet sources, the former being a special
development from the epithelium of the mouth, the latter
from the more deeply lying parts of the mucous membrane,
Other things, such as a tooth capsule, may be subsequently
and secondarily formed, but in the first instance every
booth germ consists of an enamel germ and a dentine germ
only, and the simplest tooth germs never develop any addi-
tional parts. The existence of an enamel organ in an early
stage is therefore perfectly independent of any subsequent
formation of enamel by its own conversion into a calcified
tissue, for I have shown it is to be found in the germs of
teeth which have no enamel ; in fact, in all tooth germs
whatever. ' :

That part of the tooth germ destined to become dentine
is often called the dentine papilla, having acquired this
name from its papilliform shape, and in a certain sense it
18 true that the enamel organ is the epithelium of the den-
tine papilla. Yet, although not absolutely untrue, such an
expression might mislead by implying that the enamel
organ is a secondary devel opment, whereas its appearance
15 contemporaneous with, if not antecedent to, that of the
dentine germ, The most general account that I am able
to give of the process is, that the deeper layer of the oral
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epithelium sends down into the subjacent tissue a process,

the shape and structure of which is, in most animals, dis-

tinguishable and characteristic before the dentine germ has
taken any definite form. This process enlarges at its end,
and, as seen in section, becomes divaricated, so that it bears
some resemblance to an inverted Jetter Y; or it might more
truthfully be compared to a bell jar with a handle ; this
constitutes the early stage of an enamel germ (see Fig: 58),
while beneath it in the mucous tissue, the dentine germ
assumes its papilliform shape. The details of the process
varying in different ereatures, 1 will at onee proceed to the
description of the development of teeth in the various
groups.

In Elasmobranch Fishes—If a transverse section through
the jaw of a dog-fish (Seyllium canicula) be examined, we
<hall find that the forming teeth lie upon the inside of the
semi-ossified jaw-bones, the youngest being at the bottom
(Fig. 51) ; progressing upwards, each tooth is more fully
ealcified till, on passing over the border of the jaw, we come
to those teeth whose period of greatest usefulness is passed
and which are about to be cast off in the course of that slow
rotation of the whole tooth-bearing mucous membrane,
over the border of the jaw, which is constantly going on.

In the section figured there are four teeth advanced in
calcification, while beneath them are four tooth germs in
earlier stages ; of the former two only are fully protruded
through the epithelium, the third being in part covered
in ; the remaining teeth are altogether beneath the surface
of the epithelium, and therefore shut off from the cavity of
the mouth, if the soft parts be all in st

All the teeth not fully calcified are covered in and pro-
teeted by a reflexion upwards of the mucous membrane (¢ in
the figure), which serves to protect them during their calei-
fication.

But although this may be termed a fold reflected upwards, it is
not, as was supposed by Professor Owen, a free flap, detached from
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the opposite surface on which the teeth are developing ; there is
no deep open fissure or pouch running round inside the jaw, as
would in that case exist, and the epithelium does not pass down
on the one side to the boitom of such fissure, and then ascend npon
the other as a distinct layer. Although the fold is very easily
torn away from the tooth germs which it covers in, yet in the
natural condition it is attached, and therc is no breach of surface ;
the epithelium passing across from the jaw to cover it is well seen
_ in the figure, in which the epithelial layer is represented as broken
just at the point (between the third and fourth teeth) where it
leaves the jaw to cross over on to the surface of the flap.

The conditions met with in the Elasmobranch fishes are
peculiarly favourable for the determination of the homolo-
gies of the several parts of the tooth germ and of the formed
tooth. At the base of the jaw, where the youngest tooth
germs are to be found, the tissue whence the dentine pa-
pillze arise blends insensibly with that making up the sub-
stance of the thecal fold on the one hand, and on the other,
with that clothing the convexity of the jaw and giving at-
tachment to the teeth.

No sharp line of demarcation at any time marks off the
base of the dentine papilla from the tissue which surrounds
it, and from which it springs up, as would be the case in
mammalian or reptilian tooth germs ; all that ean be said
15, that the dentine germs are cellular, the cells being large
and rounded, while in the rest of the mucous membrane
the fibrillar elements preponderate, so that it passes hy
imperceptible gradations into the densely fibrous gum,
found on the exposed border of the jaw.

The dentine germs, and consequently the dentine, are
indisputably derived from the connective tissue of the
mucous membrane immediately subjacent to the epithe-
lium, nor can it be doubted that the enamel organs are
simply the modified epithelium of that same mucous
membrane.

Of course there is nothing new in this conclusion, which
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had been already arrived at by the study of other creatures,
but the sharks happen to demonstrate it with more clear-
ness than those other animals in whom the original nature
of the process is more or less marked by the introduction
of further complexities.

_ Hence it is worth while to study caref ully the relations
of the epithelium constituting the enamel organs with that
of the surface of the mouth. As has been already nen-
tioned, in the normal condition of the part there is no deep
fissure on the inner side of the jaw, but the epithelinm

(1) Transverse section of lower jaw of a Dog-fish. a. Oral epithelinm.
5. Oral epithelium passing on to flap. ¢ Protecting flap of mueous men-
prane (theeal fold). . Youngest dentine pulp. e Youngest enamel organ.
7. Tooth about to be shed. g. Calcified erust of jaw.
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Passes across (from the interspace between the third and
fourth teeth in the figure) on to the protecting fold of
mucous membrane (¢ in fig.) But although the epithe-
lium is reflected across on to the thecal fold, it is also con-
tinued downwards along the inner side of the developing
teeth and tooth germs, giving to each a complete invest-
ment, and filling up the whole interval between the tooth
germ and the thecal fold. The epithelium in this situa-
tion does not, then, consist simply of one layer going down
on the one side and covering the tooth germs, and then re-
flected up at the bottom to coat the inner side of the thecal
fold, but it is so arranged as to have relation only to the
tooth Zerms ; it is termed “ enamel organs” because over
the tooth germs these epithelial cells assume g marked
columnar character, and are very different in appearance
from the epithelium elsewhere,

The terminal portion of this epithelium, or, in other
words, the youngest enamel germ, forms a bell-like cap over
the eminence of mucous membrane connective tissue which
constitutes the earliest dentine germ, and in section is of
the form shown in the fignve. The surface next to the
dentine papilla consists of elongated columnar cells, with
nuclei near to their attached extremities, while the rest of
its substance is made up of much smaller cells, some of
which have nosculating processes, so that they constitute
a sort of finely cellular connective tissue, very different in
appearance from anything met with in mammalian enamel
organs, It is sufficiently consistent to keep up the conti-
nuity of all the enamel organs, even when displaced in cug.-
ting sections, so that the whole might be dese
ing one composite enamel organ,
already alluded to invest the whole surface which is
directed towards the formin g teeth, but they atrophy some-
what in the interspaces of the tooth germs.

Before proceeding further in the
lopment of the tooth germs,

11bed as form-
The colummnar cells

description of the deve-
it will be well to refer to a
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somewhat earlier stage in the growth of the Dog-fish, in
which the relation subsisting between the teeth and the
dermal spines is still well seen.

On the lower jaw of the young dog-fish there is no lip ;
hence, as is seen 1n the figure, the spines which elothe the
<kin come close to the dentigerous surface of the jaw.

Although there are differences in form and size, a glance
at the figure will demonstrate the homological identity of the
tecth and the dermal spines. As the dog-fish increases in
size, this continuity of the teeth with the dermal spines on
the outside of the head becomes interrupted Ly an exten-
sion of the skin to form a lip ; this happens earlier in the
upper jaw than in the lower, and at first the spines are con-
tinued over the edge and the inside of the newly formed
lip—from these situations, however, they soon disappear.
Tn structure, the teeth and the dermal spines are, in many
species, very closely similar ; the latter are, however, much
less often shed and reproduced, so that it is less easy to tind
them in all stages of their growth ; I believe, however,

() Seetion of lower jaw of young Dog-fish, showing the continuity of the
dermal spines of the skin under the jaw, with the teeth which lie above

qnd over 1ts end.
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that they follow a course essentially similar to that of the
teeth.

It is stated by Gegenbaur that in Selachia the mu-
cous membrane of the mouth is clothed with spines of a
structure similar to that of the teeth, and that these spines
are often limited to particular regions, extending back as
for as the pharynx—these same regions in Ganoids and
Osseous fishes being occupied by conspicuous teeth ; and
Hertwig has shown that the dermal spines are developed
In a manner precisely analogous to that described in the
teeth, save that the germs are even less specialised,

I Teleoster or Osseous Fishes.—In passing from the consi-
deration of the development of the tooth germs of Elasmo-
branch to those of Osseous fishes, the first difference to be
noted is this: whereas in the former each tooth germ was,
s0 far as the enawmel germ is concerned, derived from that
of the next older tooth, in the latter each enamel germ
arises independently and, as it were, de novo. At all events,
80 far as my own investigations go (and I am not aware of
any others having been published for Very many years),
no connection whatever has been traced between the germs
of teeth of different ages.

This independent origin of an indefinite number of teeth,
having no relation to their predecessors, is only certainly
Known to occur in the osseous fish : of the development of
the teeth of Ganoid fish nothing is known,

The oral epithelium, which varies much in its thickness
and in other characters in different fishes, sends down a
process which goes to form an enamel organ, whilst a den-
tine papilla in rising up to meet it, comes to he invested by
it as with a cap. The uftmuhistﬂry of the process depends
1uch on the character of tooth which s to be formed. Ifno
enamel, or but a rudimentary coat of enamel, is to be formed,
the cells of the enamel Organ remain small and insigniﬁ:;ant,
as 1n the mackerel, If, on the other hand, a partial

invest-
ment of enamel is found upon the perfected tooth

, such,
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for instance, as the little enamel tips upon the teeth
of the eel (see fig. 81), then the after-development of the
enamel organ is very instructive.

Opposite to the apex of the dentine papilla, where the
enamel cap is to be, the cells of the enamel organ attain to
a very considerable size, measuring about ;5 of an inch in
length ; below this the investing cap of enamel organ does
ot cease, but it is continued in a sort of rudimentary con-
dition. Thus, although the enamel organ invests the whole

Fig. 53 (M

length of the dentine papilla, its cells only attain to any
considerable size opposite to the point where the enamel is
to be formed. The knowledge of this fact often enables an
observer to say, from an ingpection of the tooth germ,
whether it is probable that the perfected tooth will be coated
with enamel or not. In any case an enamel organ will be
there, but if no enamel is 1o be formed, the individual cells
do not attain to any considerable degree of differentiation
from the epithelinm elsewhere ; in other words, the whole
enamel organ will partake of the character of the lower
portion of that represented in the figure of the tooth germ
of the eel.

(1) Tooth-germ of an eel. d. Neck of enamel organ. e Enamel cells

a. Cap of enamel. b. Cap of dentine. c. Rudimentary enamel cells opposite
to that part of the dentine germ where no enamel will be formed.
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Although of conrse there are many differences of detail
avising from the very various situations in which teeth are
developed in fish, so great uniformity pervades those which
I have examined, that we may at once pass on to the con-
sideration of the development of the teeth of reptiles,
merely adding that it is not altogether true to say that the
teeth of fish in their development exemplify transitory
stages In the development of mammalian teeth,

In Reptiles—So far as the appearances presented by the
individual germs go, there are few differences worthy of
note to be found in the present class by which they are
distinguishable from those of either fish or mammals. The
enamel organ is derived from the oral epithelinm, the den-
tine organ from the submucous tissue in a manner very
similar ; nevertheless, there are points in the relation
which the successional tooth germs bear to one another, and
to the teeth already in situ, which are of some liitle interest,
The constant succession of new teeth met with amongst
almost all reptiles renders it easy to obtain sections show-
ing the teeth in all stages of growth : upon the inner side
of the jaw there will be found a region oceupied by these
forming teeth and by nothing else, for which T have pro-
posed the name “area of tooth development ;” this is
bounded on the one side by the hone and teeth which it
carries, and on the other by a sharply defined wall of
fibrous connective tissue, In the newt, for example
(Fig. 54), to the left of the tooth in use are seen four tooth
sacs, in serial order, the youngest being mearest to the
median line of the mouth. As the sacs increase in size they
appear to undergo a sort of migration towards the edge of
the jaw, while simultaneously new ones are const;ﬁ]tlv
being developed beyond them. In the newt, the illgl'{ﬂ'r'til
of the epithelium is obviously the first step apparent ; this
ingrowth of a process of epithelium takes place in close
relation with the “neck” of an older enamel organ (1.e., the

contracted band of epithelium which remains for some time

L
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connecting the mnew enamel organ with the epithelium
whence it was derived). New enamel organs are therefore
‘not derived directly from the epithelinm of the surface, but
from the necks of the enamel organs of their predecessors,

Fig. 54. (1)

In the newt, the developing teeth spread out for a con-
siderable distance towards the palate, and thus, being free
from crowding, the relations of the enamel organs of three
or four successional teeth of serial ages may be studied in a
single section ; and the arrangement so disclosed may be

advantageously compared with that seen in the dog-fish
(see Fig. 51).

The tooth sac of the newt is a good example of the sim-
plest form of tooth saec, consisting solely of an enamel

(1) Section of npper juw of Triton cristalus (newt). To the inner side of
the tooth attached to the bone are three younger tooth germs.
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organ and a dentine germ, without any especial invest-
ment. The “sac” is wholly cellular, and on pressure breaks
up, leaving nothing but cells behind it. The cells of the
enamel organ are large, and resemble those of the eel ; the
teeth of newts have a partial enamel tip, like those of
the fish referred to, but differing from them in heing
bifurcated, as is very early indicated by the configuration
of the enamel organ.

In the frog there is a peculiarity in the manner in which
the two jaws meet, the edentulous lower jaw, which has no
lip, passing altogether inside the upper jaw and its sup-
ported teeth, which confines the area of tooth development
within very narrow limits. Consequently I have been un-
able to satisfy myself whether the new tooth germs, or
rather their enamel organs, are delivered from those of their
predecessors, or spring up de novo—analogy would indi-
cate the former, but appearances tend towards the latter
supposition.

In the lizards the new tooth germs are formed a very
long way beneath the surface, so that the neck of the
enamel organ hecomes enormously elongated, for the den-
tine papilla is, just as in the newt, sitnated at first quite at
the level of the floor of the area of tooth development, The
teeth of the lizards have a more complete investment of
enamel, hence the enamel cells are developed upon the side
of the dentine germ to a much lower point than in the newt,
The germs also acquire an adventitious capsule, mainly
derived from the condensation of the connective tissue
around them, which is pushed out of the way as they grow
larger. The further progress of the tooth germ 1ﬁeing
identical with that of mammalia, its description may be for
the present deferred.

In ophidian reptiles (snakes) several peculiarities are
met with which are very characteristic of the order, A
snake’s method of swallowing its food would seem to render
the renewal of its teeth frequently necessary ; although

T
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I do not know of any data by which the probable dura-
Dility of an individual tooth could be estimated, the large
number of teeth which are developing in reserve, all des-
tined to succeed to the same spot Upolw the jaws, would in-
dicate that it is short.

I have seen as many as seven suecessional teeth in a
single section, and their arrangement, particularly in the
lower jaw, which undergoes great displacement while food
is being swallowed, is very peculiar, The numerous suc-
cessional tooth sacs, instead of being spread out side by
side, as in the newt, are placed almost vertically, and in a
direction parallel with the surface of the jaw-bone ; they
are, moreover, contained in a sort of general investment of

Fig. 55. (1)

(1) Transverse section of the lower jaw of common English Suake. e In-
warnd dipping process of gpithelium. J. Oral epithelium. 1, 2, 3, &c. Tooth
serms of varions ages. g Tooth in place, cut somewhat obliquely, so that
its tip apparently falls short of its surface, and does not project above the
mueous membrane.
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connective tissue ; a species of bag to keep them from dis-
placement during the expansion of the mouth.

The inward growing process of oral epithelium enters
this case of tooth sacs at its top ; and may be caught sight
of here and there as its prolongations wind their way by
the sides of the tooth sacs to the bottom of the area. Here
the familiar process of the formation of an enamel organ

and dentine papilla may be observed, in no essential point
differing from that which is to be seen in other ammals.

(') Developing teeth of a snake. 1. Oral epithelium. e Neck of the
enamel organs, b. Dentine pulp. e Enamel cells. d. Dentine, 1, 2. Very
young germs. 3, 4. Older gers. L
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That the derivation of each enamel organ is from a part o
that of its predecessor is very obvious ; the dentine organs
are formed in relation with the enamel germs, but apparently
independently of one another.

As the tooth sacs attain considerable dimensions, a
curious alteration in position takes place; instead of pre-
serving a vertical position, they become recumbent, so that
the forming tooth lies more or less parallel with the long
axis of the jaw. The utility of such an arrangement is
obvious: were the tooth to:remain erect after it has
attained to some little length, when the mouth was put
upon the streteh its point would probably be forced through
the mucous membrane ; but while it lies nearly parallel
with the jaw no such accident can oceur.

The tooth does not resume the upright position until it
finally moves into its place upon the summit of the
bone,

As has already been mentioned, there is a well-developed
enamel organ with large enamel cells : from these a thin
layer of enamel is formed and thus the thin exterior layer
upon the teeth of snakes is true enamel, and not, as has
been asserted by Professor Owen and others, cementum.

Many points in the development of the teeth of reptiles
[ have passed over very briefly for the want of space; a
more full account of my observations will be found in the
Philosophical Transactions for 1875.

In Mammalin the earliest changes which will ultimately
vesult in the formation of a tooth are traceable at a very early
period ; before the commencement of ossification, the lower
jaw consisting solely of Meckel’s cartilage imbedded n
embryonic tissue, and the lateral processes which become
the upper maxillary bones having but just reached as far
as the median process which constitutes the intermaxillary
bone. That is to say, about the fortieth or forty-tifth day
(in the hmman subject), in the situation corresponding to
the future alveolar border, there appears a slight rounded
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depression, extending the whole length of the jaw, it and
its elevated borders being formed by an increase in the
thickness of the layer of epithelial cells ; while on trans-
verse section the proliferation of epithelial cells is found to

have been even more energetic in a direction downwards
into the substance of the jaw than it is upwards, so that a
cul-de-sue of epithelinm dips into the embryonic sub-
mucous tissue. (%)

In a certain sense, then, there is a dental groove, but it
is not the same thing as that described as such in the text-
books, and it is therefore better to abstain from applying that
or any other name to the shallow furrow of which we are
now speaking, which is almost filled up with spherical or

(1) Embryo at end of fifth week after Carpenter. 1, 2. First two visceral
arches. a. Superior maxillary proeess. ¢. Tongue. b. Eye. e¢. Lateral
nasofrontal process, nf. Nasofrontal process,

(*) The epithelium having been removed by maceration or keeping a
specimen im dilute spirit, a groove would result, and this is probably what
was seen and described by Goodsir as the *‘ primitive dental groove” ; but
as the student will gather from the fext, there is at no time any such thin;_::
as adeep open groove like that deseribed by him, unless it results from
maceration and consequent partial destruction of the specimen.
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Fig. 58. (V)

(1) Three stages in the development of a mammalian tooth germ (from
Frey). @. Oral epithelium heaped up over germ. b Younger epithelial
cells. ¢. Deep layer of cells, orstratum Malpighi. o Inflection of epithelium
forenamel germ. e Stellatereticulum. . Dentine germ. g. Inner portion
of future tooth sac. k. Outer portion of future tooth sac. 4. Vessels eut
across. & Bone of jaw,
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flattened cells, the deepest layer being, however, columnar
cells. From the bottom, or the side near the bottom of the
depression, an inflection of epithelial cells takes its origin,
which does not dip downwards vertically, but inclines in-
wards, This secondary narrow inflection of epithelium,
which in section closely resembles a tubular gland, consti-
tutes the rudiment of the future 'enamel organ ; a prolife-
ration of the cells at its deepest extremity speedily takes
place, so that it expands, attaining somewhat the form of a
Florence flask (Fig. 58). 1t should, however, be noted, that
while the inflection of epithelium takgs place around the
entirve circumference of the jaw, so that that which appears
in sections like a tubular gland is really a eontinuous sheet
or lamina of epithelium, the dilatations of its extremity,
which I have compared to a Florence flask, oceur only at
the several points where teeth will ultimately be developed.

The cells upon the periphery of these enlargements are
colummnar, polygonal cells occupying the central area of the
enlargement, Very soon the terminal enlargement, as it
grows more deeply into the jaw, alters in form ; its base
becomes flattened, and the borders of the base grow down
more rapidly than the centre, so that its deepest portion
presents a concavity looking downwards ; it might be com-
pared to a bell, suspended from above by the thin cord of
epithelinm which still connects it with the epithelium of
the surface, or it might in section be described as crescentic,
the horns of the crescent being long, and looking down-
wards. Coincident with the assumption of this form by
the enamel germ, is the appearance of the dentine germ,
but it will facilitate the description of the process to
pursue a little farther the development of the enamel
UT'gﬂIl. '

The cells on its periphery remain prismatic or columnar,
but those in its centre become transformed into a stellate
network, in which conspicuous nuclei oceupy the centre of
ramified cells, the processes from which anastomose f reely
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with those of neighbouring cells (see Fig. 60). This con-
version of the cells into a stellate reticulum is most marked
quite in the centre of the enamel organ ; near to its sur-
faces the processes of the cells are short and inconspicuous.

The transformation of the cells oceupying the eentre and
constituting the bulk of the enamel organ into a stellate
reticnlum goes on progressing from the centre outwards,
but it stops short of reaching the layer of columnar cells
which constitute the surface of the enamel organ, next to
the dentine papilla, the narrow layer of unaltered cells
which remain constituting the * stratum intermedium.”

Thus far the cells constituting the periphery of the
enamel organ are alike : they are columnar or prismatic,
but from the time of the appearance of the dentine papilla
those which come into relation with it become much more
elongated and greatly enlarged, while those round the
outer or convex surface of the enamel organ donot enlarge ;
indeed, according to some authors, they even commence to
atrophy - at this early period. The cells which lie like
a cap over the dentine germ or “papilla” as they elongate
and their nuclei recede to their extremity, take on the
character to be presently described as belonging to the
“ enamel cells,” (enamel epithelium, internal epithelium of
the enamel organ). _

The enamel organ, then, consists (proceeding from with-
out inwards) of an “ external epithelium,” a “ stellate reti-
culum,” a  stratum intermedium,” and an “internal epi-
thelium,” the external and internal epithelium being con-
tinuous at the edges or base of the enamel organ, while at
its summit the external epithelinm remains still, through
the medium of the “neck of the enamel organ,” in conti-
ity with the cells of the ‘¢ stratum Malpighi.”

Thus the enamel organ is entirely derived from the oral
epithelinm, with which, by means of its “neck,” it long re-
tains a connection, and if, and whatever products it may
afterwards give rise to, are obviously to be regarded as
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{1]] TRANSVERSE SECTION oF THE LowER JAw AND DEVELOPING BAck TootH oF A LaMB, copied from
Waldeyer (Henle's Zeitschrift. f. Rat. Med. 1865.) 1In its outlines the figure is faithful to nature ; it
is so far diagrammatic that more of structure than could be seen with the magnifying power employed is
introduced.

1. Dentine germ, with its border of odontoblasts. 2. Formed dentine. 3. Formed enamel. 4. Points
where the inner epithelium and the outer epitheliuin of the enamel again become continuuus.
5. Enamel cells or internal epithelium. 6. External epithelium of enamel organ. 7. Stellate
reticulum of enamel organ. 8, Papillary projections into the enamel organ, 9. Connective tissue
around the sac, becoming continuous above with that of the germ (9a); this constitutes what is
called the tooth sac, 10. Vessels and nerves of the jaw. 11. Bone of lower jaw. 12. Periosteum
of the jaw, 13. Heap of epithelium over the young tooth. 14. External skin with its epidermis,
156. Muscular bundles from floor of mouth,

[To face p. 122,
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““epithelial structures,” But it is the enamel organ alone
which is directly derived from the epithelium ; the origin
of the dentine germ is quite distinct. J

In the embryonic tissue of the jaws, some little distance
beneath the surface, and at a point corresponding to that
ingrowth of cells and subsequent enlargement of the same
which goes to form the enamel organ, appears the ﬁr_st trace
of a dentine germ.(') This first appears as a mere 1ncrease
in the opacity of the part, without at first any visible
structural change, and it occupies the concavity of the ena-
mel organ, Thus the dentine germ appears early, indeed
almost simultaneously with the formation of a definite
enamel organ, but the enamel organ is far in advance of it
in point of structural differentiation, and the earliest
changes which result in the formation of the enamel organ
are strikingly visible before a dentine germ can be disco-
vered. According to Dursy the dark halo which becomes
the dentine bulb is, like the inflection of epithelium which
forms the enamel germ, continuous all round the jaw, while
eventually it develops into prominences at the points cor-
responding to the enamel germs of future teeth, and atro-
phies in the interspaces.

From the base of the dentine bulb prolongations pass ont-
ward and slivhtly upwards, so that they in a measure em-
brace the free edge of the enamel organ, and at a somewhat
later period they grow upwards till they fairly embrace the
whole enamel organ.

These prolongations of the base of the dentine bulb are
the rudiments of the dental sac. In their origin, therefore,
the dental sac and the dentine organ are identical, and
spring from the submucous tissue : they contrast with the

(1) The term *‘dental papilla,” althongh eminently convenient, is asso-
ciated with an erroneous feature of the older views upon tooth develoy.
ment; where it is employed in the following pages, the student must
guard against the misconception that free papills at any time exist in any

animal, i
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enamel organ, which, as before said, is derived from the
oral epithelium, _

To recapitulate briefly the facts which are now estab-
lished beyond all question, the early mammalian tooth
aerm consists of three parts, one of which, the enamel
organ, is derived from the epithelium of the surface ; the
other two, the dentine organ and the dental sac, originate
in the midst of solid embryonic tissue at a distance from
the surface.

The enamel organ is formed by a rapid increase of cells
at the hottom of a process which dips in from the stratum
Malpighi of the oral epithelium ; the dentine germ and the
dental sac are formed in close contiguity to this enamel
organ from the submucous tissue.

If there was a “basement membrane” demonstrable at
this early period (which there is not) the enamel organ
and the dentine organ would lie upon the opposite sides
of it.

The description of the appearance of the several parts of
the tooth germ has brought us to the period at which cal-
cification first commences, but before proceeding to the de-
scription of this process it will be well to examine more
minutely the structure of the several organs in which calei-
fication takes place. The enamel organ, as has already been
stated, forms a cap-like investment to the dentine bulb,
and it is itself thickest over theapex of the latter, thinning
down somewhat as it approaches the base.

It is entirely surrounded by an epithelial layer, which
upon the inner surface applied to the dentine bulb consists of
much elongated columnar cells, and takes the name of in-
ternal epithelium of the enamel organ, and upon its outer
surface the name of external epithelivin of the enamel organ.
The greater bulk of the enamel organ consists of a stellate
tissue, which passes gradually through the medium of a
Jayer of rounded cells, the stratum intermedium, into the
enamel cells, or internal epithelivm. The essential portion
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of the enamel organ is this layer of * enamel cells,” which
by their calcification give rise to the enamiel, and in lower
animals, such as most if not all reptiles, the whole enamel
organ is represented by little else than this layer of
“enamel cells.”

The cells of the internal epithelium (enamel cells) form
an exceedingly regular and perfect columnar epithelium,
the individual cells becoming by result of their mutual ap-
position very symmetrical hexagons,

They are four or five times as long as they are broad,
and the nucleus, which is large and oval, oeccupies
that end which is farthest from the dentine. It is said
Ly Waldeyer that the sides of the cells only are invested
by membrane, the protoplasm being without investment at
its two ends, :

Towards the base of the dentine germ, where the in-
ternal epithelium merges into the external epithelium, the
cells are not so much elongated, and they then pass gra-
dually into the cubical form of these latter cells., At their
attached extremities the enamel cells are prolonged into
processes which are continuous with the cells of the stratum
intermedinm, so that it may fairly be concluded that the
enamel cells, as they are used up in the formation of
enamel, are recruited from the cells of this layer,

The “stratum intermedinum?” consists of cells inter-
mediate In character between those of the bordering epithe-
lium and the stellate reticulum ; they are branched, but:
less conspicuously so than the stellate cells, with which on
the one hand they are continuous, on the other with the
enamel cells.

The stellate cells proper are characterised by the great
length of their communicating processes, and the inter-
space of the meshes is oceupied by a fluid rich in albu-
men, so that the consistence of the whole is little mors
than that of jelly ; as the structure in question consti-
tutes the major part in bulk of mammalian enamel
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organs, these have been called the enamel jellies, or enamel
pulps.

Fig G0. (™

The function and destination of this portion of the
enamel organ is not very clear: enamel can be very well
formed without it, as is seen amongst reptiles and fish, and
even in mammalia it disappears prior to the completion of
the enamel, so that the external and internal epithelia
come into contact. It has been supposed to have no more
important function than to fill up the space subsequently
taken up by the growing tooth. (See page 146.)

The external epithelinm of the enamel organ is composed
of cells cubical or rounded in form, and are of little
interest save in that it is a matter of controversy what
becomes of them. Waldeyer holds to his opinion that,
after the disappearance of the enamel pulp and the stratum
intermedium, they become applied to the enamel cells, and
on the completion of the enamel become cornified and
converted into Nasmyth’s membrane. Kolliker and
Legros and Magitot dissent from this opinion, the latter
stating that the atrophy of these cells commences early,
and that they actually disappear prior to the complete
atrophy of the organ. For reasons which I have given
clsewhere, I do not agree with Waldeyer in this matter,

(1) Cells of the stellate reticulum of the enamel organ. From Frey.
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but rather with Magitot. The external epithelium was
seen by Nasmyth, Huxley, and Guillot, but it was not
very fully described until investigated by Robin and
Magitot.

So simple a matter as the vascularity or non-vascularity
of the enamel organ is not yet settled; Wedl asserts
that it contains no vessels, Magitot and Legros sharing
this opinion ; Dr. Lionel Beale, on the other hand,
stating that a vascular network lies in the stratum inter-
medium.

The inner surface of the enamel organ, where it is ap-
plied to the dentine bulb, presents a perfectly smooth out-
line, but its outer surface is indented by numerous papil-
lary projections, into which enter blood vessels of the
dental sacculus. These papillze are homologous with, and
continnous with those of the gum ; they may sometimes
be traced along the meck of the enamel germ, and it is
believed that they exercise an important influence on the
formation of the enamel, to which I shall again recur.

The narrow attenuated line of cells by which the enamel
organ retains its connection with the stratum Malpighi,
whence it was derived, varies much in length and direction
in different animals ; in man it is short and straight, in
the calf it is larger, and undulates in its course. It does
not remain quite that simple line of cells of which it con-
sisted when first formed, but varicosities, made up of poly-
hedral cells, bud out from it,

The origin of the dental germs of the permanent teeth
remains to be described: the twenty teeth which have
deciduous predecessors being derived from part of the
agerms of these, the twelve true molars having a distinct
origin. About the sixteenth week of ntra-uterine life, from
the neck of cells which connects the enamel organ of the
temporary enamel germ with the stratum Malpighi, there
buds out a secondary inflection of epithelium, similar in
appearance to the first rudiment of the deciduous enamel
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germ; it passes down to the inner side of the tempo-
rary tooth sac, and by undergoing a series of changes in all
respects analogous with those resulting in the formation of
the temporary tooth germ, gives rise to the permanent
tooth germ.

The first permanent molar germ, however, is developed
about the sixteenth week by a similar budding out of epi-
¢helinm, from that same primary epithelial lamina, whence
the temporary enamel germs originated : whilst the second
permanent molar originates from the neck of the enamel
organ of the first molar after a long interval, 7.e., about the
third month after birth.

The enamel germ of the wisdom tooth is similarly de-

Fig. 61 (&

vived from the meck of that of the second permanent
molar, again after a long interval ; (about the third year.
Magitot).

The accompanying figures represent the enamel germs

o
(1) Dental germ of temporary tooth of an Armadillo, showing its ennmel
organ, and the enamel gern of the successional permanent tooth to the

left.
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for the permanent teeth budding off from the nee:ks of the
enamel organs of the temporary teeth. Many differences of
detail, such as the point at which they arise, the depth to
which they penetrate into the surrounding parts, and nth'er
such characteristics, exist not only between the teeth of dif-
ferent animals, but even between teeth situated on different
parts of the mouth of the same animal, so that but little im-
portance is to be attached to them.

Fig. 62. ()

The dentine germ, or dentine bulb, of which the origin
has been already described, at first was nothing more than a
part of the submucous tissue of the jaw which had become
more rich in vessels and cells than other neighbouring
parts, but did not present any structures essentially differ-
ent from those found around it. Tt very speedily assumes

() From the upper jaw of a kitten about the time of birth. e« Oral
epithelium. 5 Bone of jaw, ¢ Neck of enamel organ. . Dentine pa-

pilla. . e. Enamel cells. 7 Stellate reticulum, k. Tooth gern of the

permanent tooth, the enamel organ of which is derived from the neck of
that of its predecessor,

IC
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the form of the apex of the future tooth, becoming, if it be
a canine, simply conmical, if a tooth with two cusps,
bicuspid ; and coincidently with these changes the layer
of cells forming its surface, which is in close relation with
the enamel cells, becomes differentiated from the parts be-
neath it.

These cells, which form the dentine by their calcification,
form a very distinet layer, which, after the commencement
of caleification, adheres more strongly to the formed cap of
dentine than to the rest of pulp, and so is often pulled
away with the former when the two are separated ; hence
this layer of cells has obtained the name of “membrana
¢boris,” or membrane of the-ivory ; but the student must

Fig. 63. (1)

(1) Tooth sac of a calf. a. Tooth sae. al a?, Its outer and middle por-
tions. b. Stellate cells of enamel organ. ¢. External epithelinm of enamel
organ. d. Internal epithelium of enamel organ. e Odontoblasts. f. Den-
{ine bulb or papilla. g Vessels in dentinebulb. i Points where the sac
becomes fused with the base of the dentine papilla.
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beware of falling into the mistake of supposing that it
really is a “ membrane” properly so called.

The individual cells, which collectively constitute the
menibrana eboris, are called odontoblasts ; they are variable
in shape, differing even in the same animal according as
the formation of dentine is going on actively or not, but
are always much longer than they are broad, and are fur-
nished with oval nuclei near to their deeper ends. The
odontoblast cells are furnished with several processes,
named according to their direction ; thus the process which
penetrates the formed dentine is called the “dentinal pro-
cess,” that which, at its opposite pole, passes into the
deeper part of the pulp where it communicates with other
cells, the “pulp process,” and those which communicate
with neighbouring odontoblasts, “lateral processes.” Before
entering upon a detailed deseription of the transformation
which the various cells undergo in their conversion into
enamel, dentine, or cementum, it will not be out of place
to say a few words relative to the process of calcification
generally.

But before doing so it may perhaps assist the student, who may
be perplexed in endeavouring to reconcile the statements of varions
anthors, to give a succinct history of the views from time to time
get forth, and this is the more necessary, as inaccurate accounts are
still to be met with in otherwise excellent anatomical text books. (1)

Before the time of Goodsir (1838), the development of the teeth
was described somewhat vaguely as proceeding underneath the mu-
cous membrane by Raschkow, who did not, however, trace out in
what precise manner the several parts of the tooth germ originated.
The papers of Goodsir giving, in the place of somewhat vague
and general notions, a very definite and intelligible description of
observations, was accepted without question by most anatomists, if
not by all.  Accordingly we find in all the text-books at and aftm

(*) After thepresent summary had been partly prepared, the author met

with the very excellent résuind given by Messrs, Legros and Magitot, from
which he has received much assistance,

K 9
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that period, and in a great many even at the present day, the de-
scription given by Goodsir reproduced almost without alteration,
so that it will therefore be worth while to briefly relate what his
views were.

He believed that at an early period in feetal life there appeared
a continuons open groove, running round the whole circumference
of the jaws ; that from the bottom of this groove there arose iso-
lated and uncovered papille, corresponding in number to the milk
teeth ; that these papillee became covered in by the deepening of
the groove and the meeting of its two edzes over their tops, whilst
at the same time transverse septa were formed, so that the several
papillee became enclosed in their own separate follicles. With the
details of the process as described by him we are not concerned ; it
will suffice to remember that he distinguished the four stages : a
primitive dental groove, a papillary stage, a follicular stage, and an
eruptive stage (the latter of course at a long subsequent period).

Not only were these views accepted quite without question, but
they were even extended to explain the development of the teeth
in Reptiles and Fishes, and thus in the Odontographies of Profes-
sor Owen and Professor Giebel may be found accounts of the deve-
lopment of the teeth in reptiles and fish which are perfectly in ac-
cord with Goodsir's theory, but which in fact are far more inaccurate
than his theories were as applied to mammalian teeth.

KEven so careful a writer as Professor Huxley, who was the
first to point out that these stazes really did not exist either in the
frog, the mackerel, or some other fish, accepted them without
question as true of mammalia. Marcusen () (1849) gave upon the
whole a correct account of the process, referring the enamel to the
oral epithelinm, and Professor Huxley (1854), whilst demonstrating
that the stage of free papillz was not to be found in certain fish
and reptiles (a fact also made out in the newt by Dr. Beale),
clearly and strongly expressed the same view as to the origin of the
enamel organ, and hence of the enamel. And whilst regretting
that their hold upon the minds of anatomists has been so strong

(1) In the résume given by Messrs. Legros and Magitot, before referred to,
due credit is not given to the papers of Marcusen and Huxley (1849, 1854)
(although they are alluded to), and it appears to me that too much is given
to that of Natalis Guillot (1858).
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as to encourage deductions therefrom going wider and wider of
the mark, I would not be understood to set small value upon the
observations of Arnold and Goodsir. They were a step in advance,
and were probably as accurate as the methods of investigation then
in use would allow of : moreover, the error in observation is very
easy to account for, as, the epithelinm having peeled off as a result
of decomposition, or the use of weak spirit, the state of things left
does not widely differ from that described by Goodsir.

The subject rested for many years without further advances, but
in 1863 Professor Killiker demonstrated, beyond all cavil, the
real origin of the enamel crgan and its relations to the oral epithe-
linm, the dentine organ, and the dental sac.

His views, substantially eorrect, have heen elaborated by Wal-
deyer, Kollmann, Hertz, Legros and Magitot, Wedl, and others,
but only in minor particulars have they been modified.

The development of the teeth of reptiles was found by a pupil of
M. Kolliker’'s, M. Santi Sirena, to have several features in ac-
cord with that of mammalian teeth, but with the results of his ob-
servations I am only acquainted from a preliminary notice ; my
own researches on the teeth of Batrachia and Fish and Reptiles, else-
where detailed, have proved a striking general similarity in the
process throughout the vertebrate kingdom, though they by no
means accord with the views of Professors Owen and Giebel.

Dental Follicle—In the foregoing account little mention
has been made of the tooth follicle or tissue forming a
capsule-like investinent around the dentine germ and
cnamel organ, At an early period of development the tissue
forming the dentine papilla of a mammalian tooth is seen
to be prolonged outwards and upwards from its base (see
h in Fig. 58); these processes appear to grow rapidly
upwards, so as to embrace the enamel organ ; but whether
this is really so, or whether it is merely that the ill-defined
tissue in which thedentine forming organ has itself originated
is in this region also becoming more pronounced, it is hard
to say. This upgrowth from the base of the dentine papilla
is the first appearance of a special dental sacculus, which is
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thus derived from a sonrce identical with that of the forma-
tive organ of the dentine. | ]

While these changes are going on, the tooth sac is be-
coming lodged in a widely open gutter of bone, which is
Deing rapidly formed at its sides and under its base. If at
this stage (see Fig. 59) the gum be stripped off from the
jaws, the developing tooth capsules are torn off with the
gum, from which they are inseparable except by actual
cutting, and leave the gutter of bone quite bare and empty.
In fact the capsule or sac which encloses the tooth germ
consists of almost the whole of the connective tissue which
intervenes between the special dentine and enamel germs
and the bone.

In the first instance the follicle wall is only distinguished
from the conmective tissue external to it by being some-
what richer in cells, vessels, and fibrillar elements ; being,
in fact, more condensed or more compact. The sacs, when
at their fullest development, are divisible into two layers,
an outer thin firm wall, and an inner looser tissue, not
very dense. At the base of the footh sac, the follicle
wall is not separable nor distinguishable from the base of
the dentine papilla with which it blends. The follicle wall
is richly vascular; and over the surface of the enamel
organ it is prolonged inwards in the form of villous or pa-
pilliform eminences (8 in Fig. 59), projecting into the exter-
nal epithelium of the enamel orean ; to these prominences,
which are analogous to the papillee on the free surface of
the gum, some authors attach much importance, as having
an influence upon the direction of the enamel prisms, and
so regulating the pattern formed ; but this view is by no
means universally accepted. The internal or softer and
looser portion of the follicle wall, which has a consistency
but little firmer than that of the stellate reticulum of the
enamel organ, is much developed in Ruminants, where
there is to be a deposition of coronal cement. This differen-
tiation of a portion of the dental sac is thought by Messr=.
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Robin and Magitot to be sufficiently pronounced to justify
its description under the name of a “ cement organ.”

It is said that the inner layer of the tooth sac is concerned
in the formation of the cement ; that the outer layer, con-
jointly with the surrounding connective tissue, is converted
into the alveolo-dentar periosteum, but I cannot myself
recognise the justice of this distinction in practice. In
human teeth the parts of the follicle wall or sac cease
to be distinctly distinguishable at a comparatively early
period, and their importance is not such as to call for very
detailed description.

Another structure, once thought important, and now
known to be a mere bundle of dense fibrous tissue, is
the “gubernaculum.” The permanent tooth sacs, during
their growth, have become invested by a bony shell, which
is complete, save at a point near their apices, where there
is a foramen. Through this foramen passes a thin fibrous
cord, very conspicuous when the surrounding bone is
broken away, which is called the “ gubernaculum,” from the
notions entertained by the older anatomists that it was
concerned in directing or effecting the eruption of the
tooth. The gubernacula of the front permanent tooth sacs
perforate the alveolus and blend with the gum behind the
necks of the corresponding milk teeth ; those of the bicus-
pids uniting with the periosteum of the alveoli of their
deciduous predecessors.
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Part II1,—CALCIFICATION.

A TISSUE is said to be “ecalcified” when the organic struc-
tures of which it is composed are hardened and stiffened by
impregnation with salts of lime. The impregnation with
lime salt may go on so far that the residual organic matrix
is reduced to a very small proportion, as is exemplified in
the case of adult enamel, in which the organic constituents
make up only from one to three per cent. of the whole, so
that practically the enamel wholly disappears under the in-
fluence of an agid ; or the organic metrix may persist in suffi-
cient quantity to retain its structural characteristics after
the removal by solution in an acid of its salts, as is the case
with dentine, bone, and cementum. There are two ways In
which a calcified structure may be built up : the one by
the deposition of the salts in the very substance of a for-
mative organ, which thus becomes actually converted into
the calcified structure; the other by a formative organ
shedding out from its surface both the organic and inor-
ganic constituents, and thus, so to speak, excreting the
resultant tissue.

An example of the latter method is to be found in the
shells of many mollusks, in which the mantle secretes the
shell, and is able to repair fractures in it, without itself
undergoing any apparent alteration ; while the formation
of dentine, bone, and enamel (') are examples of calcification
by conversion.

The insoluble salts of lime are altered in their behaviour
by association with organic compounds, a fact which was
first pointed out by Rainie, and has heen more recently
worked out by Professor Harting and Dr. Ord.

(1) All observers are not, however, agreed as to the formation of the
cnamel  (Cf. page 146},
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If a solution of a soluble salt of lime be slowly mixed
* with another solution capable of precipitating the lime, the
resultant lime salt will go down as an amorphous powder,
or, under some circumstances, in minute crystals. But in
the presence of gelatine, albumen, and many other ordanic
compounds, the form and physical character of the lime
salts are materially altered, and in the place of an amor-
phous powder there are found various curious but definite
forms, quite unlike the character of crystals produced with-
out the intervention of the organic substance.

Mr. Rainie found that if caleium carbonate be slowly
formed in a thick solution of mucilage or albumen, the re-
sultant salt is in the form of globules, laminated in strue-
ture, so that the globules may be likened to tiny onions ;
these globules, when in contact, becoming agglomerated
into a single laminated mass, it appearing as if the laminze
in immediate apposition blended with one another. Glo-
bular masses, at one time of mulberry-like form, lose the
individuality of their constituent smaller globules, and be-
come smoothed down into a single mass ; and Mr. Rainie
suggests as an explanation of the laminated structure that
the smaller masses have accumulated in concentric layers
which have subsequently coalesced ; and in the substitu-
tion of the globular for the amorphous or crystalline form
in the salt of lime when in contact with various organic
substances, Mr. Rainie claimed to find the clue for the ex-
planation of the development of shells, teeth, and bone.
At this point Professor Harting took up the investigation,
and found that other salts of lime would behave in a simi-
lar manner, and that by modifying the condition of the
experiment very various forms (') might be produced. But
the most important addition to our knowledge made by
Professor Harting lay in the very peculiar constitution of
the “calcospherites,” by which name he designated the
globular forms seen and described by Rainie. That these

(") Thus he was successful in artificially producing “ dumb-bell " erystals.
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are built up of concentric lamina like an onion has already
been mentioned, and Mr. Rainie was aware that albumen
actually entered into the composition of the glohule, since
it retained its form even after the application of acid.

But Professor Harting has shown that the albumen left
behind after the treatment of a calcospherite with acid is
no longer ordinary albumen ; it is profoundly modified, and
has become exceedingly resistant to the action of acids,
alkalies, and boiling water, and in fact resembles chitine,
the substance of which the hard skins of insects consist,
rather than any other body.

For this modified albumen he proposes the name of
“ caleoglobulin,” as it appears that the lime is held in some
sort-of chemical combination, for the last traces of lime are
retained very obstinately when calcoglobulin is submitted
to the action of acids.

The “ calcospherite,” then, has a true matrix of calco-
alobulin, which is eapable of retaining its form and strue-
ture atter the removal of the great bulk of the lime.

Now it is a very suggestive fact that in the investigation
of caleification we constantly meet with structures remark-
able for their indestructibility : for example, if we destroy
the dentine by the action of very strong acids, or by
variously contrived processes of decaleification, putrefaction,
&e., there remains behind a tangled mass of tubes, the * den-
tinal sheaths ” of Neumann, which are really the immediate
walls of the dentinal tubes,

Or if bone be disintegrated by certain methods there
remain behind large tubes, found to lLe the linings of the
haversian canals (Kolliker), and small rounded bodies, re-
cognisable as isolated lacunze; and in the cuticula dentis we
have another excellent example of this peculiarly indestruc-
tible tissue.

In point of fact, as will be better seen after the develop-
ment of the dental tissue has been more fully described, on
the borderland of calcification, between the completed fully
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calcified tissne and the formative matrix as yet unimpreg-
nated with lime, there very constantly exists a stratum of
tissue which in its physical and chemical properties very -
much resembles ¢ calcoglobulin.”

It should also be noted that globular, spherical forms are
very constantly to be seen at the edges of the thin cap of
forming dentine, and may be also traced in and around the
interglobular spaces (see Fig. 29) ; moreover, isolated
spherules of lime salt have been described by Messrs,
Robin and Magitot as occurring abundantly in the young
pulps of human teeth, as well as in those of the herbivora,
where their presence was noted by Henle.

Although the calcification of the dentine commences be-
fore that of the emamel, it will be convenient to describe
that of the enamel first, as being a somewhat simpler and
more easily intelligible process.

As has already been mentioned, I am distinetly of opi-
nion that the enamel is formed by the actual conversion of
the cells of the enamel organ into enamel, but as this view
is not held by all who have written upon the subject, I will
fivst mention the alternative theory, namely, that the enamel
15 In some sense secreted or shed out by these cells. In
support of this latter theory the names of no less authorities
than Professor Huxley, Kolliker, and Wenzel may be ad-
duced, but the grounds on which their decisions are based
are appearances susceptible of a different interpretation.
Kolliker considers that the cells do not undergo any direct
conversion, but that the enamel is shed out from the ends
of the enamel cells, the enamel fibres therefore correspond-
ing in size and being continuous with the enamel cells
whence they were shed out.

Professor Huxley’s reason for doubting the direct con-
version of the enamel cells into enamel was, that a mem- .
brane could be raised from the suiface of growing enaniel,
at any period of its development, by the use of acid re-
agents, this membrane necessarily intervening between the
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formed enamel and the enamel cells ; hence he denied that
the ‘enamel contributed in any way directly, though it
might indireetly, to the development of the enamel.

To the nature of this “membrane” I shall have again to
refer, so that for the present it will suffice to say that the
structure in question cannot be demonstrated, and in fact
has probably no existence, prior to the use of the reagent.

The cells of the internal epithelium of the enamel organ
or enamel cells have been already in some measure de-
scribed : they are elongated cells, forming a very regular
columnar epithelium, and are henee rendered hexagonal by
mutual apposition ; they vary in their length and diameter
in different animals,

Although they are connected with the cells of the stra-
tum intermedinm by a process at their base, they often

Fig.ag. (1)

adhere more strongly to the enamel, when once this has
begun to be formed, than to the rest of the enamel organ,
so that when a dental sac is opened, the enamel cells are
most easily obtained by seraping the surface of the enamel.
The cells thus torn away often have tapering processes at
the ends directed towards the enamel, which were first
described by my father, and go by the name of “Tomes’
processes.” The cells are also slightly enlarged at these
extremities, especially if they have been immersed in glyce-

(1) Enamel cells with Tomes' processes.
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rine or any such fluid which causes their shrinkage, for this
end of the cell having received a partial impregnation with
lime salt at its periphery, and so heing rigid, is unable to
contract with the rest of the cell. These enlarged, everted
ends, often show a very sharp contour, their frumpet-like
mouths tending to confirm the statement of Waldeyer, that
the protoplasm of ‘the cell is not covered in by membrane
at its ends. The impregnation with calcareous salts com-
mences at the free end of the emamel cell, and at the
periphery before the central portion, and it is to this fact
that the existence of “ Tomes’ processes” is due, for when
the enamel cell is' dragged away from the formed enamel
prism, it separates across the line of calcification ; and thus
the axial part of the cell, when torn away, projects out

Fig o3, ()

{further than its periphery, in consequence of calcification
having extended less far at this central portion of the cell.

In other words, if the forming enamel were freed from
the adherent enamel cells, its surface would be pitted,
each little pit marking the centre of an enamel prism ; and
if a thin section of this immediate surface could be taken
off, it would be pierced with holes at regular intervals,

As this part of the enamel has by no means attained to
its full hardness, it is quite possible to obtain, in small
pieces, such sections ; the nearer they are to the surface,
the larger will be the perforations, showing what has

(1) Enamel cells; the two on the left have been shrunk by immersion

in glyeerine, and present the open trumpet-shaped ends described in the
text.
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already been stated respecting calcification commencing at
the periphery of each cell to be true. And it is possible, by
the use of an acid, to obtain such sections upon a larger
scale, for under the influence of such a reagent, this
youngest layer of the enamel peels off in a sheet, bringing
with it in places enamel cells, in places enamel “prisms,
adhering to its opposite sides. When destitute of adherent
enamel cells or prisms, this so-called membrane is forami-
nated ; and the processes of the ends of the enamel cells
fitted into and passed through these perforations.

The real nature of the membrane which could be raised
from the surface of growing enamel was first demonstrated
by my father, and his explanation has been accepted by Wal-
deyer and other authorities ; it will be seen that this sheet,
produced solely by the destructive action of reagents, cor-
responds with the membrana preformativa of some writers
(see page 159), and with the membrane described by Professor
Huxley as intervening between the enamel cells and the
enamel. Hence it will be seen that the fact of acids raising
a membrane from the surface of the enamel does not really
militate against the theory that the enamel is due to the
direct conversion of the enamel organ into enamel.

The ends of the enamel cells near to the formed enamel are
cranular, this granularity being due to the deposition of
particles of lime salts, as is indicated by its clearing up
when treated with acid.

The cells on the one side of the membrane readily sepa-
rate from one another, adhering, however, slightly by their
dilated ends (vide supra), and the fact that we are able to
isolate the youngest layer of enamel as a thin sheet is
probably to be explained by its chemical nature. It
appears to belong to that class of peculiarly resistant
substances which are to be found on the borders of calei-
fication, and behaves very much like Professor Harting's
«“ galcoglobulin ¥ (see page 140); at all events it may
safely be said to have undergone some chemical change
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preparatory to the reception of its full amount of lime
salts.

The calcification of the enamel should be so complete
that its fibrous structure is but slightly apparent in longi-
tudinal sections, and the individual fibres should appear
structureless, with the exception of the feebly marked
striation (see page 50). In enamel of imperfect structural
character the centre of the fibre is not completely calei-
fied, the arrest of development having taken place short
of its full conversion,

The stellate tissue of the enamel organ disappears some
time before the whole thickness of the enamel is formed,
and changes go on in the latter up to the time of the

Fig. 6. (1)

() Transverse section of the tooth sac of a poison fang (Viper.) The
crescentic pulp (a) is surrounded by a layer of dentine (d); external to this is
a layer of columnar enamel cells, which, upon the exterior ofthe tooth,upon
which a thin layer of enamel is to be formed, are large conspicuous cells.
Where they pass in between the horns of the crescent, into that part which
will ultimately be the poison canal, their character is lost, and their place
tuken by stellate cells (f). No enamel is formed in this latter position,

L
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eruption of the tooth ; the enamel of a tooth prior to its
eruption having a chalky, epaque surface,

The enamel of the teeth of reptiles is developed from an
enamel organ which at no time possesses any stellate tissue;
this is also the case in all fish which I have hithertd
examined. In the poison fangs of snakes the enamel cells,
over the interior of the poison tube, appeared to be trans-
formed into a stellate reticulum, which change in this case
would appear to be a retrograde metamorphosis.

The nuclei of the enamel cells, which lie at the extre-
mities furthest from the enamel, as far as can be seen,
appear to recede as calcification goes on; they do not
exercise any special influence on the process. -

As has been already mentioned, Killiker dissents from the above
account of the caleification of the enamel, partly on the ground that
enamel cells may be sgeen of the same size and form at all stages of
the formation of enamel.

The process he regards as one of secretion, the enamel being shed
out, so to speak, from the free end of each enamel cell ; hence the
prisms of the enamel will correspond in size and number with the
~ cells of the enamel epithelium ; the processes of the enamel cells

he regards as being fragments of this hardened secretion which are
«till clinging to the parent cell.

My reasons for adopting the opposite view will have heen ga-
thered from the text ; they are, in brief, the occurrence of the
¢ Pomes’ processes ;” the rigidity of the open mouths of the enamel
cells ; the pitted surface of the youngest layer of enamel, the fora-
minated membrane which ean be raised from it, and the relation ¢f
these facts to the occurrence of the processes of the enamel cells,

Qehwann believed that the enamel cell was constantly increasing
at its free end (i.e., that next” to the enamel), and that the new
growth, or youngest part of the cell, is caleified as fast as it is
formed ; this view differs little from that of Kolliker, who prefers
to express it by saying that this end of the cell is constantly shed-
dinz off or secreting a material which becomes external to itself.
My father, Waldeyer, Hertz, and many others, believe that the cell
growth takes place not at this free end, but at the attached nucle.
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ated end, and that it is the oldest portion of the cell itself which
receives an impregnatii:-n with salts and forms the enamel.

Professor Huxley's opinion is, I take it, based on the fact that
a membrane could be raised from the surface of young enamel,
which must have intervened between the enamel cells and the
enamel prisms ; if my father's explanation of the nature of this
membrane be accepted, the difficulty vanishes.

My own researches upon the development of the teeth of fishes
also furnish evidence tending in the same direction ; as has been
already mentioned, the enamel cells in some parts of the enamel
organs of some fish, such as the eel and perch, and some Batrachia,
¢.4., the newt, have dimensions very greatly exceeding those of the
cells in the remainder of the organ. These highly developed cells,
three times as long ds the corresponding cells lower down upon the
dentine papilla, are in the position of the terminal cap of cnamel
which characterises these teeth : moreover, after some of the
enamel has been formed, the length of these cells is just such that
by their entire conversion into enamel, an enamel cap of the average
thickness would be formed (see page 111). Moreover in the tooth
sae of the poison fang of a viper, the distribution of the large cells
coincides with that of the enamel on the finished tooth.

Development of the Dentine.—The dentine is formed upon
the surface of the dentine bulb, or papilla, from without
inwards, so that no portion ¢f dentine once calcified can
receive any increase in external dimensions ; all additions
must take place upon the interior of the dentine cap. The
nature of the dentine hulb has already been to some extent
deseribed ; it remains to consider somewhat more minutelv
the nature of its surface. The cells eonstituting the mem-
brana eboris, to which Waldeyer has given the converient
name of “ odontoblasts,” form an exceedingly sharpl y defined
layer upon the surface of the dentine wall, being arranged
in a single row ; the cells immediately beneath them differ
strongly from them, so that there is not so marked an
appearance of transitional strueture as may be seen in the
stratum intermedium of the enamel organ. Nothing what-
ever like the linear sucecssion of formative cells, Wltli(:h, by

L2
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coaleseence at their ends, went to form the dentinal tubes,
as described by the older writers, is to be seen.

The odontoblast cells vary in form according as the den-
tine formation is actively going on or not, but at the period
of their greatest activity they are broad at the end directed
towards the dentine cap, so as to look almost abruptly
truncated. The several processes of the cells have already
been described ; there are, however, sometimes several
“ dentinal processes” proceeding from a single cell, and
Boll has counted no less than six.

The cells are finely granular, and are, according to
Waldeyer and Boll, destitute of all membrane ; the nucleus
is oval, lies in that extremity of the cell which is farthest
from the dentine, and is sometimes prolonged towards the
dentinal process so as to be ovoid or almost pointed.

The dentinal process passes into the tubes of the dentine,
and it frequently happens that when the membrana eboris
is only slightly separated from the dentine these processes,

Fig. 87. (1)

which constitute the dentinal fibrils, may be seen stretching
across the interval in great numbers.

The odontoblasts, as may be seen from the figure, are
titted closely together, and there is no room for any other
tissue between them, so long as the formation of dentine is
actively going on. Prior to its commencement, however,
the cells are not so square at their ends, and the appear-
ance of the thin edge of such a pulp snggests the idea that
they are bedded in a transparent and structureless jelly,

(1) Isolated odontoblast cell.
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which projects a little beyond them. To render my mean-
ing more clear by a homely illustration, the surface of the
pulp at this stage reminds one of the clear jellies put upom

Fug. 68. ()

the table with strawberries or the like buried in them, near
to, but beneath, the surface. But no such substance can
be seen when once calcification has actively set in.

When the pulp has completed, for the time being at all
events, the formation of the dentine, the odontoblast cells
lecome more elongated and more rounded in their outline,
and taper off towards and into the dentinal process, n-
stead of having truncated ends. :

The cells figured by Lent as the formative cells of
dentine I regard as odontoblasts taken from an adult
tooth, the period of formative activity being past, and
I am inclined to think that his views on the subject of
development are open to criticism, as being based upon the
appearances presented by such old cells.

The dentine is, I believe, formed by the direct conversion
of the odontoblast cells, just as is the enamel by that of

the enamel cells, and is derived from them, and from them
alume,

() Oldontoblasts in sifw. After Waldeyel.

'
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According to this view, which is supported by Waldeyer,
Frey, Boll, Dr. Lionel Beale, and many other writers, the
dentinal fibrils, the dentinal sheaths, and the matrix be-
tween these latter, are alike derived from the metamor-
phosis of the odontoblast cell. In other words, the three
structures in question may be taken as being three stages
in the conversion of one and the same substance : thus we
have the dentinal fibril in its soft condition, little more
than the unaltered protoplasm of the cell, then the dentinal
sheath, one of those peculiarly resistant substances which lie
on the borders of calcification ; and lastly, the matrix, the
completed, wholly caleified tissue.

That some such relation exists seems to be indicated hy
the fact that dentinal tubes once formed are capable of
further calcification, by which their calibre becomes sen-
sibly diminished. Thus, my father states (speaking of the
incisor teeth of rodents), ““the tubes which proceed from
the pulp cavity near the base of the tooth, are, in most
cases, perceptibly larger than those that are situated higher
up ; hence it follows that, as the latter were once near the
base of the tooth, the dentinal tubes undergo a diminution
of calibre after their original formation. In the teeth of the
Sciuride I have found a difference of size amounting to a
third or half between the tubes near the base and those
near the surface in wear.”

And Dr. Lionel Beale calls attention to the fact that the
hollows of the canals are largest neurest to the pulp, and
smallest at the periphery of the tooth, in other words, at
the oldest part ; also that calcification is still slowly going
on even in advanced life, so as often to lead to the oblite-
ration of the peripheral tubes. There is, too, the state-
ment of Robin and Magitot, that the teeth become more
rich in calcareous salts as age advances, so that analyses of
human teeth show great discrepancies,

It is difficult to see how a dentinal tube once formed can
hecome contracted to a third or half of its diameter unless
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we believe that that which was at first the soft tiss}le
(dentinal fibril) occupying its canal may become at 1ts
periphery metamorphosed into “dentinal sheath,” while
that which was originally this latter has passed into the
condition of matrix. Other illustrations of this fact, ob-
served by independent writers, suggest themselves to me ;
the convertibility of the dentinal fibril into dentinal sheath
and of the latter into matrix, seems to be of necessity
implied by the narrowing of the calibre of a tube once
formed, for the tubes thus narrowed present no special
character ; their walls do not appear any thicker, nor do
they in any way become different save in the one matter of
diameter. The phenomena of dental caries also appear
to lend some support to this view, that dentinal fibril,
dentinal sheath, and matrix, are but three ages of the same
tissue.

For under the influence of caries the walls of the tubes,
invisible, or alinost so, in perfectly healthy dentine, become
apparent.

As I have elsewhere expressed it, the most external
portions of the odontoblasts undergo a metamorphosis into
a welatigenous matrix, which is the seat of caleification, while
their most central portions remain soft and unaltered as the
fibrils. Intermediate between the central permanently
soft fibril and the general calcified matrix, is that portion
which immediately surrounds the fibril, namely, the den-
tinal sheath ; as expressed by Dr. Lionel Beale, they are
protoplasm formed material, and calcified formed material.

That the whole of the dentine is derived from a conversion of
the odontoblast cells is not agreed to by all writers, Thus Kol-
liker and Lent believe that while the canals and their contents
are continuations of the odontoblasts, the matrix is a secretion
either from these cells or from the rest of the pulp, and so is an
‘“ intercellular ” substance. Their view is therefore intermediate
between the excretion and conversion theories ; and Kolliker goes
on to say, ‘since the dentinal cells are immediately drawn out at
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their outer ends into the dentinal fibres, and do not, as was for-
merly thought, grow out in such a manner that the dentinal fibre
is to be regarded only as the inner part of the cell, ko it is not pos-
sible to derive the dentine immediately from the cells.” Butis not
Professor Kolliker thinking and writing of these aged, spent cells
which his pupil Lent figured ? No one could speak of a young,
active odontoblast as ‘“drawn out into the dentinal fibril.”™ A
good section of young developing dentine shows that the cells are
square and abrupt towards the dentine ; they do not taper into the
dentinal process in the smallest degree, and there is no room for
any intercellular substance whatever.

Hertz coincides with Kolliker in regarding the matrix as a *‘ se-
eretion from all the dentinal cells in common which stands in no
definite histological relation to the individual cells,” but his figure
also I believe to be representative of an adult inactive surface of
pulp, in which dentine formation had almost ceased.

Kolliker and Lent are of opinion that a single cell is sufficient to
form the whole length of a dentinal fibril, not having seen evidence
of active cell growth in the subjacent layer of the pulp, from which
they would infer that the membrana eboris was supplemented by
new cells from below. In the lutest edition, however, Kdlliker
speaks with much more hesitation on this point.

Robin and Magitot held that the dentine matrix was formed by
ihe transformation of the odontoblast cells, but that the tubes were
interspaces between these latter, not corresponding with the axes
of the cells. They add that the process of the cell, when it exists,
isbent back from the ivory. It is obvious that this theory is in-
compatible with what is now known of the cdontoblast cells and
their long processes the dentinal fibrils, which lie in the dentinal
canals, so it need not detain us.

The thinnest layer of dentine, such as may he found at
the edges of the dentine cap, is soft and elastic, and so
transparent as to appear structureless. Where it has at-
tained a somewhat greater thickness, globules begin to
appear in it, which are small in the thinner, and larger in
the thicker portion of the dentine cap. As they are actually
in the substance of the cap, their growth and coalescence
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obviously go on without any very immediate relation to
the cell of the pulp ; in point of fact, a process strictly
analogous to “that demonstrated by Mr. Rainie and Pro-
tessor Harting (see page 139) is going on. Thus, in the
formation of dentine, a stage of metamorphosis preparatory
to impregnation with calcareous salts distinetly precedes
that full impregnation, which is marked by the occurrence
of globules and their subsequent coalescence, Theoccurrence
of these globular forms and consequent large interglobular
spaces, in adult dentine, is therefore an evidence of arrest
of development and not any otherwise abnormal condition.

When the formation of the dentine and enamel has
cone on to the extent of the crown of the tooth, having
attained its full length, the reproduction of new formative
pulp (in teeth of limited growth) takes place only over a
contracted area, so that a neck, and finally one or more
roots are the result of its conversion into tooth substance.
In teeth of constant growth, however, no such narrowing ot
the formative pulp takes place, but the additions to the base
of the tooth are of constant, or ever-increasing dimen-
sions ; as is the case in some tusks, which are of conical form.

While the roots of the teeth are thus being formed, a.
fresh structure, namely, cementum, is being deposited upon
their exteriors,

Although, from its similarity to bone, it might be sup-
posed that the development of cementum was likely to be
very well understood, as a matter of fact we have very
little positive knowledge npon the subject. U

According to one school of writers, amongst whom may
be numbered most of the leading authorities, there is no
special “ cement organ,” this tissue being derived from the
calcification of elements furnished by the capsule of the
dental follicle, which at this part of the tooth is of course
not separated from the surface of the dentine by an enamel
organ or any other intervening structure.

Others, amongst whom may be numbered Messrs. Robin
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and Magitot, decidedly affirm the existence of a “cement
organ,” as worthy of a distinct name as the enamel or
dentine organs. My friend, Dr. Magitot, in answer to an
inquiry upon this matter, tells me that the publication of
Lis memoir and figures on this subject has been unavoid-
ably delayed by the press of other work, but he holds most
positively to his former statement.

I am not myself familiar with any appearance which
would induce me to describe as a distinet part a “cement
organ ;” but am quite willing to suspend judgment upon
the matter for the present, pending the publication of Dr.
Magitot's researches. Meanwhile the view which obtains
the most general acceptance is that the development of
cementum is very closely analogous to that of bone, the soft
tissues which are to be calcified being furnished by the con-
nective tissues of the dental follicle wall.

Although much has been written upon the subject of the
development of bone, yet several hypotheses are still strug-
gling for the mastery. Most observers are, however,
now agreed that the formations of bone in cartilage, or in
membrane, are processes which do not essentially differ,
but, like the resulting tissues, are practically identical.
Thus the cartilage, caleified or uncalcified, is supposed to
hold only a subordinate position ; to form, as it were, a
swaffolding, a temporary support, to serve while the bone is
being formed (Rollet).

According to this view, bone is the result of the calcifica-
tion of a new tissue, the formation and growth of which
precedes that of actual bone ; in the case of bones formed
in cartilage this new tissue grows into and excavates the
cartilage, itself springing from the periosteum, or from the
already formed medullary cavity.

In the formation of a membrane bone, or in the thicken-
ing of a bone by additions to its surface from its perios-
teum, or in the deposition of cementum upon a root of a
tooth, an analogous process takes place, that is to say, a
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new soft tissue is provided, which ossifies. Thus it would
not be absolutely correct to say that the cementum is
formed by an ossification of the tooth sae, though in a
general sense it would be true.

The immediate swiface of the forming bone is coated
over with a layer of large granular cells, investing it like
an epithelium. The cells constituting this layer, which are
at times furnished with fine processes, are called * osteo-
blasts,” it being by their calcitication that bone is directly
formed.

The share taken by my father and the late Mr. De Morgan in a
very important paper on the development of bone, has hardly Leen
sufficiently recognizsed by continental writers. Under the name of
*“osteal cells,” the osteoblasts had been described by them, in
terms of the ntmost clearness, as was also the essential fact that
bone is the result of the calcification of a new tissue. The follow-
ing extract will serve to prove this : —**Here (towards the bone) in
the place of cells with elongated processes, or cells arranged in
fibre-like lines, we find cells aggregated into a mass, and so closely
packed as to leave little room for intermediate tissue. The cells
appear to have increased in size at the cost of the processes which
existed at an earlier stage, and formed a bond of union between
them, Frverywhere about growing bone a careful examination will
veveal cells attached to its suiface, while the surface of the bone
itself will present a seriez of similar bodies ossified, To these we
propose to give the name of osteal cells, as distinguished from
lacunal and other cells,”

Externally to the osteoblast layer, but still very near to
the perfect cementum, lies a reticulum or network made up
by the inosculating blanches of cells. The cells have largish
round nuclei, and are each furnished with three or four honm-
geneous processes, so that the tissue, save in very thin sec-
tions, looks hopelessly confused from the interlacing of the
cell processes. Many of these processes pass into, and are lost
in the clear, structureless matrix of the already formed
cementum ; the functions which they perform in its
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development are not very apparent, unless they caleify
into Sharpey’s fibres (ef. page 89).

Externally to the fine-meshed net-work, which has been
well figured and described by Dr. Lionel Beale, the
soft tissue surrounding the root partakes more of the
character of ordinary fibrous tissue, and may be teased out
into fibrils. The fibrous bands run mainly in a direction
from the alveolus towards the tooth, Many of them pass
through the whole thickness of the soft structures, extending
from the Lone of the alveolus to the cementum of the tooth,
becoming lost upon each,

As the osteoblasts calcify, they lose their individuality,
and all traces of the great majority of them disappear.
Some few, however, retain their individuality as ¢ encapsuled
lacunz, the nature of which I will go on to describe.

Just as calcification in an enamel cell or in an odontoblast
commences upon its surface, and proceeds inwards till it
lias more or less completely pervaded it, so in the case of
the osteoblast the deposition of calcareous salts proceeds
from without inwards. To use a brief comparison we
might imagine a caleifying osteoblast as like an ega-shell,
the central eavity of which was being gradually obliterated
by the addition of successive layers on its interior (it is not
to be understood that any such lamination is to be detected
in an individual osteoblast). In a certain number of osteo-
blasts this process of calcification does not proceed with
such regularity to obliterate their centres, while it at the
same time fuses together ‘their exteriors, but as it pro-
gresses with some degree of irregularity towards the centre,
tracks of uncalcified matrix are left, and finally it stops
short of obliterating the central portion of the cell. Al-
though for the purpose of description I have spoken of the
centre of the osteoblast cell asa ¢ space,’ of course it 1s not
hollow, but consists of uncalcifiel matrix, and in this
situation lay the nucleus of the cell.

In carmine-stained preparations from the teeth of calves
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a round nucleus may sometimes be seen lying in the stellate
“lacuna’ ; the nucleus soon disappears, and plays no active
part in determining the form of the lacuna. The nucleus
may also be seen in the developing bones of human feetuses,
and the traces of the nucleus are beautifully preserved in
thelacun:e of a supposed Pterodactyle bone from the Wealden,
a section from which was figured by my father in the paper
referred to. Exactly as calcification, advancing with irre-

Fig. 69 (1)

gularity in the interior of an“individual cell, fails to render
it homogeneous by pervading its whole substance, so it may
fail so completely to unite contiguous cells as to obliterate
their contours. A lacuna, surrounded by such a contour
line, mapping the limits of the original cell, or cluster of
cells, is what is termed an ¢ encapsuled lacuna.’

The foregoing explanation, which embodies pretty closely the
opinions of Dr. Lionel Beale, Waldeyer, Rollet, and my father, ap-
pears to accord best with the appearances observed. Dr. Sharpey
thus summarised the various views at one time or another enter-
tained upon this subject : —They, ¢.e. lacune, are generally supposed
to be derived from the cells of the soft tissue involved in the ossifica-
tion by some sort of metamorphosis which has been variously con-
ceived. Some suppose that the cells become the lacung and send oul
branches (like the pigment cells) to form the canaliculi (Schwauu),

(Y} Encapsuled lacung,
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Others think that it is not the cell, but its rueleus, which undergoes
this change, and that the substance of the nucleus is afterwards ab-
sorbed, leaving the lacuna (Todd and Bowman). Henle thinks that
the lacuna iz a cavity left in the centre of a cell which has been
partly filled up by calcification, and that the canaliculi are branched
passages, also left in consequence of the unequal deposition of hard
matter, as in the instance of the pore cells of plants. It rather
appears to him (Dr. Sharpey) as if the lacun® and canaliculi were
little vacuities left in the tissue during the deposition of the reti-
cular fibres (Sharpey's fibres), as open figures are left out in the
weaving of some artificial fabries (but not within & cell as Henle
imagined), and that thus the apposition of the minute apertures
existing between the reticulations of the lamells gives rise to the
canaliculi. At the same time it seems not unlikely that a cell or -
cell nucleus may originally lie in the lacuna or central cavity, and
may perhaps determine the place of its formation. Hassall-Agrees
with Schwann, while Gerber and Bruns appear to hold the views
of Todd and Bowman. '

The views of Dr. Sharpey, which are not now generally
supported, are the only ones which are very materially
divergent from the others. That which determines the
formation of a lacuna, or an escapsuled lacuna, at any
particular spot, is unknown : all that can certainly be said
upon the subject is embodied in the following extract from
the paper by my father and.Mr. De Morgan, above
alluded to :—* We see the boundary of the original lacunal
cells only in those cases where the lacunze have but few, or
are entirely devoid of, canaliculi. It would appear to be a
law, to which thére ave few, if any, exceptions, that when
anastomosis is established between adjoining lacunge, the
lacunal cells blend with the contiguous parts, and are no
longer recognisable as distinet bodies.”

According to Kolliker, the cementum first is deposited in
isolated scales, which coalesce with one another, rather
than in a continuous sheet, In the teeth of the Primates, the
(larnivora, Insectivora, &ec., the cementum, at least in any
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appreciable thickness; is confined to the roots of the teeth,
Various reasons, however, exist, for regarding Nasmyth's
membrané as an exceedingly thin layer of cement, which
has been entered into in the section relating to that
structure, and need not be recapitulated here. It will
suffice to say, that it appears to be one of those structures
midway betwixt full calcification and full vitality, and
" shares with such substances the power of resistance to
chemieal reagénts which characterises them,

Membrana preformativa,—To the student of dental de-
velopment few things are more perplexing than the con-
flicting statements which he reads in various works as to
“the nature and position of the Membrana preformativa, of
which I have hitherto studiously avoided all desecription ;
while it is not encouraging,.after having mastered with
difficulty some one deseription of its character, to find that
many of the most recent authors altogether deny its exist-
ence. I will endeavour, therefore, so far as I am able,
although not myself believing in its presence, to put the
matter in a clearer light, and to point out wherein lie the
discrepancies of statement.

According to the older theories of tooth development,
under the thrall of which most authors have written, the
tooth germ was in the first instance a free, uncovered
111];11Ha of the mucous membrane, which mﬂ]seqnentlv san i
in and became encapsulated, &c., &c. , (see page 132). More-
over, it was taught by the nlder histologists that fine
homogeneous “ basement membranes” were to be found in a
great variety of sitnations, amongst others beneath the
epithelinm of the mucous membrane, and that these were
of (physiologically) much importance, . inasmuch as they
formed defining limits, through whieh structures did not
pass. As a necessary consequence of these views, it was
assumed as a matter of course that the ‘““dentine P:lpl”tl
was covered over by a “basement membrane,” or mem-
brana preformativa,
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Thus this membrane necessarily intervened between the
enamel organ and the dentine papilla, and hence gave rise
to difficulties in the understanding of the caleifying process.
Henle considered that evidences of its presence speedily
became lost, but that ossification proceeded in opposite
directions upon the two sides of this membrane : from
within outwards in the case of the enamel, from without
inwards in the case of the dentine.

Prof., Huxley, starting on the same hypothesis as to its
position, namely, that it was between the enamel organ and
the dentine papilla, came to a different conclusion as to its-
after fate ; relying upon the fact that a continuous sheet of
tissue or membrane can be raised from the surface of the
developing enamel (see page 145), he concluded that this
was the original membrana preformativa, that it afterwards
became the Nasmyth’s membrane ; hence that enainel was
developed without the direct participation of the enamel
organ, seeing that a membrane separated the two. My
reason for doubting the correctness of these conclusions is
to be found at page 142 ; the membrane so demonstrable
is, I believe, artificial, and does not represent any naturally
existing structure.

Kolliker strongly affirmed the existence of the membrana
preformativa, and in the older edition of his Histology, held
that it became converted into Nasmyth's membrane ;
although he now gives a different explanation of the origin
of Nasmyth’s membrane, I have not found a definite state-
ment as to lis recent views of the ultimate fate of the

membrana preformativa.
* We have thus three destinations assigned to the mem-
brane covering the dentinal papilla, or membrana pre-
formativa.
(i) Between the dentine and the enamel (Henle).

(ii.) Between the enamel and the enamel organ, or out-

side the enamel (Huxley). :

(iii.) Between the dentine and the pulp.
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We come next to those writers who deny its existence
altogether, explaining on other grounds the appearances
observed.

Markusen believed that it was nothing more than the part
of the papilla first ossified ; and Dr. Lionel Beale definitely
denies the existence of a membrane in any one of the three
situations above detailed, as do also Hertz, Wenzel, and
Waldeyer,

Messrs. Robin and Magitot have offered a plansible ex-
planation of the appearance of a limiting membrane over
the pulp, which is Dbriefly this: the formative pulp is rich
in a clear substance of gelatinous consistency (which in fact
forms its chief bulk), and which reminds the observer of the
tissue contained in an umbilical cord. This is somewhat
more dense towards the surface, where it forms a matrix fur
the odontoblasts and projects beyond them, so as to look, in
section or at a thin edge, like a sort of varnish to the
papilla,  From its greater density near the surface, it
may be become corrugated, and so look like a folded or
torn membrane. I am quite inclined to agree with the
foregoing explanation,

I am inclined to think, that but for the erroneous theories
that the dentine germ originated as a free papilla on the sur-
face, which would according to the prevalent view have been
necessarily invested by a basement membrane, we should
never have heard of a membrana preformativa, Atall events
it is difficult to imagine that such a membrane exists upon
papille formed at such a great distance from the surface as
those of the snake or the lizard (fig. 55) ; and if there be
such a membrane, it must be a secondary development
upon the surface of the mass of cells which primarily con-
stitute the rudiment of the dentine papilla, and in that
case is not a part of the general basement membrane of the
oral mucous membrane ; or else it must have been carried
down as a sort of eul de sac in front of the inward growing
process of epithelinm, to which in that ease it would belong

M
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CHAPTER YV,

THE DEVELOPMENT OF THE JAWS AND ERUPTION OF
THE TEETH.

Hoxrer. On the Anatomy of the Human Teeth.
Toxes, J. Dental Surgery. 1868,

Humprrey., Trans. Camb. Philos, Society, 1863.
WebpL. Pathology of the Teeth.

TaE changes which are undergone by the jaws during
the development, eruption, and loss of the teeth, have long
engaged the attention of anatomists, and amongst others of
Hunter, who was the first to arrive at a tolerably correct
appreciation of the process. In the first edition of my
father’s “ Dental Surgery,” the result of a very extensive
series of observations carried out upon maxillee collected by
himself, were detailed, confirming in the main Hunter's
conclusions, but adding many new points to our knowledge ;
and from this work I have borrowed largely in the present
chapter. Professor Humphrey, who had overlooked these
descriptions, which were never published in any other form
than as an infroduction to the “ Dental Surgery,” instituted
a series of experiments upon growing animals, which
tended to prove the same points which had been no less
conclusively demonstrated by my father by the careful
comparison of large numbers of dried Jaw bones with one
another.

As a means of giving the student a gnide in his reading
of the following pages, and a clue to the results towards
which he is being led, the following brief statement, which

M 2
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does not pretend to scientific accuracy, may perhaps be
useful ; while the description given will relate for the most
part to the lower jaw, bhecause its isolated position, bringing
it into relation with fewer other bones, renders it more
easy to study ; not that any difference of principle underlies
the growth of the upper jaw The different parts of the lower
jaw answer for different purposes ; one division of its body
having a very close and intimate relation with the teeth,
the other serving a distinet purpose, and being only secon-
darily connected with the teeth.

The alveolar portion of the jaw, that which lies above
the level of the inferior dental canal, is developed around
the teeth : when they are lost, it disappears, to be re-formed
again for the second set of teeth, and is finally wholly
removed after the loss of the teeth in old age.

The portion of jaw below this line, which is essential to
deglutition and respiration, is late in aequiring any con-
siderable development. Once formed it is never removed,
save that when the muscles of mastication are no longer in
full use, in advanced old age, it becomes, to a slight extent
only, wasted.

In order to understand the drift of the following de-
seription, it 18 essential to keep in view the different life
histories of those two parts of the jaw just alluded to.

In an early fetus, long before the necessity for respira-
tory movement or deglutition has become imminent, a thin
lamina of bone has begun to be formed beneath the tooth
germs, forming, as it were, a semicireular gutter running
round the jaw, in which the developing tooth saes are
lodged. The thin gutter of bone thus formed is above
Meckel’s cartilage, and intervenes between the rudimentary
inferior maxillary vessels and nerves, and the teeth. The
sides of the bony furrow rise as high as the top of the tooth
germs, but they do not arch overand cover them in, in such
manner as the permanent tooth germs are arched in, as the
long furrow is widely open at the top.
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(") Upper and lower jaws of a nine months’ feetus, the teeth having been
removed from the jaws on one side to show the extent to which they are

calcified at this period. (Two-thirds life size.) a. Alveoli of later

al in-
cisors. b Alveoli of canines,

¢. Alveoli of second temporary and first

rermanent molars. A bristle has been passed through the inferior dental
ranal,
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Passing on to the condition of the maxillw at the time of
birth, the two halves arve as yet not anchylosed, but are
united only by fibrocartilage. “The alveolar margins are
deeply indented with large open crypts, more or less per-
fectly formed. The depth of these bony cells is only suf-
ficient to contain the developing teeth and tooth pulps, the
former rising to the level of the alveolar margins of the
jaws, At this period the crypts or alveoli are not
arranged in a perfectly uniform line, nor are they all
equally complete. The septa, which divide into a series of
cells that which at an earlier age was but a continuous
aroove, are less perfect at the back than at the Iront part of
the mouth. The alveoli of the central incisors of the
upper and the lower jaws are a little larger within than at
the orifice, and this difference is made still greater by a
depression upon the lingual wall of each for the reception ot
the pulp of the corresponding permanent tooth. They arc
divided from the erypts of the lateral incisors by a septum
which runs obliquely backwards and inwards towards
the median line. The sockets for the lateral incisors
oceupy a position slightly posterior to those for the central
teeth, and are divided from the canine alveoli by a septum
which proceeds obliquely backwards, and in the lower jaw,
as regards the median line of the mouth, outwards. By the
arrangement of these divisions the alveoli of the central
incisors are rendered broader in front than behind, and
the relative dimensions of the sockets of the lateral teeth
are reversed, as shown in fig. 70. The crypts of the canine
teeth are placed a little anterior to those of the laterals,
and nearly in a line with those of the central incisors,
giving to the jaws a somewhat flattened anterior aspect.”

While the main bulk of the lower jaw is made up by the
alveoli of the teeth, in the upper jaw the alveoli descend
but little below the level of the palatal plates, though the
sockets are tolerably deep. The antrum as a special
distinet cavity cannot be said to exist, being merely repre-
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sented by a depression upon the wall of the nasal cavity,
the alveolar cavities therefore being separated only by a
thin plate of bone from the orbits.

The figure represents also the extent to which calcifica-
tion has advanced in the various teeth.

Half of the length of the crowns of the central inci-
sors, about half that of the laterals, and the tips only of
the canines are caleified ; the first temporary molars arve
complete as to their masticating surfaces ; the second temn-
porary molarshave their cusps moreorless irregularly united,
in many specimens the four cusps being united into a ring
of dentine, the dentine of the central depression of the
* erown not being yet formed. During the formation of the
permanent teeth, very similar relations exist between the
amount. of calcitication in the incisors and ecanines; thus
when, as sometimes happens, the development of the teeth
proceeds very imperfectly up to a certain date, and then
changes for the better, it may be that the lower half of the
crown of the central incisor, somewhat less of the lateral,
and the extreme tip of the canine will be honeycombed,
while the remainder of the tooth will be perfect, thus per-
petuating an evidence of the stage to which each of these
teeth had at that particular period attained.

Having noted in some detail the character of the jaw of
a nine months feetus, we may pass on to the consideration
of those changes which precede the cutting of the deciduous
teeth. A general increase in size takes place, new bone
being developed at all those points where the maxillae
are connecled by soft tissue with other bones, as well as
from their own periostenm. Bu$ the increase in dimen-
sions does not take place in all directions equally, so that
material changes of form result,

In correspondence with the elongation of the tooth sacs,
the alveoli beeome increased in depth, and their edges circle
inwards over the tooth sacs ; active development of bone
takes place in the sutures uniting the two halves of the jaws
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to one another, which is compensated by tlie inclination
inwards of the alveoli of the central incisors. In the lower
jaw the articular process, at first hardly raised above the
level of the alveolar border, rises rapidly up, the direction

Fig. 71. (1

of the ramus at first remaining oblique, theugh the angle of
the jaw becomes developed as a stout process for the
attachment of muscles. At the age of six months the
synphysis is still well marked, and the mental prominence
tirst becomes noticeable.

An addditional bony crypt for the first permanent molar
has also appeared, though its separation fiom that of the
second temporary molar, from which it was at first in
no way separated, is yet incomplete, especially in the lower
jaw. In the upperjaw the first permanent molar crypt has
no posterior wall ; bony cells for the permanent central
incisors are well marked, those for the laterals mere deep
pits in the palatine wall of the crypts of the temporary
tecth.

At the age of eight months, or thereabouts, the process of
the eruption of the teeth, or “teething,” has fairly set in ;
anchylosis has taken place at the symphysis of the lower
jaw, the mental prominence is well marked, and in the upper
jaw the antrum has become a deep depression, extending
under the inner two-thirds of the orbit. ~

Postponing for the moment the consideration of the erup-

(1) Lower jaw of a nine months’ foetus,
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tion of the teeth, in order to follow up the growth of the
Jaws, it becomes necessary to take some fixed points as
standards from which to measure the relative alteration of
other portions of the bone. In most bones, processes for
the attachment of muscles would be very unsuitable for the
purpose, because they would alter with the general altera-
tion in the dimensions of the bone : thus a process sitnated
a point one-third distant from the articular extremity of a
large bone, will still be found one-third distant from the end,
though the bone have doubled in length. The four little
tubercles which give attachment to the genio-hyo-glossus
and genio-hyoid muscles are not, however, open to these
objections, as they are alrveady, so to speak, at the end of
the bone, or, at least, of each half of it, and their general
correspondence with the inferior dental eanal, which can
hardly be imagined to undergo much alteration, indicates
that their position is tolerably constant.

The peints selected as landmarks ave then, the spinze men-
tales, the inferior dental canal and its orifice, and the mental
foramen, The mental foramen itself does undergo clight
change in position, but this change can easily be estimated,
and may as well at once be mentioned. Asthe jaw undergoes
Increase in size, large additions are made to its surface by
deposition of bone from the periosteum, necessarily lengthen-
ing the canal. The additions to the canal do not, however,
take place quite in the line of its original course, hut in this
added portion it is bent a little outwards and upwards, If
we rasp off the bone down to the level of this bend in an
adult jaw, a process which nature in great part performs for
us in an aged jaw, or even if we make allowance for the
alteration, the mental foramen becomes an available fixed
point for measnrement. ;

The mental foramen, which undergoes most of the total
change of position within a few months after birth , tomes
to correspond with the centre of the socket of the first
temporary molar ; later-on it corresponds with the root of
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the first bicuspid, which is thus shown to succeed, in exact
vertical position, the first temporary molar.

On the inner surface of the jaw the tubercles for the
attachment of the genio-hyo-glossus and genio-hyoid muscles
ave in the fetus, opposite to, and very little below the base
of the alveoli of the central incisors, a position which
they afterwards hold with regard to the permanent incisors.
The upper of the two pairs of processes are about at the
same general level as the mental foramen.

The general result arvived at by measurements taken
from these points is that the alveolar arch occupied by the
teeth which have had deciduous predecessors, namely the
incisors, canines, and bicuspids, corresponds very closely
with the whole alveolar arch of the child in whom the
temporary dentition is complete ; and that the differences
which do exist are referable, not to any fundamental altera-
tion in form or interstitial growth, but to mere addition to
its exterior surface. Or more briefly, that the front twenty
of the permanent succeed vertically to the places of the
temporary teeth, the increase in the size of the jaw in an
adult being due to additions at the back, in the situation of
the true molars, and to other points on the surface. If
measurements be taken between the inmer plate of the
alveoli on either side at the point where they are joined by
the septa between the first and second temporary molar,
and at about the level of the genio-hyo-glossus tubercles in
the jaws of anine months feetus and of a nine months child,
:t will be found that the increase is slight, if any, notwith-
standing that in other dimensions there is a very great
difference.

Again, if an imaginary line be stretched across between
these two points, and from its centre a line be drawn
forwards to the spine mentalis in the same two jaws, this
will be found to differ but little in length in the two
specimens,

But, if instead of measuring to -the spina mentalis, the

ST
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line had been carried to the anterior alveolar plate, a great
diffexence would have been observable; in point of fact,
contemporaneously with the development of the erypt of
the permanent teeth inside them, the temporary teeth and
their outer alveolar plates are slowly moved outwards, a
process, the results of which we see in the separation which
comes about between each one of the temporary teeth,
prior to their being shed, when the process of dentition is
carried on in a perfectly normal manner.

Measurements taken for the sake of comparing adult jaws
with those of an eight months child, give closely similar

Fig. 72 ()

(1) Diagram representing a jaw of a nine months’ foetus, snperimposed
upon an adult jaw, to show in what directions increase has taken place.
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results, which I have endeavoured to roughly embody in
the accompanying figure.

In it is shown that the increase in the dimensions of the
jaw has taken place in two directions ; by prolongation
backwards of its cornua concomitantly with the addition at
the back of the series of teeth of the true molars, which
follow one another at considerable intervals, and by
additions to its exterior surface by which itis thickened and
strengthened. The study of the growth of the jaw 'in
vertical depth is also very instructive. We find that, as
has already been mentioned, the history of that part of the
jaw which lies below the inferior dental canal has a very
different history from that which lies above. From the
time of birth to that at which the temporary teeth begin to
be cut, the jaw below that line has been making steady but
slow progress in vertical depth ; the alveoli, above that
line, have been far more active in their development.

Again, passing from the nine months feetus to the seven
years old child, in whom the temporary dentition is com-
plete, the framework of the jaw below our imaginary line
has attained to a depth almost equal to that which it 1s seen

Fin. 73 (1)

(1) Lower jaw. The horizontal line marks the level of the inferior dental
canal.
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Fig T4()

to have in an adult; in the adult again it corresponds
preity well with that in an aged jaw. The alveolar
portion, however, is far deeper in the adult than in the
child (this difference is not sufficiently well marked in the
figure), and in fact constitutes almost the whole increase in
vertical dimensions in the passage from the child’s to the
adult form of the jaw.

() Lower jaw of an adult.

(*) Lower jaw of an aged person, the dotted lines indicating the outline of

the parts removed by absorption, as the Jaw assumes the form cha

racteristic .
of advanced age,
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In thelower jaw we may take it as proven that the hasal
portion of ‘the jaw has little relation to the development of
the teeth, but that the alveolar, or upper portion is in
entire and absolute dependence upon them, a point to

“which I shall again return in speaking of the eruption of
. the teéth. t '

Tt remains to speak in some further detail as to the
means by which the enlargement of the jaw is effected.

To a slight extent there is formation of bone going on at
the symphysis, prior to the complete anchylosis taking place :
the share taken by this in increasing the size of the jaw
would, however; appear to be but small, after the termi-
nation of the intrauterine period. Additions to the surface;

‘at the edges of the alveoli and at the base of the jaw are
continually going on, and bring about that addition to the
external surface already noticed.

But the main increase in the size of the jaw has been in
the direction of backward elongation ; in this, as Kolliker
first pointed out, the thick articular cartilage plays an
important part. The manner in which the jaw is formed
might almost be described as wasteful ; a very large amount
of bone is formed which is subsequently, at no distant date,
removed again by absorption ; or we might compare it to a
modelling process, in which thick, comparatively shapeless
masses, are dabbed on to be trimmed and pared down into
form.

To bring it more clearly home to the student’s mind, if
all the bone ever formed were to remain, the coronoid
process would extend from the condyle to the region of the
first bicuspid, and all the teeth behind that would be
buried in its base : there would be no “neck * beneath the
condyle, but the internal oblique line would be a thick
bar, corresponding in dimensions with the condyle. It is
necessary to fully realise that the articular surface with its

cartilage has successively occupied every spot along this

line ; and as it progresses backwards by the deposition of
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fresh Lone in its cartilage, it has been followed up by the
process of absorption removing all that was redundant.

On the outer surface of the jaw we can frequently dis-
cern a slight ridge, extending a short distance from the

head of the bone ; but if the prominence were preserved on -

the inner surface, the inferior dental artery and nerve
wonld be iurned out of their course. We have thus a
speedy removal of the newly-formed hone; so that a con-
cavity lies immediately on the inner side of the condyle ;
and microscopic examination of the bone at this point
shows that the lacune of Howship, those characteristic

evidences of absorption, abundantly cover its surface, show-.

ing that here at least absorption is most actively going on.

In the same way the coronoid process, beneath the base
of which the first, second, and third molars have suecessively
been formed, has moved backwards by absorption acting
on its anterior, and deposition on its posterior.surfaces.

The periosteum covering the back of the jaw is also
active in forming the angle and the parts thereabouts.

It 1s worth while to add that the direction of growth in
young jaws is marked by a series of minute ridges ; in like
manner the characteristic marks of absorption are to be found
about the neck of the condyle, and the front of the coro-
noid process, and those of active addition about the posterior
border, so that the above statements rest upon a _basis of
observation, and are not merely theoretical., Two' cases
of arrested development of the jaw (* Dental Surgery,” i
108) lend a species of experimental proof to the theory of
the formation and growth of the jaw above given.

There are authors, however, who maintain that the growth
of the jaws is not merely a backward elongation of the
cornua, together with additions to the external surface, but
that an “interstitial growth ” takes place.

Wedl inclines to this latter view, and the question eannot,
I think, be held to be absolutely settled, Although it is
- difficult to form any definite conception of interstitial
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growth in a tissue so dense and unyielding as bone, so that
the doctrines promulgated in the foregoing pages have the
support of @ priori probability, there are some rather para-
doxical facts to be met with in comparative odontology.
Nevertheless, there can be no doubt, that backward elonga-
tion as teeth are successively added, &e., is sufficiently near
the truth in the case of human and most mammalian jaws
for practical purposes.

It remains to notice the changes in form which the
ascending ramus and the angle of the jaw undergo. In the
foetus the ramus is but little out of the line of the body of
the jaw, and the condyle little raised above the alveolar

border.
Gradually the line of development, as is indicated even

in an adult jaw by the course of the inferior dental canal,
takes a more upward direction ; copious additions of bone
are being made on the posterior border and about the angle,
so that in an adult the ramus ascends nearly at right angles
to the body of the jaw.

In old age, concomitantly with the diminution of mus-
cular energy, the hone about the angle wastes, so that once
more the ramus appears to meet the body at an obtuse
angle. Butall the changes which mark an aged jaw are
the simple results of superficial and not an interstitial
absorption, corresponding with a wasting of the muscles, of
the pterygoid plates of the sphenoid bone, &e. ;

The mechanism by which teeth, at the date of eruption,
are pushed upwards into place, is far from being perfectly
understood. The simplest theory would appear to be that
they rise up, in consequence of the addition of dentine to
their base ; in fact, that their eraption is due to the elonga-
tion of their fangs.

Various very strong objections have been brought for-
ward, clearly proving that this cause is quite inadequate to
explain all that may be observed. In the first place, teeth
with very stunted roots—which may be practically said to
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have no root—are often erupted. Again, a tooth may
have the whole length of its roots completed, and yet
remain buried in the jaw through half a person’s life, and
then, late in life, be erupted. Moreover, when a healthy
normal tooth is being erupted, the distance travelled by its
crown materially exceeds the amount of addition to the
length of its roots which has gone on during the same time.

To turn to comparative anatomy, the tooth of a erocodile
moves upwards, tooth pulp and all, obviously impelled by
something different from mere elongation ; and my own
researches upon the development and succession of rep-
tilian teeth clearly show that a force quite independent of
increase in their length shifts the position of, and “erupts”
successive teeth, But what the exact nature of the impulse
may be, is an unsolved riddle : the explanations which I
have read, being, to my mind, less satisfying than the
admission that we do not know.

Towards the eighth month of childhood the bony crypts
which contain the temporary teeth in the front of the
mouth begin to be removed. The process of absorption
woes on with greater activity over the fronts of the crowns
than over their apices, so that almost the whole outer wall of
the alveoli is removed. At the back of the mouth the
crypts still retain their inverted edges; indeed, develop-
ment of the crypts is still going on in this part of the
montl. :

When a tooth is about to be cut, very active absorption
of its bony surroundings goes on, particularly on the anterior
surface, the bone behind it being still required as forming
part of the crypt of the developing successional tooth.,
But no sooner has the crown passed up through the very wide
and free orifice so formed, than absorption gives place to
deposition, and the bone rapidly develops so as to loosely
embrace the neck of the tooth. p

Additions to the margin of the alveoli keep pace with
the gradual elongation of the roots of the teeth ; as this is

N
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a moderately rapid process, the alveolar portion of the jaw
increases in depth almost abruptly,

Fig. T6. (})

But it does not do so uniformly all over the mouth; if
it did, the teeth could only be closed at the back of the
mouth, unless the rami elongated by an equally sudden
accession of new bone.

The front teeth are erupted first, and the jaw deepens
first in front : later on the back teeth come up and the jaw
is deepened posteriorly ; meanwhile the elongation of the
rami has been going on slowly, but without interruption.
Thus is brought about a condition of parts allowing of the

() Jaws of a male nine months old, in which the eruption of the teeth
is just commencing.

i e Bl e
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whole series of teeth coming into their proper mutual
antagonism.

It was pointed out by Trousseau that the eruption of the
teeth is not a continuous process, which, once commenced,
is carried on without intermission to its completion, but
that it is interrupted by periods of repose, The teeth are,
according to his statement, cut in groups ; the eruption
of the teeth of each group being rapid, and being succeeded
by a complete cessation of the process. Individual varia-
tions are numerous ; the following may be taken as an
approximation to the truth :(—

The lower centrals are erupted at an age ranging from
'six to nine months ; their eruption is rapid, and is completed
in ten days or thereabouts; then follows a rest of two or
three months, )

Next come the four upper incisors; a rest of a few
months ; the lower laterals and the four first molars ; then
a rest of four or five months.

The canines are peculiar in being the only teeth of the
temporary set which come down between teeth already in
place. To this, as well as to the greater length of their
root (though it is not quite clear what this has to do with
it), Trousseau ascribes the great length of time which their
eruption oceupies, taking two or three months for its com-
pletion. According to him, children suffer more severely
from constitutional disturbance during the eutting of these
teeth than that of any other, but Dr. West thinks that the
eruption of the first molars causes the most suffering, It
may also be noted that the canines during their develop-
ment lie farther from the alveolar border than do the other
teeth, so that they travel a greater distance ; obviously,
not merely from the elongation of the root, which is wholly
inadequate to effect such a change in position.

The dates'of the eruption of the milk teeth vary much,
no two authors giving the same ; but the whole of the
deciduous teeth are usually cut by the completion of the

N 2
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second year. (lases in which incisors have been erupted
before birth are not very uncommon. At a time when the
crowns of all the deciduous teeth have been fully erupted,
their roots are still incomplete, and are widely open at their
bases, and it is not till between the fourth and sixth years
that the temporary set of teeth can be called absolutely
complete,

At the sixth year, preparatory to the appearance of any
of the permanent teeth, the temporary teeth may be observed
to be slightly separated from each other ; they have come to
occupy a more anterior position, pushed forward, it may be,
by the great increase in size of the crypt of the permanent

Fig. 7. (1)

teeth behind them. The geneml 1e1.9,1:mn of these to the

temporary teeth may be gathered from the acmmpammlr
figure, in which it will be noticed that the canines lie far
above and altogether out of the line of the other teeth, and

(1) Normal well-formed jaws, from which the alveolar plate has been in
ereat part removed, so as 10 expose the developing permanent teeth in

'thr::u crypts in the jaws. :
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that a slicht degree of overlapping of the edges of the per-
manent central and lateral incisors exists.

The bicuspids lie in bony cells which are embraced pretty
closely by the roots of the temporary molars. and it hence
happens that extraction of the latter sometimes brings them_
away in their entirety.

The first permanent molars arve erupted in a manner
closely similar to that deseribed as oceurring with the
temporary teeth ; that is to say, their bony crvpts become
widely opened out by absorption, the crown passes out,
and new bone is rapidly formed, which embraces the neck,
prior to any considerable length of root being formed.

Last, then, follows the absorption of the root of the
temporary teeth, a matter accurately investigated by my
father. The root at or near to its end, becomes exca-
vated by shallow cup-shaped depressions; these deepen,
coalesce, and thus gradually the whole is eaten away.
Although absorption usually commences on that side of the
root which is nearest to the successional tooth, it by mno
means invariably does so ; it may be, and often is, attacked
on the opposite side, and in many places at once.

The cementum is usually attacked first, but eventually
dentine, and even enamel come to be scooped out and
removed by an extension of the process. That part of the
dentine, however, which immediately surrounds the pulp
appears to have more power of resistance than any other
part of the tooth, and thus often persists for a time as a sort
of hollow column. The absorption of the temporary teeth
is absolutely independent of pressure j the varyin g position
of the excavation has already been noticed, and it may be
added t-hut_ in many lower animals, for example, the frog or
the crocodile, the growing tooth sac passes bodily into the
excavation made before it in the base of the tooth which
has preceded it, while if pressure had had any share in the
matter the cells of its enamel organ, &c., must have inevi-
tably been crushed and destroyed,
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Again, when the absorption and shedding of the first
teeth have taken place early, before their successors are ready
to appear, perfeet little sockets are formed behind the lost
temporary teeth, cutting them off from the permanent

Fig. 78. (1)

(1} Jaws of a six-year-old child. In the upper jaw complete sockets are
spen where the temporary incisors have been shed.
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teeth destined to follow them. Absorption, too, may attack
the roots of permanent teeth, which is another reason for
regarding the process as not necessarily dependent of the
approach of a displacing tooth. Closely applied to the
excavation produced by absorption is a mass of very vascular
soft tissue, the so-called absorbent organ, The surface of
this is composed of very large peculiar-looking cells, bear-
ing some little resemblance to those known as “myeloid
cells,” or the *giant cells” of recent authors. Microscopic
examination of the excavated surface shows it to be covered
with small hemispherical indentations, the “lacunz of
Howship,” into each of which one of the giant cells fitted,
and in which they may sometimes be seen in stfu.

In what manner these giant cells, or ¢ osteoclasts,” effect
their work is not known, but their presence where absorption
of hard tissues is going on is universal. Some suppose that
they put forth ameebiform processes, others that they secrete
an acid fluid, but nothing very definite is known ; a curious
parallel is afforded by the manner in which a fungus will
drill and tunnel through and through the dentine, as may
be very constantly observed in teeth long buried.

The process of absorption once commenced does not neces-
sarily proceed without intermission, but may give place
for a time to actual deposition of osseous tissue on the very
surface eroded ; indeed by the agency of the absorbent cells
themselves, which are capable of being calcified in the
excavations they have individually made.

These alternations of absorptions and deposition, so
common in inflammation of the pulp, or of the alveolo-
dentar periosteum, as to be diagnostic of the former oceur-
ence of these maladies, often oceur during the normal process
of the removal of the deciduous teeth, and result in the
deposition of a tissue not unlike cementum in excavations
of the dentine, or even of the enamel.

The eruption of the permanent teeth is a process closely
analogous to that of the temporary set. Rapid absorption
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of the bone, especially on the exterior surface of the crypts,
takes place, and an orifice very much larger than the crown
of the tooth is quickly opened out.

Hence it is that the slightest force will suffice to determine

the direction assumed bv the rising crown : a fragment of

a root of a temporary tooth, the action of the lips and
tongue, &e., are all potent agencies in modifying the
arrangement of the teeth,

The temporary teeth stand vertically, the permanent
teeth in front of the mouth stand obliquely, thus giving
space between the lateral incisors and the first bicuspid
for the canine, which during development was out of the
line altogether. And, inasmuch as the crowns of the teeth
are on the whole much larger than their necks, it would
be manifestly impossible for them all to come down simul-
taneously.,

The permanent teeth usually make their appearance in
the following ovder :—First permanent molars, about the
seventh year ; a little later, the lower central incisors,
upper centrals and laterals, the first bicuspids, the canines,
the second hicuspids, the second pemnneut- molars, the
third permanent molars.

The period of eruption is variable. From a comparison
of several tables, I find the principal discrepancies to relate
to the date of the appearance of the canines and the second
bicuspids. The canine would certainly appear to belong to
the eleventh and twelfth years; but some authors consider
that the second bicuspid is usually cut earlier, others later
than this date. :

We may now revert to the phenomena observed in the
alveolar processes, They were first built up as crypts with
overhanging edges enclosing the temporary teeth : then they
were swept away, in great part, to allow of the eruption of
the temporary teeth : and next they were reformed about
the necks, to form the sockets of the deciduous teeth,

Once more, at the fall of the deciduous teeth, the alveoli

TN F g S——_—
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are swept away, the crypts of the permanent teeth are
widely opened, and the permanent teeth come down through
the gaping orifices.

When they have done so, the bone is reformed so as to
closely embrace their necks, and this at a period when but
little of the root has been completed.

Take for example the first upper or lower molars : their
short and widely open roots occupy the whole depth of
the sockets, and reach respectively to the floor of the
antrum and the inferior dental canal. No growth, there-
fore, can possibly take place in these directions ; the ntmost
available depth has already been reached, and as the roots
lengthen the sockets must be deepened by additions to
their free edges,

I't is impossible to insist too strongly upon this fact, that
the sockets grow up with and are moulded around the
teeth as the latter elongate, Teeth do not come down and
take possession of sockets more or less ready made and pre-
existent, but the socket is subservient to the position of
the tooth ; wherever the tooth may chance to get to, there
its socket will be built up round it.

Upon the proper appreciation of this fact depends our
whole understanding of the mechanism of teething ; the
position of the teeth determines that of the sockets, and
the form of the pre-existent alveolar bone has little to
do with the disposition of the teeth,

During the period of eruption of the permanent teeth the
level of the alveolar margin is seen, In a dried skull, to be
extremely irregular, the edge of the sockets corresponding to
the necks of the teeth, whether they have attained to their
ultimate level, or have heen but just cut.

And when temporary teeth have been retained for a
longer period than is natural, they sometimes become ele-

rated to the general level of the permanent teeth (which is
considerably higher than that of the temporary teeth), so
that they take their share of work In mastication, When
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this is the case the alveoli are developed round them, and
come to occupy with the tooth a higher level than before.

Fig. 0. ()

Enough has perhaps been said to illustrate the entire
dependence of the alveoli upon the teeth, a relation of which
dentists every day avail themselves in the treatment of
regulating cases : it remains to say a few words as to the
forces which do determine the position of the teeth.

Tnasmuch as when a tooth first leaves its bony crypt, the
bone does not at first closely embrace it, but its socket is
much too large for it, a very small force is sufficient to
deflect it. And, indeed, a very slight force, constantly
operating, is sufficient to materially alter the position of
a tooth, even when it has attained to its full length.

1y From a child aged fourteen. The specimen well exemplifies the fact
that the height of the alveolar edge corresponds exactly to the position of
+he neck of each tooth, on which it is wholly dependent. A temporary tooth
(the first right lower temporary molar) has been elevated, so that it has

attained to the level of the surrounding permanent teeth, and the edge of
the socket follows the level of the neck of the tooth.
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Along the outside of the alveolar arch the muscular lips
are exercising a very symmetrical and even pressure upon
the crowns of the teeth ; so also the tongue is, with equal
symmetry, pushing them outwards: between the two forces,
the lips and the tongue, the teeth naturally become moulded
into a symmetrical arch. That the lips and tongue are the
agencies which mainly model the arch is very well illus-
trated by that which happens in persons who have from
childhood suffered from enlargement of the tonsils, and are
consequently obliged to breathe through the mouth, which
is thus pretty constantly open. This causes a slight in-
crease 1n the tension of the lips at the corners of the
mouth, and is impressed npon the alveolar arch as an
inward bending of the bicuspids at that point ; thus persons
with enlarged tonsils will be found, almost invariably, to
present one of the forms of mouth known as V-shaped.

When the crowns of the teeth have attained such a level
as to come in contact with their opposing teeth, they very
speedily, from readily intelligible mechanical causes, are
forced into a position of perfect correspondence and an-
tagonism ; and even at a somewhat later period than that of
eruption, if this antagonism be interfered with, the teeth
will often rise up so as to readjust themselyes in position,

THE ATTACHMENT OF TEETH,

Although the various methods by which teeth are fixed
in their position upon the bones which carry them pass
by gradational forms into one another, so that a single and
at the same time absolutely correct classification is im-
possible, yet for the purposes of deseription three prineipal
methods may be enumerated, namely, attachment by means
of fibrons membrane, by anchylosis, and by implantation
in bony sockets,

Attaclment by means of fibrous membrane.— An excellent
illustration of this manner of implantation is afforded by
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the Sharks and Rays, in which the teeth have no direct
connection with the cartilaginous, more or less calcified,
jaws, but are imbedded solely in the tough fibrous mueous
membrane which covers them. This, carrying with it the
teeth, makes a sort of sliding progress over the curved
surface of the jaw, so that the teeth once situated at the
inner and lower border of the jaw, where fresh ones are
constantly being developed, rotate over if, and come to
occupy the topmost position (cf. description of the den-
tition of the sharks), That the whole fibrous gum, with,
the attached teeth, does really so slide over the surface
of the jaw, was determined by the result of an accidental
injury, which had been inflicted upon the jaws of a shark.

The fibrous bands by which each individual tooth of the
shark is bound down are merely portions of that same
sheet of mucous membrane which furnished the dentine
papillee ; and the gradual assumption of the fibrillated
structure by that portion of the mucous membrane which
is contiguous to the base of the dentine papilla may be
traced, no such fibrous tissue being found at the base of
young papille, and very dense bands being attached to the
bases of the completed calcified teeth.

A method of attachment which stands almost alone is
that exemplified in the Lophius piscatorius or An gler. In
this fish some few of the largest teeth are capable of move-
ment, readily yielding to pressure from without inwards,
and springing up so soon as the pressure is removed. They
are held in place mainly by dense fibrous ligaments at-
tached to the inner side of their bases ; the fibrous mucous
membrane, which is adherent to the rest of the base of the
tooth, forms a less distinct and more yielding set of
bands, which do not prevent the tooth from yielding when
pressed inwards. The majority of the teeth are, however,
anchylosed to the jaw in the Lophius just as in so many
other fish.

The development of these fibrous bands or ligaments has
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not been worked out fully, but T have little doubt that
they are, like the similar but less specialised structures in
the shark, merely metamorphosed portions of the mucous
membrane immediately contiguous to the base of the den-
tine papilla.

Attaclment by anchylosis.—In both the socketed and the
Iembranous manners of attachment an organised, more or
less vaseular, membrane intervenes between the tooth and
the jaw-bone ; in the method now under consideration
there is no such intervening membrane, but the calcified
tooth substance and the bone are in actual continuity, so
that it is often difficult to discern with the naked eye the
line of junction.

The teeth may be only slightly held, so that they break
off under the application of only a moderate degree of force,
or they may be so intimately bound to the bone that a
portion of the latter will usually be torn away with the
tooth,

In certain extinet fish, whose nearest ally is the now
anomalous Australian shark, the Cestracion philippi, the
lower part of the tooth is composed of osteodentine, which
8o closely resembles bone itself that it is impossible to say
at which point the bone may be said to commence and the
tooth to end ; but even where this intimate resemblance in
histological character does not exist, there is often to be found
more or less blending of the basal dentine with the bone
beneath it, so that there is even here a sort of transitional
region.

From the accounts which Pass current in most text books,
it would be supposed that the process of attachment by
anchylosis is a very simple matter, the bage of the dentine
papilla, or the dental capsule, by its calcification cement-
ing the tooth on to a surface of the jaw-bone already
formed. . In the few animals which T have examined, ()

(") Transactions of the Odontological Society, Dec. 1874, —

* Studies on
the Attachment of Teeth,*
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however, I have found that this conception does not at all
adequately represent what really takes place ; it seldom,
perhaps never, happens that a tooth is attached directly to
a plane surface of the jaw which has been formed pre-
viously ; but the union takes place through the medium of

Fig. 80.(Y)

a portion of bone (wh ich may be large or small in amount)

which is specially developed to give attachment to that one
particular tooth, and after the fall of that tooth is itself
- removed. ; '

For this bone I have proposed the name of “bone of
attachment,” and it is strictly analogous to the socket of
those teeth which have sockets. It is well exemplified in
the Ophidia, a description ot the fixation of the teeth of
which will serve to convey a good idea of its general cha-

(1) Seetion of tooth and a portion of the jaw of a Fython, showing the
marked differenee in character hetween the bone of attachment and the

rest of the bone.

it e o

g I.""Li'l.



THE DEVELOPMENT OF THE JAW, 191 °

ricter. If the base of one of the teeth, with the subjacent
jaw-bone, be submitted to microscopic examination we
shall find that the layer of bone which closely embraces the
tooth contrasts markedly with the rest of the bone. The
latter is fine in texture, its lacunee, with their very numerous
fine canaliculi, very regular, and the lamination obviously
referable to the general surface of the bone. But the “ hone
of attachment” is very coarse in texture, full of irreguldr
spaces, very different from the regular lacunze, and its lamin-
ation is roughly parallel with the base of the tooth. The
dentine of the basé of the tooth also bends imwards (fig. 80),
and its tubes are lost in the osseous tissue, a blending so
intimate resulting, that in grinding down sections the
tooth, with its bone of attachment, often come away to-
gether, the tooth and this bone being more intimately united
than this special bone and that of the jaw,

A study of its development also proves that it has an in-
timate relation with the tooth with which it is contimuous,
for it is wholly removed with the fall of the tooth, and is
specially developed again for the next tooth’ which comes
into position. The periosteum of the rest of the Jaw-bone
appears to take an important share-in the formation of this

- special Hone substanee, and the tooth capsule, by its gssifi-
-cation, apparently contributes little,

In the frog the teeth are commonly deseribed gs being.
. attached by their bases and outer surface to a continyous
groove, of which the external wall is the highest. Such is,
however, an. inadequate description of the Process, the
tooth, as seen in section, being attached on its outer side 1

a new development of special bone, which extends

for a
short distance up over its external surface ; and for the

support of its inner wall there Springs up from the syh.
Jacent bone a pillar of bone, which is entirely’ removed
when the tooth falls, a new pillar being developed for the
next tooth,

When the teeth are, ag in many. fish, implanted up.nn
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what to the naked eye appears nothing more than a plane
surface of bone, a microscopic examination generally, in
fact in all specimens which I have examined, reveals that the
individual tecth are implanted in depressions much larger
than themselves, the excess of space being occupied by new
and specially formed bone, or else that the teeth surmount
pedicles, which are closely set together, the interspaces being
occupied with a less regular calcified structure,

A good example of the latter method is afforded by the Eel
(Fig. 81), in which each tooth surmounts a short hollow cy-
linder of bone, the lamination, &e., of which differs strongly

Fig. 81. ()

from that of the body of the jaw-bone. When the tooth which
st earries is shed, the bone of attachment, in this case a hollow
cylinder, 1s removed right down to the level of the main
bone of the jaw, as is well seen in the figure to the left of
the tecth in position. Under a higher magnifying power

(1) From lower jaw of an Eel. a. Bone of jaw. b. Bone of attachment.
4. Dentine. f. Enamel. g. Space vacated by a shed tooth,

e —
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L
the bone at this point would be found to be exeavated by
“ Howship’s’ lacung.” As an anchylosis, the implantation
of the teeth is less perfeet than that of those of the snake,
for the dentinal tubes at the base of the tooth are not

Finr. 82. (1)

T
ok

deflected, and do not in any sense blend with the bone
beneath them. Accordingly, the teeth are far less firmly
attached, and break off quite readily. -

A transition towards the soeketed type of implantation is
furnished by some of the cod tribe. In the haddock, for
example, the teeth surmount hollow cylinders of “ bone of
attachment,” resembling in many particulars those of the
eel ; the teeth do not, however, simply surmount the bony
cylinders, but are continued for a short distance within
them, definite shoulders being formed which rest on the
rims of the eylinder, The base of the tooth does not, how-
ever, contract or taper any more, and is widely open, so that
it cannot be considered that any close approximation to a

(") From lower jaw of a Haddock. . Bone of jaw. b Bone of attach-
ment. d. Dentine of tooth, :

0



194 A MANUAL OF DENTAL ANATOMY,

root is made. The pulp cavity of the tooth becomes con-
tinuous with the cavity of the osseous cylinder, into which
it is for a short distance continued.

The bony supports of the teeth originate in many osseous
trabeculae which spring up simultaneously from the bone of
the jaw beneath the new tooth ; these coalesce to form a
net-like skeleton, which rapidly becomes filled in by the
progress of ossification. So far as my own researches enable
me to say, there is this much in common in all forms of
attachment by anchylosis, no matter how different the
naked eye results of the process may be ; the tooth, as it
comes into position, is secured by an exceedingly rapid
development of bone, which is more or less directly an
outgrowth from the jaw-bone itself, which is in some un-
seen manner stimulated into activity by the proximity of the

tooth. In amount this specially formed bone varies greatly,

but in all instances it is net the tooth capsule, but tissues
altogether external to this, which serve to secure the tooth
in its place by their essification.

Attachment by implantation in a socket.—In this, as in
anchylosis, there is a special development of bone, which is
modelled to the base of the tooth, but instead of its being
in actual close continuity with the dental tissues, there
intervenes a vascular organised membrane. The manner
in which the sockets are, so to speak, plastered around the
roots of the teeth, and are perfectly subservient to and
dependent on them, has already been described ; little,
therefore, need be added here, save that the soft tissue
intervening between the bone and the tooth is not sepa-
rable, either anatomically or from the point of view of
development, into any two layers, but is a single mem-
brane, termed the “ alveolo-dentar periosteum.” That it is
single, is a matter of absolute certainty ; there is no difficulty
in demonstrating it n sitw, with vessels and bundles of
fibres traversing its whole thickness from the tooth to the
bone, or vice versd,

il e i o
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The nature and the development of the sockets in those
few reptiles and fishes which have socketed teeth require
further examination. I am not, from what I have seen in
sections of the jaws of a yonng crocodile, inclined to regard
them as in all respects similar to the alveoli of mam-
malian teeth., At all events they are not developed in
that same subserviency to each individual tooth ; on the
contrary, successive teeth come up and occupy a socket
which is already in existence.

Although there are animals in which implantation in a
spurious socket is supplemented by anchylosis to the wall or
to the bottom of thesocket, no example of anchylosis oceur-
ring between the tooth and the bone of the socket has ever
been met with in man, or indeed in any mammal exem-
plifying a typical socketed implantation of the teeth,



CHAPTER VI.

THE TEETH OF FISHES.

In the following pages nothing more than a brief
acconnt of a few typical forms can be attempted ; the
limits of space forbid the mention of many creatures, or
the insertion of detailed descriptions of the dentition even
of the few which are selected. In the class of fish the
task of selection of the forms for description is no easy
one ; for the almost infinite diversity of dentition which
exists in the class makes it a matter of peculiar diffi-
culty to frame any general account, or to do more than
present before the reader descriptions of a few individual
torms from which he may gather, as best he can, a general
idea of piscine dentition.

Fish may be grouped into—

1. PHARYNGOBRANCHIL ; IV. GANOIDEL
TI. MARSIPOBRANCHIL. ' V. TELEOSTEL
T111. ELASMOBRANCHIL. ! VI. Dipxor.

L]

1. Pharyngobranchii comprise only the Amphiorus.
1. Marsipobranchii comprise the Lampreys and the parasitic
Myxjne.

1II. Elasinobranchii comprise the Sharks and Rays ( Plegiostom?)
and the Chimera and its allies (Holocephali,) Their
skeletons are cartilaginous, with an ossified crust.

IV. Ganoidei. A large number of extinet fish—of existing fish
the Lepidosteus, or Bony Pike, is the most familiar.
V. Telcostei comprise the ordinary Fish of our seas and rivers.

VI. Dipnoi, The Lepidosirens, or Mud Fishes, capable of living
for a long time in moist wud.
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The Marsipobranchit need not detain us long ; they are
destitute of true calecified or dentinal teeth, the armature of
the mouth consisting of horny cones or serrated plates.

The parasitic Myxine, which is found in the interior of
other larger fish, is furnished with a median ciurved conical
tooth, of horny consisténcy, which is believed to act as a
holdfast, while the serrated edges of the horny plates upon
the tongue are brought into play in horing a way into
the interior of its host.

The concave eircular disc which surrounds the mouth of
the Lamprey is covered with concentrically disposed horny
teeth, of simple conical form ; in addition to these there
are lingual and palatal horny plates.

The dentitions of the Plagiostomi present rather more of
simplicity and uniformity of plan than do those of miost
fish, and it will hence be convenient to describe their teeth
first, although in most respects they stand at the head of
the class, and present many indications of aflinity with the
Batrachia.

In the Plagiostomi the mouth is a transverse, more or less
- curved fissure, opening upon the under surface of the head
at some little distance hehind the end of the snout. Henee
it is that a shark in seizing its prey turns over upon its
back, or at all events upon its side,

The jaws, which are made up of the representatives of the
palato-quadrate arch, and of Meckel’s cartilage, neither true
maxillee nor premaxille being present, are cartilaginous in
the main (although covered with a more orless ossified crust),
and therefore shrink and become much distorted in drying,
The shape of the jaws differs in the various groups of
Plagiostomi, in some each of the two Jaws being a tolerably
perfect semicircle, while in others they are nearly strai aht
and parallel to one another (see fig. 83 and fig. 87), but in all
the rounded working surface of the Jaw is clothed or

encased by teeth, which are arranged in many paralle]
concentrie rows,
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The teeth which are situated upon the edge, or exposed
horder of the jaw, are usually erect, whilst the rows which
lie behind them, farther within the mouth, point back-
wards, and are more or less recumbent, not having yet
come into full use.

In this respect, however, marked difference exists among
varions genera of sharks ; for instance in the great tropical
white shark the teeth which lie on the border of the jaw
are erect, and all the successive rows are quite recumbent,
whereas in many of the dog-fishes the inner surface of the
jaw forms an even rounded surface along which the rows of

Fg. 85.()

teeth are disposed in every intermediate position between
those fully recumbent at the innermost part of the jaw, and
those fully erected upon its exposed borders. Only a few
of the most forward rows of teeth are exposed, a fold or
flap of mucous membrane covering in those teeth which

(1) Lower jaw of Lamna. a. Mdge of flap of mucous membrane which
covers in the teeth not yet comj leted. :
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are not as yet fully calcified and fixmly attached to the
gum. -

In Lamna, which may be taken as fairly illustrative,
the teeth are arranged round the jaws in concentric
rows with great regularity, the teeth of the successive
rows corresponding in position to the teeth of older

Fig. 85 (")

rows, and mnot, as is the case in some other sharks, to
their interspaces. They are attached by being imbedded
in a densely fibrous gum, which closely embraces their

(!) Transverse section of lower jaw of a Dog-fish, a. Oral epithelium.
. Oral epithelium passing on to flap. e Protecting flap of mucous mem-
irane (thecal fold). . Youngest dentine pulp. e Youngest cnamel organ.
1. Tooth about to be shed. g. Caleified crust of jaw.
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Lifurcated bases; and this dense gum, carrying with it the
teeth, slides bodily upwards over the inner face of the jaw,
and outwards over its border, beyond which it, to horrow a
phrase from geological science, has an “ outerop.”

In Lamna the second and third rows of teeth are only
partially erect, the rows behind these lying recumbent,
and being in the fresh state covered_ in by the fold of
mucous membrane, which, being dried and shrunk in the
specimen figured, falls short of its original level.

Thus rows of teeth originally developed at the base of
the jaw are carried upwards, come to occupy the fﬂI‘EIllﬂBl:
position on the border of the jaw, and are cast off When
they pass the point f in the figure. It is thus easy to under-
stand why sharks’ teeth are so abundantly found in a fossil
condition, although other indications of the existence of the
fish are rare enough ; for every shark in the course of its
life casts off great numbers of teeth, which fall to the
bottom of the sea and become bedded in the deposit there
forming.

The teeth are never anchylosed to the jaw, nor have they
any direct connection with it, but, as before mentioned, are
retained by being bedded in a very tough fibrous mem-
brane ; the nature of their fixation has been more exactly
deseribed at another page (page 188).

The sheet of fibrous gum slides bodily over the curved
surface of the jaw, continually bringing up from below
fresh rows of teeth, as was proved by Andre’s specimen ;
and it may be worth while to condense from Professor
-Owen the description of the manner in which it was thus
proved that an actual sliding or rotation of the membrane
does really take place, and that the whole bony jaw itself
does not become slowly everted. The spine of a sting ray
had been driven through the lower jaw of a shark (Galeus),
passing between two (vertical) rows of teeth which had
not yet been brought into use; when the specimen came
under observation the spine had remained in this situation,

e
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transfixing the jaw, for a long time, as was evidenced b}'_ﬂll
the teeth of these two 10ws, both above and below it, being
stunted and smaller than their neighbours. :

Hence the development of these teeth, which ultimately
came to be at some little distance from the spine, had been
profoundly modified by its presence, and it is difficult to
understand in what manner this could have affected them
had they mnot, at an earlier period of their growth, lain in
more immediate proximity to it. But if the membrane,
with the teeth attached, does moveslowly along the surface
of the jaw, this ditficulty at once disappears.

The forms of the teeth in various sharks ave different
and characteristic ; nevertheless they vary somewhat with
age in some species, and present differences in size and
form in the upper and lower jaws, orin different parts of the
mouth of the same individual.- For instance, in Lamna, In
the upper jaw, the third teeth of each row, counting from
the middle line, are very small, while in both jaws there 15
a gradual diminution in the size of the teeth towards the
back of the mouth. :

Thus, although it is often possible to refer a particnlar
tooth to its 1ight genus or even species, much care is re-
(uisite in so doing.

The teeth of the bloodthirsty white shark (Carcharias)
are triangular flattened plates, rounded on their posterior
aspect, with trenchant slightly serrated edges ; it 1s
pointed out by Professor Owen that if the relation between
the size of the-teeth and that of the body were the same
in extinet as in recent sharks, the dimensions of the tecth
of the tertiary Cacharodon would indicate the existence of
sharks as large as whales.

The intimate relationship between the teeth and the
dermal spines, which from the standpoint of development,
has been illustrated at page 2 and page 109, is apparent
also in their histological structure. There are many
‘dermal spines to be met with in the sharks, which seen
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alone could mot possibly be distinguished from teeth, the
resemblance both in outer form and in minute structure
being most complete. The tooth figured on page 77 is a
fair example of a structure very common among the
sharks, viz., a central body of vaso-dentine, the outer
portion of which has dentinal tubes so fine, regular, and
closely packed as to merit the name of hard unvascular
dentine, and over this again a thin varnish of enawel.

In the seas of Australia there exists a Shark, the
Cestracton Philippi, with a very aberrant dentition, to

which great interest attaches, inasmuch as it 1s the sole
surviving representative of forms once spread all over the
world., In the front of the mouth the teeth are small and

(1) Lower jaw of Cestracion Philippi. @ Young teeth not yet in use.
5. Large grinding back teeth. ¢. Small pointed front teeth.

The new teeth are developed at the bottom of the geries on the inner
gide, and, just as in other sharks, are covered in by a flap of mucous mein-
brang.

R e ——
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very numerous ; they are flat plates fitted by their edges
to one another, while frcm their centres gpring up
sharp points, soon worn off when the tooth reaches such a
position upon the jaw that it comes into use.

Proceeding backwards, the teeth cease to be pointed,
increase in size, and become fewer in each row ; a reference
to the figure will convey a better idea of their general form
than any description. Those which have come into use
are, towards the back of the mouth, always much worn ;
their shedding and renewal takes place, as in other sharks,
by a rotation of the mucous membrane over the surface of
the jaw, so that, as might have been expected, large num-
bers of the isolated fossil teeth of cestracionts are to be met
with.

The teeth of the Cestracion are fitted for the trituration
of hard substances, and for such they are used, its food
consisting of shell-fish, &e. The teeth consist of vaso- and
osteodentine, protected by what is apparently a structure-
less layer of enamel,

The extinet cestracionts extended far back in time, being
met with in paleozoic strata, and they were equally widely
distributed in space ; the size of many of the teeth also
indicates the existence of forms much larger than the recent
timid and inoffensive Cestracion Philippi. Many of the
extinet forms are known only by isolated teeth ; of others,
portions of the jaw with teeth n sutu have been dis-
covered ; thus fragments of the jaw of Acrodus, the iso-
lated fossil'teeth of which have been compared to fossil
leeches, with seven teeth arranged in series, have been
met with,

The Pristis, or Saw fish, so far as the mouth is con-
cerned, is in no way remarkable, its teeth being small and
blunt, like those of many rays. The snout is, however,
prolonged to an enormous length, and is shaped like a
gigantic spatula, its thin edges being beset by dermal spines
of large size, arranged at regular intervals, and implanted
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Fig. &6 (1) in distinet sockets, These dermal
spines, or rostral teeth, as they are
sometimes termed, are not shed and
replaced, but grow from persistent
pulps; in structure they -closely
resemble the teeth of Myliohates (see
page T76), being made up of parallel
denticles, in the centre of each of
which is a pulp cavity or medullary
canal.

What use the Saw fish makes of
its armed snout is not very certainly
known, but its rostral teeth are of
interest tothe odontologist for several
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Kl reasons—the one that they are der-
mal spines, having a structure all but
'1'_.:',.:’; ,;IJ = identical with that of the actual
H e teeth of another ray, the Myliobates ;
"'"1\;'1 another, that they are socketed, a
',,1:11"' manner of implantation not at all
ok . common amongst the teeth of fishes,
[ ERL 'i'ﬂ 1 and yet another, that they grow
;;" gH from persistent pulps, also unusual

ﬂ '_-f{{ll_j}.' ! in fishes.
ST Broadly speaking, the teeth of the
if. i Rays (skates) differ from those of
ﬁ. . typical sharks by being individually

blunter, and being more closely set
/ so that they form something ap-
g W< W\ proaching to a continuous pavement

B = ; over the jaws, with but little inter-
e space left between the teeth,
e o,

(") Rostrum and under side of the head of a small Pristiz. a. Mouth.

b Rostrum. ¢, One of the rostral teeth. :
The teeth, with which the margins of the jaws are eovered, are so small

that they cannot be represented in this figure.
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The dentigerous surface of the jaw is very much rounded,
and in some is completely encased umder a pavement of
teeth. Thus, in Myliobates, the powerful jaws are straight
from side to side, while their working surfaces from back to

Fig. 87. (1)

front are segments of a circle. The teeth form a thick
and strong pavement over the jaws, in the manner of their
formation and renewal conforming with the teeth of other
Plagiostomi ; the severe use to which they are put being
indicated by the extent to which the grinding surfaces of
those teeth which have come into use are worn down,
Several genera have the jaws thus covered, the number

(1 Upper and lower jaw of Mylickates. At a, the mosaic pavemenc
formed by the broad flattened plates which constitute its teeth is seen
these being the oldest teeth which are about to be shed off in musm;nem-e‘
of the rotation of the whole sheet of muecous membrane over the surfa;-u
o the jaws: * The: lettar ) indinatent iy wnder: sazfics of one of the
plates, which is seen to be finely fluted on its edge. '
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of the teeth differing ; thus Myliobates has a central series
of very broad, oblong teeth, to the outer sides of which are
three Tows of small hexagonal teeth ; in (Kifobatis the large
oblong central plates constitute the whole armature of the
jaw.

The structure of the teeth of Myliobates has already been
described and figured (see page 76).

The Teleostei, or osseous fish, form the group which com-
prises all the fish most familiarly known to us, and within
its limits the variation in dentitions is so great that few, if
any, general statements can be made about them. It is not
uncommon to find teeth crowded upon every one of the
bones which form a part of the bony framework of the
mouth and pharynx, and the teeth are somefimes in count-
less numbers. And so great is the variability that even
within the limits of single families differences in the teeth
are to be found.

In the common pike the mouth is erowded with sharply-
pointed teeth, having a general inelination backwards,
and being in some parts of the mouth of larger size than
in others. The margin of the lower jaw is armed with
tooth of formidable size and sharpness, the smallest teeth
being at the front, where they are arranged in several rows,
and the largest being about the middle of the side of the
jaw. A pike, as is well known to anglers, when it has
ceized a fish holds it across its mouth, thus piercing and
retaining it by means of these largest teeth ; then, after
holding it thus for a time, and so maimed it and lessened
its power of escape, it swallows it, generally head foremost.
The tenacity of the Pike’s hold is often illustrated when it
takes a bait, and retains it so firmly that when the angler
« gtrikes” the hooks do mnot get driven into the fish’s
mouth ; but after tugging at the bait for a time the pike
releases it, and the angler finds that it has never been

hooked at all.
The margin of the upper jaw is not bordered by tecth,
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save at the front, where the intermaxillary bones carry a
few teeth of 11151frn1f1La11t dimensions ; and it is rather excep-
tional for the true maxillary bones to carry teeth in osseous
fish. The roof of the mouth presents three wide parallel

bands of teeth, those in the median band {(on the vomer)
being directed backwards, those upon the lateral bands (on
the palatine bones) backwards and inwards., Some of the

latter teeth are very large, but not quite so large as in
those at the sides of the lower jaw,

(1) Jaws of a Pike, viewed from the front, with the mouth opened more
widely than is natural, so as to bring the teeth into view. a. Group of
teeth situated on the palatine bone. b Group of teeth situated on
the vomer. ¢. Group of teeth situated on the lingual bone, d. Specially
large teeth, placed at intervals round the margin of the lower ]aw £
Group of teeth on the intermaxillary bones.
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The lingual bone, and the three median bones behind it.
carry small teeth arranged in oblong patches ; the internal
surfaces of the branchial bones (which support the gills)
are armed with similar small teeth ; while the last or fifth
branchial arch (which carries no gills, the bones forming
it being called inferior pharyngeal bones,) carry larger
teeth, The superior pharyngeal hones (which are median
portions of the four anterior branchial arches) also carry
recurved teeth larger than those which line the rest of the
internal surfaces of each of the branchial arches.

The pike’s mouth and pharynx thus fairly bristle with
teeth, all directed somewhat backwards ; and any one who
has been unfortunate enough to have allowed his fingers
to get entangled in the mouth of a living pike will realise
how small a chance its living prey has of escape, when once
it has been seized.

The teeth of the pike are composed of a central body of
vaso-dentine, on the outside of which is a layer in which
the dentinal tubes are directed towards the surface, as
in hard or unvascular dentine; while the outermost
portion of all is a very dense and hard, and apparently struc-
tureless, enamel film. The teeth are anchylosed to the
hone, and are very frequently renewed, their successors
being developed at one side of their, bases.

Though the Pike has rather more teeth than many other
fish, it may be taken as a fair example of most osseous
fishes in this respect. Space will only allow of a few
of the more exceptional forms being here described.

The angler (Lophius piscatorius), a predatory fish, with
an enormous mouth and disproportionately small body and
tail, lies hidden in the mud, or crouched upon the
Lottom, and makes a rush upon smaller fishes which ap-
pr{mch sufficiently near to it ; it 1s remarkable for the
manner of attachment of the teeth, some of the largest of
which upon the edges of its jaws do not become anchylosed,
but are so attached, as has been described at page 188, as to

S
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allow of their being bent inwards towards the mouth, but
not in the oppesite direction. The benefit of such an
arrangement, met with in no other animal, to a fish of its
habits, is sufficiently obvious ; its teeth allowing of the
utmost freedom of entry, but offering obstacles to anything
getting out again, and so constituting a most efficacious trap.

Another curious dentition is possessed by the Woll-fish

Fig. 89. (1)

(') Bones of the mouth of the Wolf-fish (Anarrhicas lupus). The letter
@. indicates the divergent pointed teeth which occupy the intermaxillary
bone; the letter d indicates the similar teeth which are attached to the
front of the mandible, on the middle and back parts of which are round-

tng.pe_d crushing teeth (¢). Strong crushing teeth are found also upon the
palatine bones (&), and upon the vomer (c).

P
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(Anarrhicas lupus), also an inhabitant of British waters,
and sometimes to be seen in London fishmongers’ shops
under the name of the sea cat. The intermaxillary teeth
are conical, bluntly pointed, and set forwards and outwards ;
these are antagonised by somewhat similar teeth in the
front of the lower jaw. The palatine bones carry short
Bluntly conical, or round topped crushing teeth in a double
row ; the vomer is also armed with a double row of very
much larger and shorter teeth ; the lower jaw, with the
exception of its anterior part, is oceupied by teeth of
similar character. : .

All of the teeth of the Wolf-fish are anchylosed slightly
to the bone, a definite process from which forms a sort of
short pedestal for each tooth. The jaws are worked by
muscles of great power, and it seldom happens that a
specimen is examined in which some of the teeth are not
broken. It feeds upon shell fish, the hard coverings of
which are crushed by the blunter teeth, while the pointed
front teeth apparently serve to tear the shell fish from
the rocks to which they are commonly attached.

In the group of fish known as “ (Gymnodonts ” (naked
toothed), the teeth and the margins of the dentigerous
bones form a sort of beak, which is not covered by the lips.
The example here figured consists of the upper and lower
jaws of the Diodon, so called because it appears to casual
observators to have but two teeth. A kindred fish in
which the division of each jaw in the middle line 1s con-
spicuous, is similarly called Tetrodon. The jaw consists of
teeth and bone very intimately fused together ; the broad
rounded mass (c in the figure), which lies just inside the
margin of the jaws, is made up of a number of horizontal
plates of dentine, the edges of which crop out upon its
posterior surface ; and these are united to one another by
the calcification of the last remains of the pulp of each plate
into a sort of osteodentine, the different hardness of the
two tissues keeping the surface constantly rough, as the plates

e — e e——
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become worn away. The whole margin of the jaw is simi-
larly built up of smaller horizontally disposed denticles, or
plates of dentine, which are, as they wear down, replaced
by the development of fresh plates, which are added from
beneath, where they are developed in cavities situated low
down in the substance of the bone.

The new teeth or plates of dentine thus formed at the
base of the hemispherical masses within the jaws (at the
point «), or low down in the substance of the jaw, do not
come into use by the ordinary process of displacing their
predecessors, and being in turn themselves replaced, but
fresh plates only come into use by the actual wearing away
of all that is above them, both dentine and hone, so that
they come to be the topmost portion of the jaw, The
margins of the jaw are, however, mainly built up of dental
tissues, there being but little bone in their interspaces.

(1) Jaws of the Diodon. a. Base of the dental plates, where new lamells
of dentine are being developed. b Margin of jaw, formed mainly by the

sides of the denticles. ¢, Compound tooth, made up of the superimposed
lamells of dentine anchylosed together,

P 2
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Tetrodon has not the ronnded triturating disk of the
Diodon, or has it but feebly represented ; and the margins
of the jaws are sharper. In a section of a Gymnodont jaw
in my possession, probably of a Triodon, the margin of the
jaw is exceedingly sharp, and its sharpness is preserved in
a similar manner, but by an arrangement still more
beautiful. Instead of the denticles which form the margin
of the jaws being squarish, as in Diodon, in this fish they
are conical, and form a series of superimposed hollow
cones with the points upwards. These are imbedded in
the bone, and the working edge is formed by the topmost
denticle of the series. This is itself pointed, and has
enamel so thick as to be in quantity quite disproportionate
to the amount of the dentine, The bone in front of, and
behind the denticle, being much softer than this is, wears
down faster, leaving the sharp denticle always prominent ;
and when it has worn down to a certain point, that denticle
falls off from lack of support, and the mext one below it
is exposed. The arrangement reminds one of the way in
which a scythe or a chisel is assisted in keeping its edge by
being made of a plate of steel enclosed between two plates
of softer iron ; or the jaw might be compared to a sand-
wich set up edgeways, the inner series of denticles being
interposed between the two thin plates of bone.

In the Parrot-fish (Scarus), which has a somewhat
similar beak, the individual teefh are more conspicuous.
The whole outer surface of the jaw is covered by a sort of
tesselated pavement, formed by the several teeth which are
pressed together into a mass, but they form only the outer
surface and the immediate edge, so that the soft bone forms
a part of the working surface, or would do so but that, by
its more speedy wear, it leaves the edge, formed by dentine
and enamel, always prominent and more or less sharp.

In the Parrot-fish the two lower pharyngeal bones are
anited into one, and the stout hone so formed is armed with
crushing teeth ; 1t 1s antagonised by two upper pharyn aeal




THE TEETH OF FISHES. 213

bones, similarly armed. It carries teeth which are anchy-
losed to it, and which are so disposed as to keep the surface
constantly rough, When they are freshly formed the teeth
have flattened thin edges, something like human incisors.
The teeth are coated with enamel, and thus, when calcifi-

Fig. 91. (M)

cation has proceeded so far as to obliterate their central
pulp cavities, when the tooth is worn to a certain point
(¢ in Fig, 91) it presents a ring of enamel, inside which
comes a ring of dentine, and inside this a core of bone,
as seen in the figure. Owing to the different hardness
of the three tissues a constant roughness of surface is main-
tained. The upper pharyngeals are similarly armed ; and as
the teeth and the supporting bone wear away, fresh teeth
are developed at the back, so that the whole upper pharyn-
geal undergoes a sort of gliding motion backwards, the
armature of the lower pharyngeal being remewed in a
similar manner, save that new teeth and hone are de-
veloped at its posterior instead of its anterior extremity.
No more fitting place will oceur for noticing the stout
pharyngeal teeth which are met with in so many fish.

(*) Lower pharyngeal bone of Searus. . Posterior border, at which the
teeth are unworn ¢, Oval areas formed by teeth, the points of which are

worn off. b Anterior edge of bone, at which the teeth are almost com-
pletely worn away.
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Some fish, which are edentulous so faras the mouth 1s con-
cerned, have the pharyngeal bones armed with teeth ; in
the carp and its allies, edentulous so far as the mouth
proper is concerned, the two lower pharyngeal bones carry
long pointed teeth, which partly oppose one another, and
partly oppose a sort of horny tubercle, which is sup-
ported on a process of the base of the occipital bone.

A few fish are quite without teeth ; the sturgeon, whose
month forms a protrusible sucker, is edentulous, as are also
the pipe fish, and the little sea horse (Hippocampus), now
S0 common in aguaria.

But as a rule fish are remarkable for the great number of
their teeth, which are being constantly shed off and replaced
by successors an indefinite number of times.

In all the fish hitherto mentioned in these pages, it
happens that the teeth in different parts of the mouth differ
in size and in the function which they have to perform ;
but this is only so because striking forms are naturally
selected for description. It is far commoner for all the
teeth of fish, particularly of those fish which have count-
less numbers of teeth, to be very nearly alike in form and
size in all parts of the mouth, Asa general rule, fish do
not comminute their food very fully, but make use of their
teeth simply for the prehension of prey, mot submitting
the food to any mastication whatever ; their teeth are hence
often mere sharp cones, slightly recurved, or set looking
hackwards. Thus, though the mouth of the common pike
is beset with an immense number of sharp teeth, its food
is swallowed whole, and very often is alive when it reaches
the stomach, the sole purpose served by the teeth being the
prevention of its escape when once 1t has been seized.

Implantation of the teeth in sockets is not usual in the
class of fish, but it does occur : for example the Barracuda
pike (Sphyrena) has its lancet-shaped teeth implanted in dis-
tinet sockets, to the walls of which they are said to become
slightly anchylosed ; the file-fish and others might also be

SR A
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cited. And although the succession of teeth is usually
from the side, in some cases the successional teeth are
developed in alveolar cavities within the substance of the
bone, and displace their predecessors in a vertical direction,
as happens in the pharyngeal teeth of the Wrasses, or the
curiously human-looking incisors of the Sheep’s-head fish
(Sarqus); the Lepidosteus also has its teeth affixed in
incomplete sockets, to the walls of which they are anchy-
losed ; this is not a very unconunon arrangement with the
teeth of fish when they are socketed at all.

The teeth of fish are of all degrees of size and of fine-
ness ; in some (Chetodonts) the teeth are as fine as hairs,
and are so soft as to be flexible.

Teeth which are very fine and very closely set are
termed “ dents en velours ;” when they are a little stouter,
¢ dents en brosse,” and when still stronger and sharper,
¢ dents en cardes” Teeth that are conical, wedge-shaped,
spheroidal, and lamelliform, ave all to be met with ; in fact
there is infinite diversity in the form of fishes’ teeth.

And there are some fish, e.g., some of the large Siluroid
fishes, which have very strong, large teeth, an inch and a
half or more long, and very firmly anchylosed to the bone.

It is not common for sexual differences to be met with
between the teeth of the male and female, though a slight
difference exists between the sexes in some species of
Skate. And although not strictly speaking a dental
character, it may not be out of place to mention here the
peculiar armature of the jaw of the male Salcon at the
breeding season.

The end of the lower jaw becomes produced, and turned
upwards at its point; the stout cartilaginous hook thus
formed is of such dimensions that it has to be accom-
modated in closure of the mouth in a deep cavity formed
for it between the intermaxillary bones. In some Canadian
salmon this process is supposed to be constant in the older
males, but in the British fish it disappears, and only exists
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at the breeding season. A fish in which it is strongly
developed is a foul fish, and is called a Kelt. It is used
apparently as a battering ram, and such salinon are con-
stantly found killed, with their sides deeply gashed by the
charges of their opponents,

Not much can be said in general terms of the structure
of the teeth of fish. The bulk of the teeth of most fishes
is made up of one or other modification of vasodentine ;
this is often glazed over upon its exterior by a thin film of
enamel, so thin as often to appear structureless.

Unvascular dentine also forms the teeth of many fish,
and in some is remarkable for the fineness of its tubes ; in
fact, every form of dentine, from fine-tubed hard dentine
to tissue undistinguishable from coarse bone is to be found
in this class.

Dentine of very complex structure (labyrintho-dentine)
is met with in some fish ; and an example from the Lepi-
dosteus (American garpike, a ganoid fish) has been figured
at page 82, :

Enamel is often present in a very thin layer, glazing the
exterior of the dentine (see Fig. 38) ; sometimes it forms a
mere tip, a sort of spear-point to the tooth as in the Eel
(see Fig. 81), and sometimes it is very thick, and itself
permeated by systems of tubes (see Fig. 24).

Cementum is of comparatively rare oceurrence in fish,

Professor Koélliker has shown that in a very large
number of fishes the skeleton more nearly resembles
dentine than true bone in its structure ; whilst the dermal
scales and protective spines of fish are often made up of a
tissue much resembling dentine (cf. Professor Williamson,
Philos. Trans. 1849). 'We may say, then, that just asin the
external skin, bony or dentinal plates are developed for the
purpose of protecting it from destruction by attrition, so
for a similar purpose teeth are developed in that portion of
the mucous membrane which covers the jaws.

Near the borderland between fish and amphilia is the
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Lepidosiren, or Mud-fish, which is a fish rather than an
amphibian, The armature of its mouth is peculiar, the
margins of the lower jaws being formed by dental plates
anchylosed to the bone, These plates have upon their
edges five deep angular notches, the prominence of the
upper plate corresponding to the notches of the lower ;
and the edge is kept somewhat sharp by the front surface
being formed of very dense hard dentine, while the bulk
of the tooth is permeated by large medullary canals, which
render it softer. The cutting plates of the upper jaw are
developed in the median line of the palate, and there are
in front of them conical piercing teeth upon that forward
prolongation of the cartilage which takes the place of a
distinet vomer ; these have sometimes been described as
being upon the nasal bone.

It would seem that the two conical piercing teeth serve
as holdfasts, while the cutting edges of the deeply-notched
plates are brought into play to slice up the food.

Both in structure and general disposition the dental
plates of Lepidosiren ave paralleled by the teeth of Cerg-
todus, for some time known only as a fossil, but of which
recent examples have been captured near Queensland.!

(1) This resemblance was suspected some years ago by my friend, Mr.

Moseley, now of the Challenger scientitic staff ; it has since been worked
out by other observers,



CHAPTER VII.
THE TEETH OF BATRACHIA AND REPTILES.

Ix these classes the teeth are never so numerous nor so
widely distributed upon the bones of the mouth as in fish ;
a double row of teeth arranged in concentric lines in the
upper jaw, between which a single row of teeth upon the
lower jaw passes when the mouth is closed, 1s an arrange-
ment rather common amongst Batrachia. Almost all
Batrachians and Reptiles have. an endless succession of
teeth ; but there are a few lizards (e.g. Hatteria), n which
the manner of succession, if there be any, has not beer
definitely ascertained. The outer of the two rows of teeth
in the mpper jaw is situated upon the premaxillary and
maxillary bones, and usually extends further back than
the vomerine or inner row.

From this type of dentition there are many deviations ;
thus the toads are edentulous, and the frog has no teeth in
the lower jaw,

The teeth of the frog form a single row upon the margin
of the upper jaw, their points projecting but little above
the surface of the mucous membrane, and the vomerine
teeth are few in number and cover only a small space.

The edentulous lower jaw passes altogether inside the
row of upper teeth, and, itself having rounded surfaces
and no lip, fits very closely against the inner sides of the
teeth. Thus it leaves very little room for the young
developing tooth sacs, which are accommodated with the
space required for the attainment of their full size, by the
absorption of the older solid bone and the tooth which
has preceded them, in the following manner, The teeth
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are attached to the bone by anchylosis, each tooth being
perched upon a little pedestal of bone which is specially
formed for it; and the successional teeth, the germs
of which originally lay at the inner sides of the old
teeth, commonly undermine the side of the pedestals and
the bases of the latter, and move bodily beneath them, so
that the new tooth completes its development in what was
once the pulp cavity of its predecessor.

The teeth of the frog consist of a body of hard dentine,
coated with an exceedingly thin layer of enamel, the
existence of which has been doubted by some writers ; but
a study of the tooth sac of the animal renders it probable
that the transparent layer which is undoubtedly there 1s
really enanel.

The teeth of the newt and its ally the salamander are
remarkable for having tips of enamel, somewhat like those
of the eel (see Fig. -81), save that they are bifurcated, the
one point being larger and longer than the other.

The tadpole has its jaws armed with tough horny plates
something like a turtle’s bill, which are shed off, prior to
the development of any true teeth ; at all events I have
myself been unsuccessful in discovering any tooth germs aft
the period when its horny bills are still in use.

Some extinet batrachia were of large size; the Laby-
rinthodon, the structure of whose teeth has already been
described (page 84), was furnished with a marginal row
of teeth in the upper jaw, of which some few were of
larger size and greater length than the others, In the
lower jaw, the teeth, which are similar to those of the
‘upper, are disposed in some sense in an incomplete double
row, the series of smaller teeth not being interrupted by
the occurrence of the laxger tusks, but passing in unbroken
series outside them, The labyrinthodon was possessed
also of palatine teeth,

The teeth were anchylosed to slight depressions or
sockets, and the successional teeth were probably deve-
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loped, as in the frog, at the inner side of the bases of the
teeth already in position, as there are no indications of
crypts within the bone.

The CHELONIA, comprising the Tortoises and Turtles,
have no teeth, but the margins of the jaws are sheathed
in horny cases, which are variously shaped in accordance
with the habit of the animal, being sharp and thin edged
in earnivorous, and blunt and rugged in herbivorous
species.

SAURIAN reptiles (lizards, &e.), have, as a rule, rather
simple teeth, which are confined to the margin of the jaws,
the occurrence of palatal teeth being less usual. The
teeth are of various forms, being blunt and rounded in many
genera, whilst in others they are long and pointed. They
are generally made up of a central body of hard dentine,
more or less completely invested by a cap of enamel ; and
they are attached to the bone by anchylosis.

When the tooth is anchylosed by its outer side to an
external parapet of bone, the creature is said to be * pleu-
rodont,” when by the end of its base it is attached to the
summit of a parapet it is “acrodont.”

The suceession of teeth in the Lizards is constant, new
teeth being developed at the inner side of the bases of the
old teeth, which become undermined by absorption and
fall off when the successional tooth has attained to a
certain stage in its development.

The accompanying figure of the lower jaw of a Monitor
lizard will give an idea of thedentition common in the group.
The teeth are not very large nor very numerous, there
being about 30 in the jaw ; towards the front of the mouth
they are a little more pointed than at the back, but the
differences in this respect are not striking.

At the inner side of the bases of the teeth are seen
foramina which lead into the spaces in which new teeth are
being developed.

Amongst the lizards considerable variety in the form of
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the teeth themselves exists, some having thin serrated
edges, others being exceedingly blunt and rounded, but in
the general disposition of the teeth there is considerable
uniformity.

Fig. 92. (1)

The teeth of some lizards consisting at their apices of
ordinary hard dentine, with a simple central pulp cavity,
at their bases are greatly complicated by the numerous
divisions of the pulp cavity, as is seen in the Monitor
lizards (Varanus, see p. 81). One Mexican lizard (He-
lodermus), has the reputation of being poisonous, and
has teeth which are grooved both back and front; but
it is doubtful whether its harmful powers have not been
exagoerated.

Vaso-dentine also occurs in the teeth of some saurians,
as, for example, in those of the great extinet Iguanodon, in
which it, roughly speaking, formed the inner half of the
crown, the outer moiety consisting of hard dentine. In
addition to this peculiarity, the teeth of Iguanodon were
remarkable for the partial distribution of the enamel, which
was strongly ridged, the ridges being serrated, and was con-

() Lower jaw of a Lizard (Vuranws Gowldii) a. Foramina leading to
eavities of reserve,
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fined to the outer side of the crown. Thus at the outside
came the hardest tissue, the enamel ; next the harder den-
tine, and, on the inside, the softer vaso-dentine. Hence, as
the tooth wore down, a sharp edge was long preserved.

There is a New Zealand lizard, to which the several
names of Hatteria, Sphenodon, and Rhyncocephalus have been
given, which has a very peculiar dental armature (Dr.
Giinther, Phil. Trans., 1867),

The inter-maxillary bones are armed with two teeth, so
* large as to be co-extensive with the whole bone in width,
the form of the ends of which recalls the gnawing incisors
of Rodents ; the other teeth are quite small, and, *acrodont,”
in their attachment,

But the great peculiarity of Hatferia is that the alveolar
margins of the jaws are sharp, and when the teeth are worn
down, which would happen in adult specimens, the actnal
sharp margins of the bone come into play as a masticatory
organ, near to the front of the mouth. It oceurred to me as
probable that the surface thus exposed might be coated
with dentine, but a microscopic examination of one of the
specimens in the British Museum, which I was, by the
kindness of Dr. Giinther, enabled to make, proved that
the dense ivory-like surface which serves the purposes of
mastication is true bone, and has no relation to dental
structure.

There are very few other instances of actual bone, un-
coated by dental tissues, being used for masticatory
purposes,

The great extinet Dicynodon, known by African fossils,
also had sharp trenchant margins to its jaws ; it is not
known whether these were sheathed in horny cases like
those of the turtles, or whether the bones themselves came
into use, as in Hatferia. But the most striking peculiarity
of Dicynodon was the co-existence with such jaws of a
pair of very large caniniform tusks, extending downwards
and forwards from the upper jaw, and growing from per-



THE TEETH OF REPTILES, 223
sistent -pulps, a thing altogether exceptional in the rep-
tilian class. '

The dentition of Ophidian reptiles (snakes) is very
uniform ; they may be conveniently divided into two
aroups, the poisonous and the non-venomous snakes,

Non-venomous snakes have one row of teeth in the
lower jaw, and two rows in the upper jaw ; in the latter
the maxillary bones carry one row, while a parallel internal
row is supported upon the palatine and pterygoid hones.

The teeth are in both groups strongly recurved, and are
firmly anchylosed to the bone ; they consist of a central
body of unvascular dentine, coated by a very thin layer of
enamel (there is not, as is generally supposed, any layer
of cementum, the enamel having been erroneously sup-
posed to be such).

The two halves of the lower jaw are connected at the
symphysis by an exceedingly elastic ligament ; theirarticula-
tion with the base of the skull, throngh the medium of an
elongated movable quadrate bone, is also such as to allow
of their being widely separated from the skull and from
one another, which power of dilatation is rendered necessary g
by the large size of the creatures which a snake swallows
whole.

The teeth of the snake are simply available for seizing
prey and retaining it, as the snakes invariably swallow
their prey whole, and in no sense masticate it.

As the object to be swallowed 1s often so dispropor-
tionately large as to make the process of deglutition appear
an impossibility, the mouth and pharynx have to undergo
ureat dilatation. The arrangements which combine to give
to the lower jaw its mobility have been already alluded to ;
the successional tooth germs, which are very ntumerous, are
also arranged in the snake in an unusual position, which by
bringing them very close to the surface of the bone, to
which they are parallel, renders them less liable to displace-
ment and injury than they would have been had they been
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placed vertically, as they are in all other creatures ; while
in addition to the advantage of protection by position,
they are wrapped round by an adventitious capsule of
connective tissue.

Fig. 93. ()

As the teeth during their development are lying down
parallel with the length of the jaw-bone, when the period
for their replacing a predeeessor arrives, they have not only
to move upwards, but also to become erected, but how
this is done remains a mystery, for I have been quite un-
able to discern the means by which if is accomplished.

(1) Developing teeth of a snake. f. Oral epithelium. e Neck of the
enamel organs. 5. Dentine pulp. ¢ Enamel cells. ¢ Dentine 1, 2. Very

young germs. 3, 4. Older genus.
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When a snake has seized its food, which it retains by
means of its many sharp recurved teeth, it slﬂwl_y swal_lm:s
it by advancing first its lower, then 1ts upper jaw, till it
thus, so to speak, forces itself over the bady of its prey.
When this latter is large, deglutition is a very lengthy
process, but an English snake can swallow a moderate-
sized frog with considerable rapidity.

There is an African snake (Rachiodon) which has none
but rudimentary teeth ; its food consists of eggs, which

Fig. 94. (V)

thus escape breakage until they reach the cesophagus, into
which spinous processes from the under surface of the

(*) One half of the skull of a Python (without the lower jaw) seen from
below. a. Intermaxillary bone. b, Maxillary bone, earrying the outer

row of teeth. e d. Palatine bone and pterygzoid bone, the teeth upon
which constitute the inner or second row of teeth.

W
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vertebrae project, and there serve to break the egg ; snakes
with their dentitions similarly modified exist also in India
e.a., Hlachistodon).

It has already been mentioned that the non-venomous
snakes have two complete rows of teeth in the upper jaw,
the outer row being situated on the maxillary bones, the
inner upon the palatine and ptervgoid bones. The teeth of
such snakes as the Pythons are all simple recurved cones,
and are none of them either grooved or canaliculated.?
Some of the harmless snakes, however, have particular
teeth which are developed to a greater length than the rest,
and others have the posterior teeth on the maxillary bones
urooved ; but the statement that this grooving serves to
convey an acrid saliva into the wound inflicted rests on in-
sufficient foundaticn, The peisonous snakes are charac-

Fig. 95. (2)

terised by a shortening ol the series of teetlL carried upon
maxillary bone, and by the front tooth of the series being

(Y It has been proposed to divide the Ophidia into groups, distinguished
by the presence or absence of grooved teeth, thus :—

i. Aglyphodontia. No grooved or canaliculated maxillary teeth
ii. Opisthoglyphia. Some of the posterior maxillary teeth grooved.
iii. Proteroglyplia. Anterior maxillary teeth grooved.
Posterior maxillary teeth solid.
iv. Solenoglyphin. Maxillary teeth few, canaliculated—poisonous
snakes, :
() Head and jaws of Hydrophis. The maxillary bone (), instead of car-
rying a complete geries of teeth, is armed with a few teeth only near to the
front. The foremost tooth is canaliculated, and forms the poison fang.
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developed to much greater length than those which lie
behind it. Thus Hydrophis, a genus of poisonous sea-
snakes, has five or more teeth upon the maxillary bone,
the foremost of which is much the largest, and this largest
tooth is so deeply grooved upon its anterior surface as to be
converted into a tube, the tube serving to convey the
poison into the wounds inflicted by it.

Poisonous snakes which have several teeth upon the
maxillary bone for the most part present some little
external resemblance to the harmless snakes, and are
called # colubrine poisonous snake” (coluber being the
name of a genus of harmless snakes) ; they present tran-
sitional characters between them and the more specialised
or ¢ viperine” poisonous snakes ; the Cobrais a familiar
example of a colubrine poisonous snake, and almost all the
venomous snakes of Australia belong to this group. Their
poison fangs are not very long, and they remain con-
stantly erect, being anchylosed to the bone (the maxilla)
which is long and not moveable, and which carries a vary-
ing number of small insignificant teeth behind the poison
fang.

In the Viperine poisonous snakes (Puft-Adder, Rattle-
snake, Vipers, &c.,) the poison apparatus is yet more
specialised, The maxillary bone carries no teeth at all
behind the poison fang ; it is so reduced in length as to be
of squarish form, and is so articulated to the skull as to be
moveable. :

The poison fang is of great length, so that if constantly
erect it would be much in the way ; when it is out of usr;,
however, it is laid flat along the roof of the mouth, and is
“only erected for the purpose of striking ; when in repose it
is altogether hidden by a fold of mucous membrane, which,
when it is erected, becomes tightly stretched over a part of
its anterior surface, and serves to direct the poison down

the poison canal by, to a great extent, preventing its escape
around the exterior of the tooth.

Q 2
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The mechanism by which the poison fang is erected is
thus deseribed by Professor Huxley (Anatomy of Verte-
brated Animals, p. 241) :—* When the mouth is shut the
axis of the quadrate bone is inclined downwards and back-
wards. The pterygoid, thrown back as far as it can go,
straightens the pterygo-palatine joint, and causes the axis

of the palatine and pterygoid bones to coincide, The
transverse, also carried back by the pterygoid, similarly
pulls the posterior part of the maxilla and causes its
proper palatine face, to which the great channeled poison
fangs are attached, to look backwards. Hence these fangs
lie along the roof of the mouth, concealed between folds
of the mucous membrane. But when the animal opens
its mouth for the purpose of striking its prey, the digastrie
museles, pulling up the angle of the mandible, at the same
{ime thrust the distal end of the quadrate bone forwards.
This necessitates the pushing forward of the pterygoid, the
result of which is twofold: firstly, the bending of the
pterygo-palatine joint ; secondly, the partial rotation of

(1) Side and front view of the skull of Craspedocephalus melas. A

Liristle is passed down the poison canal. Mx. Maxillary bones. Mn. Man-
dible. Pi Palatine bones. Pt Pterygoid bones. Qu. Quadrate bone

7 Transverse bone.
A. Bide view. B. TFront view.
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the maxillary upon its lachrymal joint, the hidden edge of
the maxillary being thrust downwards and forwards.

“Tn virtue of this rotation of the maxillary through
about a quarter of a circle, the dentigerous face of the
maxilla looks downwards and the fangs are erected into a
vertical position, The snake ‘strikes’ by the simul-
taneous contraction of the crotaphite muscle, part of
which extends over the poison gland, the poison 1s in-
jected into the wound through the canal of the fang, and
this being withdrawn, the mouth is shut, all the previous
movements reversed, and the parts return to their first
position.”

The poison fang is a long, poinfed, slightly recurved
tooth, traversed by a canal which commences on its front
surface, near to the bone, and terminates also ou its front
surface, a little distance short of its point ; in the figure
a Dbristle has been passed through it, and shows the points
where it commences and terminates. This tube conveys
the poison into the puncture, its upper orifice being in close
relation with the end of the duct of the poison gland.

It has been mentioned that some snakes which have not
definite poison fangs have a few of the large posterior teeth
arooved upon their front surfaces, the object of this grooving
being, as a matter of conjecture, to convey a more or less
poisonous saliva into the wounds inflicted by them.

By imagining such an anterior groove to be deepened,
and finally converted into a canal by its edges growing up
and meeting over it, we shall have a fair conception of
the nature of the tube in a poison fang, which is thus
really outside the tooth ; which might thns, at least in its
canaliculated part, be regarded as a thin flattened tooth bent
round so as to form a tube, Just as there are gradations in
the armature of the maxillary bone, which link together
the extreme form of the harmless Python, and the venomous
Rattlesnake, so there are gradations in the form of the
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poison tooth, in the degree in which the groove is con-
verted into a canal.

In colubrine poisonous snakes the canal is visible on the
exterior of the tooth, where an apparent fissure marks the
point where the two lips of the groove have met. Thus
the poison fang of Hydrophis, although in a part of its
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length the canal is quite closed in, has a very m arked line
along its front, and in section it looks much as would the
dentine in Fig. 97, if the two cornua had their rounded
extremities brought together into actual contact, without,
however, their rounded outline béing altered. ;
But in the poison-fang of a viperine snake the lips of
the groove are flattened and fitted to one another, so that
not a vestige of the join can Le seen upon the smooth
exterior of the tooth, In the accompanying figure the pulp

() Transverse section of tootl-3ac of yoison fang of Viper, prior to the
complete closure of the poison tube by the meeting together of the two
cornua of the dentine.
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cavity is seen to be a thin flattened chamber partly sur-
rounding the tube formed for the conveyance of the poison.

Fig. 98. (V)

The poison-fang is exceedingly sharp, its point being con-
tinned some little distance beyond the place where the
poison canal opens on the front of the tooth ; this disposi-
tion of parts has been copied in the points of syringes for
making subeutaneous injections.

The dentine is continued down to a very fine point, and
it is cased by an exceedingly thin layer of enamel, not
much more than 4 of an inch in thickness in our common
English wiper : thus the utmost sharpness is secured,
without loss of elasticity, which would have ensued had
its point been made up of brittle enamel only. Enamel
covers the whole exterior of the tooth but does not extend
into the poison canal in the viperine snakes; in Hydrophis
I believe that it does. As the point is simple, the

(") Transverse section of the poison fang of a Rattlesnake.

a. Pulp
cavity. d. Dentine,
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tooth germ of a poison-fang only becomes distinguishable
from that of another ophidian tooth after the tip of the
sooth has been formed, when a groove appears in its
side (see 8 and 9, in Fig. 99).

It being the babit of poisonous snakes to make use of
these weapons to kill their prey, which they consequently
do not swallow alive, it would obviously subject them to
no little inconvenience to be without these weapons for
any considerable length of time, while from their habit of
striking living prey the long fangs must be very liable to
being broken off by the jumping away of the ereature struck,
to say nothing of the great force with which the blow is
given,

In the most typical (viperine) poisonous snakes the
suceession of teeth is conducted mpon a plan which is
unique, and which is excellently adapted to save loss of
time in the replacement of a lost poison fang. Upon the
moveable maxillary bones there is space enough for two
poison fangs, side by side ; only one, however, is fully
anchylosed to the bone at a time, and occupies a place to
the extreme right or extreme left of the bone, leaving vacant
space for another by its side.

When the tooth in use falls, it will be succeeded by a
tooth upen the vacant spot by its side, not upon the spot
upon which it itself stood, so that the places on the right
and the left of the bone are occupied alternately by the tooth
inuse. Thus, in Fig. 96 B, the poison fang of the snake’s
right side is seen occupying a position on the extreme out-
side of the maxillary bone, while its left poison fang isfixed
on the inside of the maxillary bone.

The upper bioundary of Fig. 99 is formed by the flap
of mucous membrane which covers in the poison fang when
at rest. Nos. 1 and 2 lie in the pouch formed by it, the sec-
tion happening to be taken from a specimen in which the
tooth was about to be changed. In most specimens one
tooth only, the tooth actually in use, is seen in this position,
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A flap hanging free across this space serves apparently to
keep teeth of the one series from getting over to the other

L

Fig. 99. (1)

side, and probably sexves to hold in place the reserve tooth
when the older tooth is erected for biting.

The reserve poison fangs, as many as ten in number in
the Rattlesnake, are likewise arranged in two parallel series,
in which the teeth exist in pairs of almost equal age ; the
tooth in use is thus derived alternately from the one and
the other series, as is indicated by the consecutive num-
bers in the figure, a septum of connective tissue keeping the
two series of teeth distinet from one another.

(1) Transverse section of the reserve poison fangs of a Viper. 1. Tooth
at present in use, in its recumbent position; were it erect, it would he
withdrawn from view, or else seen in longitudinal section. 2. Tooth which

will next sneceed to No. 1. 8, 4, 5, &e. Tooth-sacs numbered in the order
in which they will succeed.
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The teeth heing arranged in pairs of almost equal age,
suggest that the succession is both rapid and regular. All
the reserve teeth lie recumbent in and behind the sheath
of mucous membrane which covers in the functional tooth.

This arrangement of the successional teeth in a paired
ceries does.not exist in the Cobra, in which the successional
teeth form but a single series ; perhaps this may serve to
explain the preference of the snake charmers for the Cobra,
which would probably take longer to replace a removed
poison fang than a viperine snake would.

But in the colubrine venomous snakes the successional
poisou fang sometimes makes its way toa spot a little to the
side of its predecessor, so that there may possibly be no loss
of time : and notwithstanding that they are in a measure
transitional forms between the harmless and the viperine
snakes, some of them are most virulent) poisonous and
deadly in their bite.*

This arrangement of fwo distinct .s of younger de-
veloping organs, all destined to- kee; ..e creature always
supplied with one organ in a state of efficiency, is, so far as
I know, without parallel.

Like other ophidian teeth the poison fangs become an-
chylosed to the bone which carries them, their secure
fixation being aided by the base of the tooth being fluted :
a sort of buttress work of new bone is thrown out to secure
each new poison fang as it comes into place.

The poison is secreted by a salivary gland homologons
with the parotid ; by an especial arrangement of - the
muscles and fascia about it the erection of the poison fang
and the infliction of the bite cause a copious stream of poi-
son to be ejected. The duct terminates in a sort of papilla,
close to the superior orifice of the tube in the fang : the
passage of a considerable portion of the poison down the

* T have given a more detailed account of the succession of poison fangs
in the Philos. Trans., 1876, Part i
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tube is secured by the close apposition of a shield of mucous
membrane, which is strained over the erected tooth.

In Crocodiles the teeth are confined to the margins of
the jaws, where they are very formidable in size and sharp-
ness. The individual teeth are generally conical, sharply
pointed, and often a little compressed from side to side, s0
as to possess sharp edges; but they vary much in form in
different species.

The teeth are lodged in distinet tubular alveolar cavities,
to the walls of which they do not become anchylosed, and

Fig. 100. ()

they are tolerably constant in number in the same species.

In parts of the mouth certain teeth are developed to
a greater length than those nearest to them ; thus, in
the Crocodile proper, the first and fourth lower teeth are

("} Jaws of the Cmi_:ol:lile. The first, fourth, and eleventh teeth in the
lower jaw, and the third and ninth in the upper, are seen to attain to a
larger size than the others.
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specially large, while in the extinet African Galesaurus the
difference is so marked that both in the upper and lower
jaws the teeth might be grouped as incisors and canines,
so far as size and probable function go in such classifi-
cation.

In structure the teeth of erocodiles consist of hard, fine
tubed dentine, with an investing cap of enamel, and in
addition a coating of cementum on their implanted por-
tions. As already mentioned, they are implanted in tubu-
lar sockets ; new successional teeth are being confinually

Fig. 101. (%)

developed at the inner side of their bases, and as these at-
tain to a certain size, absorption attacks the base of the
older tooth, and its successor moves into the space so gained,

(1) Transverse section of the lower jaw of a young Alligator. = a. Oval epi-
thelium. b. Bone of socket. d. Dentine of old tooth. 2. Tooth next in
order of succession, which is eausing absorption of one side of the base of

the older tooth. 8. Young tooth germ.

EPRT S
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so that it comes to be sitnated vertically beneath the older
tooth. In its further growth it causes yet more absorp-
tion of the older tooth, which it ultimately pushes out in
front of it, sometimes earrying the remains of the old tooth
like a cap upon its own apex when it first emerges. Each
new tooth vertically succeeds its predecessor ; hence no
additional teeth are added, but the young mnewly hatched
crocodile has as many teeth as a full grown one.

In the extinet ITchthyosaurus the teeth, while forming an
armature not unlike that of some of the crocodiles, were
not implanted in distinet sockets, but were lodged in a
continuous shallow groove, with buf slight indications of
transverse divisions.

In many reptiles teeth are developed for the merely
temporary end of effecting an exit from the egg-shell.
This purpose is sufficiently answered by the hard snout
- of the crocodiles, and by a soxt of snout developed in
Chelonia (tortoises and turtles), but snakes and lizards have
sharp teeth developed on the premaxillary bones which
afterwards are lost (Owen).

The most bird-like of extinet reptiles, the flying Ptero--
‘dactyls, were furnished with teeth, which in some genera
extended the whole length of the jaws. In others, how-
ever, the extremities of the jaws are edentulous, and are
supposed, from their appearance, to have been sheathed in
horny beaks. If so, something similar to a bird's beak -
coexisted with true teeth. ‘

Much interest has been excited in the minds of paleon-
tologists by the discovery by Professor Marsh, of Yale
College, of fossil birds furnished with teeth, In the fol-
lowing brief account I have made free use of a very clear
and able summary by Mr. Woodward (Popular Science
Review, Oct., 1875), a perusal of which I would urge on those
interested in the matter. It was long supposed that no
examples of teeth were to be met with amongst the birds,
although some, such as the Merganser, have the margins of
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the Dbill serrated, so that the functions of teeth are dis-
charged by this horny armature of the jaws. It is note-
worthy that the margin of the bone of the jaws is also
serrated, each serration corresponding fo a similar serration
in the bill. In the fossil bird deseribed by Professor
Owen, from the London clay, under the name of Odont-
opterya toliapicus, the form of the bill is not known, bub
the margins of the jaws were furnished with strong bony
prominences, far more conspicuous than those of the
Merganser. And Geoffrey St. Hilaire had described a series
of vascular pulps as existing on the margin of the jaw of
parroquets just about to be hatched, which, though destined
to form a horny bill, and not to be calcified into teeth,
yet strikingly recalled dental pulps. Then there is also
the famous fossil Archeopteryx, an anomalous oolitic
bird with a long and jointed tail, which 1is by many
zoologists believed to have possessed teeth. There is a
flaw in the evidence, however, inasmuch as the toothed
jaw is not in situ, and therefore may possibly have be-
longed to some other animal than that perpetuated in the
rest of the fossil impression, though probability is altogether
in favour of its really belonging to the Archwopteryz.
Professor Marsh has, in his exploration of the cretaceous
deposits of the Rocky Mountain region, discovered remains
of several birds, which put it beyond all question that
birds with actual teeth have existed. The first toothed
bird described by him (Ichthyornis) had powerful wings,
and was probably aquatic ; both jaws were furnished with
teeth, twenty-one in each ramus of the lower jaw, and there
appeartohavebeenthe same number of teeth inthe upperjaw.,

The teeth are implanted in distinet sockets, are com-
pressed and sharp, are inclined backwards, and are said to
be invested with a smooth enamel. Another bird de-
scribed by Professor Marsh (H esperornis) is also furnished
with a large number of teeth, which are not, however, im-
planted in distinct sockets, but lic in a continuous groove,
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like the teeth of Tehthyosaurus. Slight indications of trans-
verse partitions are to be found in this groove, _1“‘-1? nothing
that amounts to a partitioning off into distinct sockets,
The method of succession is known to be similar to that
met with in Crocodiles and Ich-
thyosaurus, successional teeth
having been found in excavations
in the bases of their predecessors
in Hesperornis.

The premaxillaries do not carry
teeth, and Professor Marsh in-
clines t» the belief from theirap-
pearance, that they were covered -
by a horny bill. Tn the lower
jaw (dentary bone) the dental
aroove with its contained teeth
extends the whole length of the
bone. Hesperornis was probably a
gigantic diving bird ; its wings
are rudimentary, and there is no
keel to the sternum. Probably
its nuwmerous sharp recurved
teeth were employed in catch-
ing fish. Professor Marsh’s de-
seriptions and figures are only
provisional, and a more com-
plete description of these most
remarkable birds is to be shortly
published by him.

With these exceptions the jaws
of all known birds are toothless,
the horny cases forming their
beaks taking the place and ful-
filling the functions of teeth.

Fig. 102. ()
11 N.S.

(1) Mandible of Fekthyornis (from Marsh.) A, Side view, showing the

teeth in situ. B. View of upper surface, showing the sockets in which the
teeth were implanted, y
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Between the class of Reptiles -and that of Mammals
" thiere is a gulf not bridged over by -any forms at present
known to us, Pr ufeasnr Owen has, however, very recently
described a group’of fossil reptiles, to whmh he attributes
carnivorous habits, which had certain teeth elongated and
sharp, so as to recall the canines of carnivora. The reptiles
in question came from lacusfrine (Triassic?) deposits in
South Africa, and Professor Owen, considering them to
have decided mammalian analogies, proposes fur them the
name “ Theriodonts.” But the evidence as yet brought
forward of their mammalian affinities is not conclusive. |




CHAPTER VIIL

THE TEETH OF MAMMALS.

CuviEr.. Dents des Mammiftres.,

De BLrasvinLe, Osteographie. 1830—1864.

Owex.  Odontography. 1545

GieBen. Odontographie, 1835." '

Frowger. Lectures on Odontology (British Med. Journal, 1871). '

The class Mammalia is divided into three groups i—

I. Ornithodelphia.

Animals with a common genito-urinary chamber, and separate
coracoid bones ; no vagina ; no teats ; comprises a single order,
Monotremata, which contains only two genera, the Ornithorhyn-
chus and the Echidna,

IL. Didelphia.

Animals with a vagina, &c., of which the young are born in an
exceedingly early condition, probably without the formation of any
placenta, and are transferred to the nipple of the mother, where,
in almost all, they are protected by a fold of the abdominal
integument, which forms the marsupium, or pouch; comprises the
single order Marsupialia, animals now most largely represented
in Australia and its zoological region; some few exist also in
America.

The kangaroos, wombats, opossums, &e., are familiar examples »
of Marsupials,

L. Monodelphia,

Placental mammals : 7.e., animals in which the feetus acguires a
connection with the parent through the medium of a vascular

placenta, by means of which it is nourished for a long time, ﬁnd is
ultimately born in an advanced condition,

It
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The relations which the different orders of placental Mammalia
bear to one another are rather complex, and it is not possible to
place them satisfactorily in a consecutive series, because many of the
orders present affinities with, and are indeed linked by transitional
forms to, mnot ome, but several other orders. Professor Flower
(Osteology, page 6,) has arranged them in the following tabular
manner, each order being placed near to those to which ic presents
most resemblance.

Relation of the existing Mammalian orders to one
another ;:—

Hominina.
PRIMATES,
Simiina.
Lemurina,
CHIROPTERA.
INSECTIVORA. CARNIVORA.
Fissipedia, Pinnipedia,
HyYRACOIDEA, - CETACEA.
RoDENTIA, SIRENIA.
Perissodactyla,
PRroBOSCIDEA. UNGULATA.
Suina. Tylopoda.
Artiodactyla,
Traguline, Pecora.
EDENTATA,

Primates include man and the monkeys, the Lemurs connecting
them with both the Insectivora and Chiroptera.

Chiroptera are Bats.

Insectivora—DMoles, Hedgehogs, &e.

Carnivora fissipedia —Cats, Dogs, and Bears, &e.

Carnivore pinnipedia—Seals, Walrus, &e.

Oetacea— Whalebone Whales, Sperm Whales, Porpoises, &e.

Sirenia (Herbivorous Cetacca)—Manatee, Dugong, &c.
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Ungulata (Hoofed Mammals)—

(i.) Perissodactyla, or odd-toed— Horse.

Tapir, Rhinoceros, &e,
(ii.) Artiodactyla, or those with an even number of tnes —Pigs
and their allies, Camels, Ruminants, &c.

Hyracoidea—The anomalous Hyrax (Biblical ¢ Cony Y alone.
Proboscidea —Elephants, extinct Mastodons, &e.
Rodentia— Hares, Rabbits, Rats, &e.
Edentata—=Sloths, Armadillos, Ant Eaters, &ec.

To illustrate the meaning of the table, the gap existing between
the typical Carnivora and the Cetacea is bridged over by the seals,
which, though true carnivora, are some of thew near the Cetacea
in many particulars ; or, again, the gap between the Moukeys and
the Insectivora is bridged over by the Lemurs, which are an inter-
mediate form.

We do not yet know enough of extinct Mammalia to feel quite
sure of the true line of affinities between all the orders, but the
foregoing table serves to give a more true idea of our present
knowledge than any arrangement in linear series can conveys
There is no animal to which we can point and say that we know its
whole line of descent ; but the ancestry of some of the Ungulata has
been greatly elucidated of late years, and the chain of progressive
modification by which so highly specialised a form as the Horse has
been arrived at, starting from a very much more generalised form,
is now pretty complete.

In a treatise dealing only with the teeth, in which the orders
must necessarily be taken in succession, it will be convenient to
deviate somewhat from the natural order for the sake of taking
first those animals whose dentitions are of the simplest character,
Thus it 1s convenient to describe in succession the Edentata and
the Cetacea, which have little or nothing to do with nne'a-unther,
because they alike have teeth of simpler form than the rest of the
Mammalia. DBut, as far as possible, the arrangement indicated
in the table, which the student will do well to impress upon his
mind, will be followed in thess pages.

R 2
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INTRODUCTORY REMARKS.

Before entering upon the deseription of the forms as-
sumed by the teeth of Mammalia, it is desirable to very
briefly indicate some of the principles which appear to
underlie the modifications which are observed, in order
that the reader may be more in a position to appreciate
the bearings of what would otherwise seem insignificant
minutize, and thus to find more of interest in the details of
anatomical descriptions, in themselves necessarily dry and
tedious.

It may be asked why these introduectory matters should
not have been introduced before the chapters describing
the teeth of Fish and of Reptiles ; my reason for deferring
them was a twofold one ; in the first place, although of
course the same general prineiples apply to the dentitions
of Fish and Reptiles as to those of Mammals, it was not
possible in a small handbook to enter into the deseription
of the teeth of these lower classes at sufficient length to
adequately illustrate those principles, even were the ma-
terials at hand for so doing ; and in the second place, the
student who has followed out the series of adaptive modi-
fications exemplified amongst the snakes, will have less
difficulty in grasping the significance of the following
pages than he would have experienced had he been en-
tirely unacquainted with any such example of the manner
in which an animal’s structure is moulded into conformity
with its habits.

Not many years ago it was customary to explain the
various facts which were revealed by the study of com-
parative anatomy upon the supposition that there was
some sort of type or standard organization, and that all
the others were arrived at by modifications and departures
from this type, these modifications being introduced with
a direet purpose in view, in order to fit the creature to a
special habit of life.
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To thinking minds this explanation, if such it counld be
called, was never satisfactory ; nevertheless it was an
attempt to formulavise a series of data founded upon ac-
curate observations, and so, in the absence of anything
better, was useful enough.

Among the matters which this “ type” theory sought to
account for was this: when an animal possesses some
peculiar organ, it is found on close examination that it,
however specialised, is after all only semething which
allied animals also possess, but which has been exaggerated
or developed in an unusual manner and degree ; or, on the
other hand, when an organ is wanting, that the suppressed
organ is not absolutely abolished, but is to he found
stunted and in a rudimentary condition, instead of in its
ordinary size and functional activity.

Thus the tusks of the boar or of the Sus babirussa,
large and peculiar though they be, are not new develop-
ments, but are merely the canine teeth which in these
species attain to unusual dimensions. In the same way
the enormous straight tusk of the Narwal (see Fig. 118) is
nothing more than an inecisor tooth of one side, the fellow
to which has been checked in its development, but it-is not
missing, for it remains throughout the life of the animal
buried within its socket. In the female Narwal both of the
teeth, being rudimentary, are permanently enclosed within
the sockets, of course not being of the smallest service to the
animal, directly or indirectly ; furthermore, as has been
shown by Professor Turner, in young specimens, a second
pair of rudimentary aborted incisors are to be found, which
in the adults have disappeared,

The modern school of biologists, rejecting this * arche-
type” theory as a far-fetched and unsatisfactory hypothesis,
refer these resemblances in dentitions upon the whole dis-
similar to one another to a more intelligible cause, namely,
inheritance. Assuming, as the balance of evidence com-
pels us to assume, that the many divergent forms which
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we observe are descended by progressive modifications and
differentiations from fewer ancestral forms, we shall have
no difficulty in seeing how, by such processes as we full well
know to occur, namely, the dwindling of disused organs
and the exaggerated development of those msed in an un-
usnal degree, great differences may ultimately result.

To illustrate what is meant by this so-called © adaptive
modification,” this suppression eof things that are not
needed, and increased development of those most used, we
may recur to the dentitions of non-venomous and venomous
snakes.

In these we saw, in the non-venomous snakes, the
maxillary bones covered by a row of teeth sub-egual in
size ; then in the colubrine poisonous snakes the front
tooth of those standing upon the maxillary bone taking
upon itself a special and important office, namely, the con-
veyance into a wound of a poisonous saliva, and eoinci-
dently with this tooth attaining the increased size and 1m-
portance, the teeth behind it on the maxillary bone rediced
in number and in size. Going a step further, to the
Viperine poisonous snakes, the now wuseless maxillary
teeth have all disappeared, leaving the poison fang alone,
of vastly increased dimensions, to oecupy the wlole bone.

Jut in many poisonouseolubrine snakes three or foursmall
and useless teeth remained upon the maxillary bone, though
their function was gone, and seemed to indicate to us in some
measure the gradual process by which that singularly per-
fect adaptation of means to an end, which is found in the
Viperine snake, was arrived at.

It would be impossible in these pages to go through the
arcuments by which M. Darwin has established his main
propositions ; it must suffice to say here, that he has fully
convinced all those who are not in the habit, from the
fixity of early impressions, of putting many matters upon
another tooting than that established by the exercise of
yeason, that any modifieation in the structure of a plant or

S
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an animal, which is of benefit to its possessor, is capable,
nay, is sure of being transmitted and intensified in suceesive
generations, until great and material differences have more
or less masked the resemblance to the parent form.

Just as man, by favouring the breeding of those modifica-
tions of form, &e., that please him best, has been able, in the
course of a few years—in a length of time altogether infi-
nitesimal, as compared with the time during which the
surface of land and sea has been of pretty nearly its present
form, to say nothing of the enormously longer earlier
seological epochs—to profoundly modify the breeds of
dogs, of horses, of numbers of plants, all of which are ab-
solutely known to have had a common origin, so in nature
forces are and ever have been in perpetual operation, which
effect the same thing.

A pigeon fancier wants a pigeon of particular plumage,
with a few feathers a little different from any pigeon he
has ever seen or heard of; he knows by experience thaf
little variations are for ever arising, and that by watching a
sufficient number of young ones, and rigorously picking out
those which at all tend in the direction of what he wants,
he will get what he wants, and will even tell you with confi-
dence that in so many years he will make a breed with the
peculiarity desired.(!) And exactly as the plumage that was
wanted is got, so in nature the creature that is “wanted,”
i.e., the creature that is excellently well adapted to fill a
place in the world is manufactured by the operations of
that law known as * survival of the fittest.”

It is quite enough that one of the small variations for
ever arising in animals shall be of advantage to it, for us
to see that the peculiarity is likely to be transmitted and
intensified in snccessive generations,

Thus the doctrine of natural selection or survival of the
fittest, is as fully applicable to the teeth of an animal as to

(1) An eminent pigeon fanecier, 8ir J. Sebright, told Mr. Darwin that he
could produce any given feather in three years.
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any part of its organisation, and the operation of this natural
law will be constantly tending to produce advantageous or
“ adaptive” differences. On the other hand, the strong
power of inheritance is tending to preserve even that which
in the altering conditions of life, has become of very little
use, and thus rudimentary teeth we may understand to be
teeth which are in process of disappearance, having ceased
to be useful to their possessors, but still for a time, through
the strong influence of inheritance, lingering upon the
scene, Some teeth have disappeared utterly ; thus the
upper incisors of Ruminants are gone, and no rudiments
exist at any stage!; others still remain in a stunted
and dwindled form, and do not persist throughout the
life-time of the animal, as for instance the first premo-
Iars of a horse, or two out of the four premolars of most
bears,

Before leaving this seetion of our subject, an instructive
illustration of the operation of these agencies may be given.

Fig. 103. (%)

i A BET SN

ORI

(1) Statements to the econtrary have been made, and ecopied from book to
book without verification. d

(%) Skull of a placental rodent (Capybara), showing general character of a
rodent's dentition,
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It is very easy for us to see how a “rndentf’ type of
dentition is beneficial to its possessor by rendering acces-
sible articles of food wholly unavailable for creatures which
have no means of gnawing through a shell or other har::l
body. Now it happens that in three regions of the world,

Fig. 104. (1)

e
pretty completely cut off from one another, three animals,
in parentage widely dissimilar, have arrived at dentitions of
“ rodent ” type.
Thus in Australia, a region practically wholly monopolised
by Marsupials ; a marsupial, the Wombat, has a dentition very
much like an ordinary placental Rodent. In the island of

(1) A. Milk teeth of the Lemurine Cheiromys, with the permanent in-
cisors just coming into place, It differs from any Rodent by having
many milk teeth. i, Permanent incisor, 2. Posterior deciduous ineisor.
¢. Deciduous canine, d, d 2. Degiduons molars, ! Lower permanent in-
cisor. 12, Lower deciduous canine, da, db. Lower deciduous molar
(twice natural size). (B. Redueced outline fizure of its permanent dentition,
in whieh it closely mimicks the true Rodents (after Peters).
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Madagascar, which is, with the exeception of a few mice,
without indigenous rodents, a Lemurine animal, the Cliei-
romys, has a dentition modified in a similar direction ; and
elsewhere, scattered all over the world, we have the ordi-
nary Rodents.

In fact, three creatures, as widely different from another
in parentage as they well could be, have been modified by
natural selection until they have dentitions, not identical,
but for practical purposes not unlike.

It is impossible to conceive that these three creatures
have had anything in the way of common origin : their
ancestry must have been widely different, the regions in
which they live have been isolated from one another for
countless years, and yet they have each got to a “rodent”
type of dentition. Of extinet Lemunrs little is known, and
of the ancestry of Cheiromys nothing ; but in the compact
aroup of Marsupials, still living in Australia, we are able
to dimly see some of the progressive steps which seem to
tend towards a rodent form of dentition. In Australia,
roughly speaking, there were nothing but Marsupials ; in
Madagascar more Lemurs than anything else ; and in each
case out of the material at hand, natural selection manu-
factured its “rodent.”

At the same time the foree of inheritance is seen in each
of them retaining characteristics of the groups whenee they
have been derived, so that underlying the prumd facie
resemblance in the teeth, there are points in their several
dentitions, whereby the wombat shows its Marsupial affi-
nities, and the Aye-aye its Quadrumanous affinities.

In addition to those modifications which are of direct
use to the individual in the way of assisting in the pro-
curing of food, &e., any character which would enable one
male to get an advantage over other males, and so render
him more certain to propagate his kind, will be sure to be
transmitted and intensified.

Thus we can understand how the males of some species
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have become ornamented ; how the males of many birds
Lave come to sing : and, what is of more immediate con-
cern to us, how the males of some animals have become
possessed of weapons which the females have not. The
possession of weapons by the male is strikingly exempli-
fied in the teeth of many animals. The males of many
frugivorous monkeys have canine teeth much larger than
those of the females ; they are cut late in some species,
and coincidently with the attainment of sexual maturity,
and are useful to their possessors as weapons in their
combats with other males. The male narwal has ifs
single elongated tusk ; the male dugong has tusk like
incisors; in the respective females these same teeth are
insignificant.

But the most striking instance of the teeth being modi-
fied, so as to serve as weapons for sexual combat, 1s afforded
by some members of the group of ruminants, amongst
whom, as Cuvier long ago pointed out, those which are
armed with horns have no canine teeth, and vice versd, a
seneralisation which, although subject to slight exceptions,
remains upon the whole true.

The male musk deer (Moschus moschiferus) has canine
teeth of enormous length, while it is quite withont horns
(see Fig, 105) ; the female has no canine teeth. The male
muntjak, which has very short horns, has canine teeth,
but of much smaller size than those of the musk-deer.
Other examples of hornless deer furnished with canine
teeth are to be found in Swinhoe’s water-deer (Hydropotes
imermis) and in the Lophotragus Michianus, two Chinese
deer, more recently discovered, and in the Tragulide, It
is obvious that males furnished with weapons more power-
ful than their fellows, wifl be more likely to prove vic-
torious in their battles, to drive away the otlier males, to
monopolise the herd of females, and so to transmit their
own peculiarities to offspring, which will again be favoured
in the same way. Thus it is very easy to see how, amongst
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gregarious animals, the development of teeth serving as
sexual weapons is likely to be favcured, generation after
generation, until canines as highly specialised as those of
the musk-deer, or the wild boar, are attained to.

Fig. 105. (1)

31’

EIMJ'_SE,Z:

It will suffice to indicate to the reader that he must be
prepared to find that the teeth are profoundly susceptible
of modification, but that, amid all their varied forms, the
evidences of descent from ancestors whose teeth departed
less from the typical mammalian dentition are clearly trace-
able by the existence of rudimentary teeth and other such
characters. And, although it is by no means probable that
we have recognised more than a part of the agencies which
are at work, natural selection and sexual selection appear
to be competent to produce most of the phenomena of
modification observed. There remains one other influence,
much more obscure in its nature, to be touched upon,
namely, “correlation of growth ” or “concomitant varia-
tion.”. When we find that when horns are developed,
canine feeth are absent; or that, after a boar has been
castrated, his tusks cease to grow, although we may be

(1) Craninum of Moschus, showing the long canine tooth.
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quite unable to conceive the precise manner in which the
one thing influences the other, we can see that there 1s a
consistency in the development of the sexual weapon ceas-
ing coincidently with the destruction of the sexual appara-
tus, or in the fact that two kinds of weapon are not deve-
loped in the same animal. But there are some correlations
of growth of a still more recondite nature, in which the
connection is less obvious. Of this nature is the relation
which exists between peculiarities of the skin and of the
teeth : the Edentata, abnormal in their skins, are different
from most other Mammalia in their teeth ; feetal whales,
vet more aberrant in the nature of their skins, have only
rndimentary teeth, in the place of which, after birth,
plates of whalebone are found.

Mr. Darwin (Animals and Plants under Domestication,
p. 328), has collected a number of curious instances of
relations existing between hair and teeth. In general
terms it may be said that any great abmormality in the
hair goes hand in hand with an abnormality of the teeth.
Thus, there is a breed of dogs found in Turkey which are
almost hairless, and which have very few teeth, their
dentition being reduced to a single molar on each side,
together with a few imperfect incisors ; and in the human
subject inherited baldness has been found to be associated
with inherited deficiency of the teeth.

But we must not go further than to say, that great
abnormality of hair goes hand in hand with abnormality
of teeth, for examples have just been given of absence of
hair and absence of teeth ; and, on the other hand, redund-
ance of hair Iias in several cases been accompanied by
absence of teeth.

Thus, in the case of the now famous hairy family of
Burmah, the peculiarity of silky hair being developed over
the face was transmitted to a third generation, and in each
case the teeth were very deficient in number. A year or
two ago a hairy man and his son, said to have come from
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the interior of Russia, were exhibited in London, and they
were also almost toothless.*

- A good many years ago a hairy woman (Julia Pastrana)
was exhibited in London, of whom it has commonly been
reported that she had an excessive number of teeth.
(lertain it is that her mouth was very prominent, and that
she was deseribed as “dog-faced” and “ pig-faced,” but
models have been presented to the Odontological Society by
Mr. Hepburn, which are indisputably known to be models
of her mouth, and these do not show any excessive number
of teeth, The teeth, at least such of them as can be seen,
are enormously large, but the mouth is affected with general

hypertrophy of the gums and alveolar processes to such a °

degree, that only a few of the teeth can be made out.

But this does not make her case the less interesting to
the odontologist, for in the huge teeth, the enormous
papillee of the gum, and the redundant hairs on the face
we have evidence of a disposition te hypertrophies of the
integument affecting in different places the different tegqu-
mentary appendages which happen to be there. And that

the teeth are dermal appendages has been shown at a

previous page (see page 109).

He would indeed be a rash man who ventured to assert
that we had recognised all the agencies which are at work
in the modelling of animal and vegetable forms ; but it 1s
safe to say that, at the present time, we are acquainted with
several agencies which are in constant operation, and which
are competent to profoundly modify animals in successive
generations.

To recapitulate, we know of “ natural selection,” or

* The man's mouth exemplified the dependence of the growth of the jaw
npon the presence of teeth.  Ordinarily the increase in size between child-
hood and adult age takes place by a backward elengation, which allows for
the successive development and eruption of the molars behind the space
occupied by the temporary teeth. But this man never had any true molars,
and no such backward elongation of the jaw had ever taken place, so that,
though he was a full-sized man, his jaw was no larger than a child's,

Bl
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“survival of the fittest,” an agency by which variations
beneficial to their possessors will be preserved and intensi-
fied in successive generations ; of *sexual selection,” which
operates prmczpally by amblmrr those possessed of certain
characters to propagate their race, while others less favouréd
do not get the opportunity of so doing ; of “concomitant
variation” between different parts of the body, an agency
much more recondite in its operations, but by which
agencies affecting one part may secondarily bring about
alterations in some other part.

And operating in the contrary direction, we have a
certain fixity of organisation, so that the power of inherit-
ance is constantly asserting itself by the retention of parts
which have become useless, for a time at all events, and by
the occasional reappearance of characters which have bee
lost.

But I cannot attempt in these pages to give more than a
passing mention of these great biological questions ; if such
allusion to them as has been given will help the student to
have patience to master descriptions of minute points, of
which he does not at the moment see the bearing, by giving
him confidence that there are no characters so trivial but
that they may throw very important light upon the remote
parentage and the line of descent of the creature under
examination, their object will be amply fulfilled. And as
a further incentive to painstaking and minute observation,
it may be added, that things which are rudimentary, and
therefore inconspicuous, are often just the things which
happen to teach us most ; for being of no present use, they
are not undergoing that mmd change in aﬂaptatmn to the

LI‘E-ltlﬂlf.- s habits which may he going on in organs which
are actively employed.
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THE HOMOLOGIES OF THE TEETH.

A superficial survey of the teeth of those mammals
which possess two sets of teeth (diphyodonts) will indicate
that, notwithstanding the apparent anomalies brought
about by adaptive modifications, a close correspondence
between the several teeth of different animals exists. That
is to say, we can generally identify incisors, premolars, and
molars ; nay, more, when an animal has less than the full
typical number of a particular class of teeth, we can ordi-
narvily say with certainty which of them it is that arve
absent,

As it is impossible, or at least inconvenient, to avoid
the use of the term “typical” dentition, it will be well to
explain at the outset what is, and what is not, meant by it.

That the great majority of biologists reject utterly the
“ archetype ” theory, by which all those resemblances
which really exist were referred to the influence of a sort
of generalised  pattern” animal, according to the model of
which all other animals were fashioned, has already been
mentioned : this, then, is what is not meant by a “ typi-
cal ” dentition. What is meant, is a form so simplified, so
little modified in any special direction, that we can con-
ceive it to be a common parent form whence, by progressive
modification in successive generations, other forms have
been dexived. We cannot point to any mammalian denti-
tion at present known to us, and say this is the parent;
this is the typical form of mammalian dentition ; but we
do know many fossil forms which approximate to it far
more closely than do any at present in existence, and as
transitional forms of animals, and animals of highly gene-
ralised characters are every day coming to light, we do not
doubt that such forms once did actually exist, and may
one of these days be found. Absolute proof would be
obtainable only if we could refer to its place every
mammal that had ever existed, and show every step in the
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series of modifications by which the ultimate divergence of
dentition was effected. But evidence far short of absolute
ocular demonstration serves to satisfy us on most points,
and there is sufficient evidence available to enable us to say
with some confidence that our ““typical ” or parent mam-
malian dentition was, so far as the numbers of the several
kinds of teeth go, ' ’

L]

i Sl prm’% 1n§=44.
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And when there are less than forty-four teeth, as has heen
already mentioned, we can in most cases say which they
are that are absent.

Thus, taking a certain bear and a baboon (each having
two premolars only on each side), we are able to decide, by
comparison with allied ereatures, that, in the case of the
bear, it is the second and third premolars which are want-
ing, the first and fourth remaining ; while in the baboon
it is the first and second which are wanting, the third and
fourth being present. By homology we mean such cor-
respondence as is above indicated ; a correspondence which
might almost be expressed as a relationship by descent.

Homology, then, is almost equivalent to identity of
origin, or, at all events, to similarity of origin ; but it by
no means necessarily involves identity or even similarity
in the purpose to which a thing is ultimately applied, a
fact which will be further illustrated in speaking of canine
teeth.

The homologies of the teeth may be treated under two
heads ; the one, the homologies of the teeth in their
relation to other parts of the body, and the other, their more
special homologies, or their relation to one another,

The relation of the teeth to the skin, which we EX]Press
by calling them *dermal appendages,” as well as the
epidermic nature of the enamel, and the dermic nature of
the dentine, have been sufficiently discussed at former pages,

8
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so that we may at once pass to the homologies of the teeth
with one another,

Teeth are divided into ineisors, canines, premolars, and
molars, but these classes do not all admit of quite satisfac-
tory definition. Incisors are defined as teeth implanted
in the intermaxillary bone, a definition which has the
merit of being precise ; and on the whole there is a certain
resemblance running through incisor teeth in most animals ;
but the definition of lower incisors as being the correspond-
ing teeth in the lower jaw is a good deal less satisfactory,
because they are not situate upon any distinct bone.

Molars are teeth at the back of the mouth, which come
up behind the milk teeth (when there are any), and which
are generally subservient to grinding the food.

Premolars are teeth in front of the molars, and usually
differ from them by being more simple in form and being
smaller, and in most animals have displaced deciduous
predecessors. But they are not always simpler in form,
nor smaller (e.g., the horse), nor do they always dis-
place deciduous predecessors (e.g., they do mot all do so
in the marsupials), so that this definition 1s not absolutely
precise.  Still, as a matter of practice, it is usually easy
to distinguish the premolars, and the division into pre-
molars and molars is useful.

Any objection that can be raised to the name of premolar
on the score of a short logical definition being impossible,
applies with tenfold force to the canines. (Cf. Messrs.
Moseley and Lankester, Journ. Anat. and Physiology,
1869.)

The nearest approach to a good definition is that which
describes the canine as the next tooth behind the intermax-
illary suture, provided it be not far behind it ; and the
lower canine as the tooth which closes in front of the upper
canine.

Very much valuable time has been wasted by naturalists
Ly assuming that the canine has as much individuality, so
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to speak, as the other classes of teeth, and hence seeking to
determine which is the canine in animals where it is not
obvious ; whereas the real truth is probably embodied in
some such statement as the following.

A very large number of animals, notably the Carnivora,
have one tooth, situated a little way from the front of the
mouth, developed to an unusual length and sharply pointed,
for use as a weapon. The tooth which has undergone this
adaptive modification is usually the first which Lies in the
maxillary bone ; in fact, the foremost of the premolar
series ; but it occasionally happens that it is some other
tooth which has undergone this modifieation, When we
use the term canine we should mean a tooth so modified, and
generally, but not always, should be alluding to the same
tooth, #.e., to the tooth which in the typical mammalian
dentition comes next behind the outermost incisor; the
first of the premolars, if we allow five premolars instead of
four,

It would practically be very inconvenient to abolish the
term canine ; but it should be borne in mind that its signi-
ficance is merely equivalent to “caniniform premolar,”
and that in describing the dog’s dentition we should be
less liable to be misinterpreted, were we to say that it
has five premolars, of which the first is caniniform, To
those who accept the doctrine of evolution it is not needful
to say more, as it is hardly poessible to resist the conclusion
that the teeth of the parent forms were, like those of the
present monophyodonts, not much differenfiated from one
another. Then, as animals diverged and became modified
in ;muurdamtcc 1}'11,11 their requirements, their teeth would
become so far differentiated that they would admit of bein g
classified. Thus the Carnivora would have attained to 2
stage of differentiation in which the canine is certainly
deserving of a distinctive name, whereas along other line

lines
of descent differentiation having not

proceeded so far, or
8 2
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having proceeded in a somewhat different direction, it
would not merit a distinctive appellation.

But as it so happens that all the works on odontography
have staited upon the basis that there was a “ type” denti-
tion upon which that of all mammals was based, and as a
canine figured in that dentition, 1t was sought for in every
animal ; aurd it will therefore be necessary to point out a few
instances of the difficulties into which those anatomists are
led who insist upon calling some tooth a “ canine ” in every
case where a tooth is situated in the maxillary bone, close
behind the suture which eonnects it with the inter-
maxillary bone, whether that or any other tooth be large
and pointed, “ caniniform ” or not.

In typical Ruminants, the upper jaw lacks both incisors
and canines (except in musk deer, Swinhoe’s water deer,
Michie's deer, and the Muntjacs, which have canines), but
in front of the lower jaw there are grouped together eight
teeth, closely fitted together, and of almost exactly similar
size and shape. The outermost pair of these teeth are
called canines, because (i.) in some allied species the tooth
i1 this situation is more pointed; (ii.) because this tooth
shuts in advance of the upper canine when the mouth is
closed (in those allied creatures which have an undoubted
upper canine) ; (iii.) because it is cut later than the others
(Owen}.

These three reasons are weak, because (i.) form is a
very unsife guide to homology, and as to the lateness of its
development (iil.), it succeeds to the third incisor, by Pro-
fessor Owen’s own showing, after about the same lapse of
time which separated the eruption of the second and third
incisors. Moreover, Oreodon, an extinet Ruminant with
caniniform teeth, has the eight incisors in the lower jaw in
addition to @ caniniform tooth, which s the fifth tooth counting
from the front. With reference to the relative positions of
the upper and lower teeth, determining which is and which
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is not “the canine,” (ii.) no one, looking at the dentition
of Oreodon, would be inclined to hesitate which teeth he
should call “canines;” yet the lower caniniform tooth
shuts behind the upper, and therefore, according to this
test, is not a true canine.

In the Lemurs there are similarly eight proecumbent
teeth oceupying the front of the lower jaw, of which the
outermost pair are called canines, although not in the
smallest degree meriting that name for any other reason
than that they close in front of the caniniform tooth of the
upper jaw, for they are just like the other incisors.

But it is in the Insectivora that the greatest difficulties
oceur. '

To the mole no less than four dental formulae have been
assigned, all turning upon the identification of the eanine.
The difficulty is this : the upper tooth, which looks like a
canine, has two roots, it is implanted (and its deciduons
predecessor also lay) (Spence Bate) within the limits of
the pre-maxillary bone. And besides this, the lower
tooth, which answers the purpose of, and looks like, a

(1) Oreodon Cutbertsonii (after Leidy).” It will be observed that in the
upper jaw the four premolars of the typical mammalian dentition are be-
hind the *canine,” but that in the lower jaw the tooth which would fulfil

the functions of a canine is the first of these four, and therefore is not the
corresponding tooth to the * canine ™ in the upper jaw.
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canine, closes behind instead of in front of the great upper
tooth.

Fig. 107. (1)

Ericulus has a sharp, long, two-fanged tooth, in pattern of crown
an enlarged premolar, in position of upper canine, and no canini-
form tooth in lower jaw.,

C'entetes has typical canines, like a Carnivore.

Hemicentetes, the so-called canine differs in no respect from the pre-
molars behind it.

Frinaceus. So called upper canine two-rooted, and like the pre-
molars which follow behind it.

Gymnura, Upper canine-like tooth has two roots ; a single-rooted
lower pointed tooth closes in front of it.

Macroscelis and Petrodromus. The third or outermost incisor is
two-rooted, long, and sharp, and plays the part of a canine.

Potamogale, A small tooth, in no respect different from the other
premolars, is called a * canine.”

Nothing but the most arbitrary misapplications of a de-
scriptive name, such as that of “ canine,” can be made to
include the corresponding teeth even in those few Insecti-
vora above indicated, for the tooth which is so formed as
to do the work of a canine, is sometimes obviously an in-
cisor, sometimes equally obviously a premolar,

' (1) Upper and lower teeth of the common Mole. In it, justas in Oreadon,
the teeth which fulfil the funetions of canines are not corresponding teeth in
the upper and lower jaws.
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In some of the groups no tooth has heen lengthened
and pointed, so as to serve as a canine ; in others it is the
wrong tooth, 7.¢., not the same tooth as is in the Carnivora,
or as in other Insectivora. Consequently, in the Insectivora
the elevation of a tooth into caniniform length and charac-
ter is a mere adaptive modification, which may affect an
incisor, or a premolar, or no tooth at all ; and therefore to
insist upon calling some tooth a canine in every instance
is to invent a difficulty, and to seck for that which does
not exist.

It appears to me that it would be exceedingly incon-
venient to abandon the use of the term * canine ;" for the
tooth so designated is so very generally  caniniform,” that
it would give rise to much inconvenience in nomenclature ;
all that T would urge is, that it is an adaptive modification
common in a large majority of Mammalia, but that there
is no sufficient ground for seeking to call teeth * canines”
in animals in which no such functional modification of any
tooth exists; it would then be perfectly right to call such
a tooth as the third upper incisor of Macroscelis canine,
inasmuch as we should mean nothing more than that it
was some tooth or other which performed the function of
a canine,

Thus the result of all investigations into the homologies
of Mammalian teeth may be summed up somewhat in the
following manner,

The evidence of a common pattern, which is traceable
in incisors, canines, premolars, and molars (see page 15),
would seem to indicate that their special forms have been
all derived from modifications of some much more simple
form, and that if we are ever to find what might he
called a parent mammalian dentition, it will be nearly
«“homodont : ’ that is to say, the several teeth will not
differ much from one another in size and shape, just
as we see to be the case in the dolphin, or the arma-

dille,



264 A MANUAL OF DENTAL ANATOMY.

If we were able to place in unbroken series all the den-
titions through which, by progressive modification, the
original almost homodont dentition had passed into a
highly specialised dentition, like that, say, of the cat, it
would be a matter of impossibility to fix upon any point
where we should be justified in asserting that here the
homodont dentition has recently become heterodont : at
this point, for the first time, we have incisors, canines,
molars,

As a matter of fact, a large number of extinet Ungulata
had the full typical number of mammalian teeth, viz.,
forty-four, and in some the individual teeth, ineisors,
canines, premolars, and molars, passed into one another by
insensible gradations, and contiguouns teeth were but little
differentiated from one another. Professor Flower has de-
seribed and figured such an extinet Ungulate under the
name of Homalodontothertum (Philos. Trans., 1874). It is
exceedingly interesting to find that back in geological
time the dentitions were more generalised, both carnivorous
and herbivorous mammals of the Eocene period usually
possessing the full typical number of teeth, and displaying
less of special modification ; but the few forms of life which
have heen handed down in a fossil state do not as yet offer
us by any means an unbroken chain of forms differing
from one amother by progressive modifications, except in a
few cases : thus the ancestry of the horse 1s now pretty
completely known to us. Bearing in mind that the several
kinds of teeth have probably a common origin, the homo-
logical differentiation in the ineisors, premolars, and molars
may be advantageously admitted, and made use of as a
basis for comparing and classifying the teeth of different
animals.

It is nsually said that when inecisors are missing from
the full typical number, they ave lost from the outer end
of the series: that is to say, if there is but one incisor it
ig IT ; af two, I, and I,
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There are many exceptions to this: e.g., the first incisor
is the first to disappear in the otter, walrus, and some few
others, |

When premolars are missing, it is said that they are lost

from the front of the series. This is generally true, but
the following exceptions may be given. In bears the
second premolar is often absent, the first being very con-
stant ; the same thing is true of many bats ; in Dasyurus
the third, or hindmost (it being a Marsupial) is absent, the
first two being present. :
. A difficulty at times occurs in deciding whether a tooth
is to be regarded as a premolar, or as a milk tooth, as there
are many so-called permanent teeth which are lost early
in the litetime of the animal.

Professor Flower gives an instance of this in the hippo-
potamus : the first premolar appears with the milk teeth ;
it probably has no predecessor, and is shed in middle life,
But in allied forms the corresponding tooth remains in
place throughout the creature’s life.

The wart hog is a conspicuons example of the early loss
of teeth which clearly belong to- the permanent series,
ail the teeth (premolar and molar) in front of the last
great. molar Deing cast off, and the dentition ultimately
reduced to—

s
b

That general correspondence, which is found to exist
between the dentitions of various animals, extends also to
the patterns of individual teeth, so that we are able to
trace out the various stages by which complexity of pattern
has been arrived at.

In what might be termed a typical tooth we should have
a single central pulp cavity surrounded by a body of hard
dentine ; over the crown this would be coated by enamel,

(*) This is ascertained by the examination of allied forms, in which the'
third premolar is found to be so small as to be rudimentary.

T
1 I
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whilst the whole, crown and root, would be invested by a
layer of cement, .

The layer of coronal cement may be so thin as to be
merely rudimentary, as in Man or the Carnivora ; or the
investment with enamel may be only partial, as upon
the front of a Rodent incisor ; or a tooth may be com-
posed solely of a mass of hard unvascular dentine, as in the
teeth of the Wrasses.

And just as endless varieties of teeth may be produced
Dy the suppression, or partial suppression, of certain of the
tissues, so differences may be brought about by the oceur-
rence of other than the three usual tissues, Thus the
remains of the central pulp cavity often becomes occupied
by calcified pulp, forming “osteodentine ;” this, which
oceurs in man as an almost pathological condition, is per-
feetly normal in many animals ; in the sperm whale, for
instance, or in the constantly growing teeth of the sloth,
the central axis of which are occupied by dentine per-
meated by medullary canals.

It is not so much the complexities induced by variation
in minute structure that concern us here, as those brought
about by the arrangement of the different tissues.

If we take a simple conical tooth with one cusp, such as
a canine, and grind or wear down its apex till the terminal
portion of enamel is removed, its blunted end will present
a more or less circular area of dentine, surrounded by a
vim of enamel. If we imagine a tooth with four long
similar cusps, we shall at a certain stage of wear have four
such areas, while eventually, as the tooth gets worn down
below the level of the bases of the cusps, there will come to
be a single larger area of dentine surrounded by enamel.
Thus, in those teeth, the grinding surfaces of which are
rendered complex in pattern by the presence of several cusps,
the pattern changes from time to time as the tooth wears
down : while the addition of thick cementum filling up the
interspaces of the cusps adds a further element of com-

NI R Y S—



THE TEETH OF MAMMALS, ' 267

plexity, as is scen in the teeth of most herbivorous crea-
tures. The change of pattern induced by the wearing
down of the surface to a lower level is well and simply
illustrated by the ¢ mark ” of the incisor teeth of a horse.
In an uncut, and therefore perfectly unworn tooth, such
as is represented in the figure, the condition of the apex
may be compared to the finger of a glove, the tip of which

Fig. 108. (1)

has been pushed in or invaginated. The depression so
formed is, like the rest of the surface, coated with enamel,
and with a thin layer of cementum.

When the tooth is worn down to a considerable extfent,
we have a field of dentine, in the centre of which is an
oval ring of enamel ; within this a space filled with the
débris of food, &e. This constitutes the mark, and as the
tooth becomes further worn down, below the level of the
bottom of the pit, the mark disappears, and a plain area
of dentine results.

Not only may inflections of the surface and of the enamel
take place from the grinding surface, but they also abun-
dantly oceur upon the sides of the tooth. The inflection
of the surface, which in the incisors of the horse, is of the
simplest possible form, may be cruciform, or variously
waved and broken up, thus leading to all sorts of com-
plications of surface, As the tooth hecomes worn, the longi-
tudinal inflections, running in from the sides, may also be
oblique, or variously waved, or they may extend through

(*) Apex of crown of an upper incisor of a Horse, not yet completely
formed.



268 A MANUAL OF DENTAL ANATOMY.

the entire width of the tooth, thus entting it into a series
of plates of dentine and enamel, fused into one tooth by

the cementum (see fig. 112).

Fig. 109. (%) Fig. 110. ()

Interesting as have been the discoveries made of late

years in mammalian paleontology, it is not as yet by any

means possible to determine from what common pattern or

patterns all complex mammalian teeth may be considered

to have been derived ; though the pattern of some, for ex-
ample, of the molars of the horse, may be traced back in
increasing simplicity through a number of parent forms.
Enough has, however, been done to indicate that by care-
ful study many complexities of pattern may be referred
to a few particular types, and thus be simplified by a

(1) Horse incisor, in longitudinal section.
(%) Horse's incisors, showing the mark at various ages.

e i, e i
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comparison with other allied forms, in which essential
characteristies are not masked by minor complications.
Starting from the human tooth, as being familiar to us
all, a quadrate crown, with four cusps at its corners,
18 common to many animals ; the oblique ridge (fig. 8)
present in some apes, not in others, is met with also in
some Insectivora, eq. the Hedgehog. Around the neck of
many teeth runs a pronounced ridge, the “ cingulum ” (see
page 9), and this may be produced up into additional
CUSPS.

A very instructive series of comparisons of the molar
teeth of Insectivora has been made by Mr, Mivart (Journal
of Anat. and Physiol,, 1868), pointing out that within
the limits of this group a great variety of patterns is met
with, the several modifications being connected by transi-
tional forms.

It would appear that upon the molar teeth (upper) of
Insectivora there are four principal cusps (lettered a, b, ¢, d,
in the figure) which are more or less connected by ridges ;
such simple teeth are met with in the elephant mice
(Macioscelides), and hedgehog.  The cingulum is well
developed in most of the group, and the further complexity
of the erowns, which often bristle with sharp points, is
brought about by the elevation of the cingulum into long
sharp points, equalling, or exceeding in length, the prin-
cipal cusps of the tooth. ‘ :

Thus in Urotrichus, a Japanese creature having affinities
with the mole, the external cingulum is elevated into three
distinct pointed cusps, united by ridges with the two prin-
cipal cusps, an arrangement which gives a sort of \W pat-
tern to the surface, while to the inner side the cingulum
torms another cusp, so that there are in all eight Cusps ;
the common mole has the third cusp developed from the
outer cingulum, but its two inner principal cusps are
f !1.-;55{1 tq;gutl{ur and lose their distinctness. The suppres-
sion and fusion of cusps is carried to a much agreater extent
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in the compressed teeth of the iridescent mole (Chryso-
chloris), but there are intermediate forms which render 1t

Fig. 111 (1)

easy to identify its several parts with those corresponding
to them in the mole or in Urotrichus.

Speaking generally, 1t may be said that new cusps are
added to the number already existing, by the cingulum
becoming elevated into points ; it is not very unusual to
sge subsidiary cusps, obviously originating in this way,
upon human molars. ;8

Ridges may variously connect the cusps; and the co-
alescence of two or more cusps to form an exceedingly
clevated point is illustrated by the carnassial tooth of
Carnivora ; to this transtormation certain marsupial teeth
form the ciue, as they afford unquestionable evidence of
such coalescence, by a gradational series of small modifica-
tions in this direction ocewiring in allied creatures.

A simple pattern of tooth is formed by the junction of
the two anterior and two posterior eusps by simple ridges ;
and the cingulum may connect the outer ends of these two
yidges ; such a tooth is seen in the Tapir and in the

() Upper molar teeth of (A) Urotrichus; (B) Mole ; and (C) Chrysochloris.
The four principal cusps are lettered a, b, ¢, o, in each of the figures. In
A the cingnlum has been elevated so as to foum three additional cusps on
the exterior of the tooth, and one additional cusp on the interior, B and
¢ show the fusion of certain of these cusps, and the eonsequent diminution

in their number. (From Mivart.)

e
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Palwothertum. By the varied obliquity of these ridges,
and by the introduction of secondary inflections, patterns
apparently dissimilar are arrived at. '

In the molar tooth of the horse, arrived at by a modifi-
cation of the Paleotherium type, we have a surface con-
stantly kept rough by the varying hardness of its different
constituents,

In a worn tooth, we have upon a general field of dentine
two islands of cementum, bounded by tortuous lines of
enamel, and on the inner side a sort of promontory of

Frg. 112. (1)

dentine, bounded by enamel. The fortuous lines of enamel
by virtue of their hardness will, at all stages of wear, be
more prominent than the dentine or the cementum, and
will hence maintain the efficiency of teeth as grinders,

The patterns of grinding surface thus'produced, are very
constant for allied species, so that an individual tooth
of a herbivore may sometimes be correctly referred to one
genus, and always to its family,

But as it will be necessary to recur to this subject from
time to time, it will suffice for the present to point out that
such correspondences do exist, and that all the com-

() Molar tooth of Horse, showing the characteristic pattern of its grind-
ing surface,
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plexities of pattern found, may,in practice, be reduced to
some few types.

The development of additional cusps from up-growths of
the cingulum, the suppression or fusion of pre-existing cusps,
may be traced by a comparison of the teeth of allied animals,
and thus connecting links are found between patterns at
first sight very dissimilar, The order Proboscidia affords,
however, so instructive an example of the manner in which
an exceedingly complex tooth has been derived from a
simple one, that it may be mentioned in this place as an
example,

The tooth of the elephant is so strikingly unlike other
teeth that it might at first sight be supposed that it
is more essentially different than is really the case. The
clue to its nature is afforded by the teeth of an extinet
Proboscidian, the Mastodon, If we take as our starting
point the second true molar of one of the Mastodons
(Tetralophodon) we find its crown to be made up of four

Fig. 118. (O

strongly pronounced transverse ridges, the summits of which
are made up of rounded eminences (whence the name

(1) Second upper malar of Mastodon (longirestriz), from Falconer. About
one-gighth natural size. The four transverse ridges, b, ¢, d, ¢, are seen to
e, to some extent, divided into outer and inner divisions by a longitudinal
¢left, much less deep than the transverse indentation, At-the front there
is a slight elevation of the cingulum into a * talon ¥ (), and a similar one
at the back of the tooth ; by its further elevation additional ridges or cusps
would be formed,

i e i
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Mastodon, from paoros, a nipple). The three transverse
ridges coalesce at their bases, and the crown is supported
upon a number of rocts corresponding to the ridges.

If we take the next tooth, the third true molar, the
general character remains the same, save that there are five
ridges, and indications of as many roots ; still the general
correspondence of the ridges with the cusps of less aberrant
teeth is obvious.

The erown is coated by enamel, over which there is a
thin layer of cement, which does not fill up the whole
interval between the ridges,

Thus the tooth isnot a very aberrant one ; it is ohviously
nothing more than a tooth in which the somewhat nume-
rous cusps arve connected by transverse ridges, and are very
long and strongly pronounced,

To convert the tooth of a mastodon into that of an
clephant, we should have to multiply the number of ridges,
to further increase their depth, to fill up solidly the inter-
spaces hetween them with cementum, and to stunt the
roots, The completed tooth of an elephant is a squarish
or rather oblong mass, from the base of which spring con-

Fig. 114. (V).

tracted and stunted roots. It comsists of 4 common pul

cavity, small in proportion to the bulk of the tooth, and

(") Molar tooth of an Asiatic Elf:]}hailt, showing the

transverse plates of
dentine bordered by enamel. b

i,
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deep down in the mass, from which many thin lamine are
sent up towards the surface, each consisting of an oblong
area of dentine enclosed by enamel ; and the inferspaces of
these exaggerated cusps are solidly filled in by cementum.

Between the Mastodon and the Indian Elephant are a
number of transitional forms in which we are able to trace
the gradual modification of the not excessivelvy aberrant
tooth of the Mastodon into the very peculiar huge molar
of the Indian Elephant.

The numerous transverse plates of the elephants’
grinders are united by dentine at their bases, and a com-
mon pulp cavity and truncated roots ave formed; but
in this last respect the molar teeth of the capybara
depart still farther from the ordinary type, for being molars
of persistent growth, their numerous transverse plates of

Fig. 115. (1)

dentine and enamel do not become continuous, and there
is no eommon pulp cavity. It is as though in an elephant’s
grinder the plates, which are for a long time distinet,
never coaleseed, but continued to grow on separately, being
united with their fellows by cementum only.

(1) Molar of Capybara, showing the transverse plates of dentine and
enamel united to one another Ly cementum.

= i
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THE MILK DENTITION.

Some thirty years ago Professor Owen called attention to
the fact that those mammals in whom the teeth situated in
different parts of the mouth were alike in form (homodonts),
developed only one set of teeth, and to indicate this charac-
teristic he proposed for them the term “monophyedonts.”
Those which, on the contrary, had teeth of different size
and form in various parts of the mouth (heterodonts), de-
veloped two sets of teeth; a “milk ” set, which was dis-
placed by a permanent set, and this peeuliarity he expressed
by the term “diphyodonts” As originally set forth, the
terms homodont and monophyodont were interehangeable,
for they designated the same groups of animals: in the
same way heterodont was an equivalent for diphyodent.

But although this is true of a large number of animals,
it is not true of all, and it beeomes necessary to note some
of the exceptions.

The nine-banded armadillo (Zatusic peba) is a true
homodont : its teeth are all very nearly alike, they are
simple in form, and they grow from persistent pulps. Yet
it has been shown by Rapp, Gervais, and Professor Flower,
to have a well developed set of milk teeth, retained until
the animal is of nearly full size.

Thus it is a true diphyodont, at the same time that it is a
true homodont mammal. But no milk dentition has been
observed in the sloths, nor indeed at present has it been
seen In any other armadillo (except the doubtfully distinet
T. Kappleri) ; nor have milk teeth been found in any
Cetacean, so that the rest of the homodont animals are, %0
far as we know, really monophyodont,

Upon the whole, our information respecting the “ milk ”
or deciduous dentition is defective ; but much light has
been thrown upon the subject by the Investigations of
Professor Flower (Journal of Anatomy and Physiology,
1869, and Transactions Odontological Society, 1871), of
whose papers I have made free use in this chapter,

T 2
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The perpetual rveplacement of teeth lost, or shed in
regular course, which characterises the dentitions of fish and
reptiles, finds no parallel in the case of mammals, none of
whom develop more than two sets of teeth.

Just as homedent mammals as a rule develop but one
set of teeth, so heterodont mammals as a rule develop two
sets of teeth, though exceptions to this rule-may be found.

The deciduous or milk set of teeth may be of any degree
of completeness ; the milk teeth in man answer the require-
ments of the ehild up to the age of seven years, and in the
Ungulata they commonly remain antil the animal has
assumed its adult proportiens. On the other hand, 1n
many “diphyodont” animals the milk teeth disappear
very early indeed, as in the mole (see Fig. 107) ; whilst
there are many instances of the milk teeth being absorbed
in utero. So that in the extent to which the milk teeth
are developed, the greatest variability is found to exist.

A perfectly typieal milk dentition represents, upon a
reduced scale, the adult dentition of the animal, with the
exception only that sexual differences are but feebly
marked, if indeed they ave at all present.

Thus, as a general rule, the hindmost of the milk teeth
hear more resemblance to the true molars which come up
behind them, than they do to the premolars which come up
from below to displace them, which latter are generally of
simpler form.

Tn what may be termed the normal arrangement, each
tooth of the milk series is vertically displaced by a tooth of
the permanent series; but plenty of examples may be
found of particular milk teeth which have no successors,
and, on the contrary, of individual permanent teeth which
have never had a deciduous predecessor.

1t has already been mentioned that, amoengst homedonts,
no succession of teeth has been observed in the Cetacea,
nor in any other of the Edentata, save the armadillo ;
amongst heterodonts there are several Rodents which have
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no deciduous teeth, e.g., the rat ; the dugong has probably
deciduous incisors, but no other milk teeth ; the elephant
has no vertical succession, save in the incisors,

Among Marsupials, which are true heterodonts, there is
only one milk molar on each side in each jaw ; this is
always displaced by the third or last premolar ; but the
milk tooth varies in the extent to which it is developed
from being rudimentary in Thylacinus, probably absent
altogether in Dasyurus and Phascolarctus, to being a large
tooth retained in full use till the animal is nearly full
grown in Hypsiprymmus,

Fig. 116. (1)

() Permanent and milk dentitions of a Dog; the latter is well de.
veloped. Nat. size. .
(*) Permanent and milk dentition of a Sea

‘ L*(Phoca Greenlandica). Nat.
size,
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Fig. 118. ()

4 nat size 0

Fiy. 119. (1)

+nal size

Within the group Carnivora, the dog and many others

have a thoronghly well developed set of milk teeth, which

do service for some time ; in the bear the milk teeth are

relatively smaller, and are shed very early ; in the seal the

milk teeth are rudimentary, functionless, and are absorbed

Defore birth, so that in the specimen figured the milk in-
cisors had already disappeared (see fig. 117).

(1) Permanent and milk dentition of an Elephant Seal (Cystophora pro-
Boscidea.

(%) Teeth of the truly monophyodont Grampus (Orca eapensis). From
Flower.
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- In the elephant seal (fig. 118) the milk teeth are yet more
rudimentary, and the difference between its dentition and
that of the wonophyodont homodont Cetacean (Grampus)
is not great ; an observation which is the more interesting,
inasmuch as this seal in other characters than its teeth ap-
proaches towards the Cetacean group. From these facts,
which are well indicated in the accompanying figures, Pro-
fessor Flower argues that the permanent set of teeth of
diphyodonts correspond to the single set of monophyodonts,
so that the milk dentition, when it exists at all, 1s some-
thing superadded.

Whether this be so is a question difficult to determine ;
from the facts advanced by Professor Flower, while they
stood alone, most people would, with little hesitation, con-
cur with his conclusions ; but the history of the develop-
ment of the teeth interposes a fresh difficulty.

The tooth germ of the milk tooth is first formed, and
the tooth germ of the permanent tooth is derived from a
portion (the neck of the enamel germ) of the formative
organ of the milk tooth (see fig. 62). Again, in most of
those animals in which there is an endless suceession of
teeth, such as the snake, the newt, or the shark, each suc-
cessive tooth germ is derived from a similar part of its pre-
decessor, the natural inference froan which would be that
the permanent set, being derived from the other, was the
thing added in the diphyodonts,

The question cannot be finally settled until we know
more of the development of the teeth of the monophyoedont
Cetacea : thus it might turnout that in them also there are
abortive germs of milk teeth formed, which do not go on so
far as calcification, but which do bud off, as it were, germs
of permanent teeth; if such should prove to be the case,
this would bring their teeth into close correspondence with
those of the elephant seal,

The investigation of these questions is further compli-
cated by the fact that there are quite numerous instances
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of “permanent” teeth ; that is teeth unquestionably be-
longing to the second set, which are shed off early, and do
not remain in place through the lifetime of the animal ; an
example of this is to be found in the Wart Hog (Phacocherus),
which loses successively all its premolars and the first and
second true molars, the last true molar alone being truly
persistent.

Sometimes nothing but a careful comparison of the teeth
of allied creatures will enable us to decide whether a par-
ticular tooth is to be referred to the milk or to the perma-
nent series ; as occasionally teeth of the latter set are cut
very early, at a time when the milk teeth are all in place,
and are shed during adult life. * Professor Flower gives, as
an example of this, the first premolar of the hippopotamus.




CHAPTER IX.

THE TEETH OF MONOTREMATA, EDENTATA, AND
CETACEA.

MONOTREMATA.

T Echidna, or Spiny Ant-eater has no teeth whatever,
and the strange Ornithorhyneus (duck-billed Platypus) 1s
also destitute of true calecified teeth.

In the place of teeth its flattened bill 1s furnished with
eight horny plates, two on each side of each jaw. We
may therefore pass at once to the orders Edentata and
(letacen, which it is convenient to take first, as their
dentitions are of that simple form designated by the term
* Homodont.”

THE TEETH OF EDENTATA (BRUTA).
Sloths, Armadillos, Ant-eaters.

The term Edentata was applied to the animals of this
order to indicate the absence of incisors (teeth in the inter-
maxillary bone) : though this is true of most of them, a
few have upper incisors, but the central incisors are in all
cases wanting.

Some of them are quite edentulous; this is the case in
the Mutica, or South American Ant-eaters (Myrmecophaga
and Chyelothwrus), in which the excessively elongated jaws
cannot be separated to any considerable extent, the mouth
being a small slit at the end of the elongated muzzle.
Food is taken in by the protrusion of an excessively long,
whip-like tongue, which is covered by the viseid secretion
of the great sub-maxillary glands, and is wielded with
much dexterity, The Manis, or Scaly Ant-eater is also
edentulous.
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Odontologists have been in the habit of dividing the
Mammalia into two divisions, the Monophyodonts, or those
which developed but a single set of teeth, and Diphyodonts,
or those which developed two sets of teeth.

Of Monophyodonts it may be said that their teeth are all
much alike, so that it is not possible to differentiate them

into incisors, canines, and molars ; hence they are called .

“ Homodont,” whilst on the contrary Diphyodonts, having
differentiated teeth, are termed * Heterodont.”

The Edentata helong to the monophyodont or homodont
section of Mammalia ; but, in some, certain teeth are more
largely developed than others, so that we have teeth which
might Dbe termed canines, and it has already been men-
tioned that one armadillo, at all events, is diphyodont.
Still, bearing in mind these exceptions, the terms mono-
phyodont and homodont are convenient, and may still
be kept in use, as they are true as applied to most of
the order.

The teeth are of simple form, and do mot in any
marked degree differ in the different parts of the mouth,
except only by their size (to this the canine-like tooth of
the two-toed sloth is an exception). They are all of
persistent growth, and therefore no division of parts into
crown, neck, and root is possible : they consist generally of
dentine and cement, with sometimes the addition of vaso-
dentine, into which latter the central axis of the pulp 1s
converted ; while in some members of the order other
peculiarities of structure exist; thus in the Orycteropus
(Cape Ant-eater), dentine like that of Myliobates is found,
and in the Megatheriwm hard dentine, a peculiar vaso-
dentine, and richly wvascular cementum co-exist (see
Fig. 36).

I am not aware that enamel has been seen upon the
teeth of any Edentate animal, but I found some years ago
that the tooth germs of the nine-banded armadillo were
provided with enamel organs; this, however, proves
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nothing, for, as I have elsewhere written (Philos. Trans.,
1876), 1 believe the presence of enamel organs to Lae.
universal and quite independent of the after formation of
enamel.

_ The teeth of the nine-banded armadillo (T peba) will
serve to illustrate the character of the dentition of the
class, They are seven in number on each side of the jaw,
of roundish form on section, and those of the upper and
lower jaws alternate, so that by wear they come to termi-
nate in wedge-shaped grinding surfaces : before they were
at all worn they were bilobed, as is shown by the figure of
the tooth germ on page 128.

In the accompanying figure the milk teeth are represented,
and beneath them their permanent successors : the divari-
cated bases of the milk teeth are due to the absorption set
up by the approach of their successors, and not to the

Fig. 120. (%)

X2 N.S

formation of any definite roots. Successional teeth have
been detected in this armadillo only (except also in T
Kappleri, which is perhaps a mere variety); but material
does not exist in our museums which would enable us to
positively deny their occurrence in other forms.

. Professor Flower has failed to discover any succession of
teeth in the sloths, and I have myself, through the kindness
of Professor Garrod, examined microscopically the jaws of
a feetal Choleepus, in which the teeth were but little

(1) Lower jaw of a young Armadillo (Tafusia pebe), showing the milk-
teeth (7) in place, and their successors (b) beneath them, From a specimen
in the Museum of the Royal College of Surgeons.
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caleified, and failed to detect any indication of a second
set of tooth germs. The probability is, therefore, that
they are truly Monophyodont,

In the armadillos the teeth are always of simple form
and about thirty-two in number, except in Priodon, which
has as many as a hundred teeth, a number altogether
exceptional among mammals,

Sloths have fewer teeth than armadillos, and they are
softer in character, the axis of vaso-dentine entering more
largely into their composition, and forming as much as
halt the bulk of the tooth.

The Oryeteropus, or Cape ant-eater, the peculiarities of
whose teeth have already been alluded to, has about twenty-
six teeth in all ; the true ant-eaters are edentulous., The
teeth of some of the gigantic extinet Edentates were a little
more complex in form and structure (see page 75) ; thus the
teeth of the Glyptodon were divided by longitudinal grooves,
which in section rendered it trilobed ; and the teeth of
the megatherium were likewise marked by a longitudinal
furrow.

In their persistent growth, uniformity of shape, and
absence from the inter-maxillary bone, they strictly con-
formed with the teeth of recent Edentata,

THE TEETH OF CETACEA,

No Cletacean is known to develop more than one set of
teeth, and these, when present in any considerable num-
bers, closely resemble one another in form.

They are usnally composed of hard dentine, with an in-
vestment of cement ; after the attainment of the full
dimensions of the tooth what remains of the pulp is very
commonly converted into secondary dentine; tips, and
even entire investments of enamel, are met with in many

of the order,
The dentine of many Cetaceans, ¢. g, of the sperm whale,
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is remarkable for the very numerous interglobular spaces
which it contains ; these are clustered in concentric rows,
so as to give rise to the appearance of contour lines. The
cement is often of great thickness, and the lacune in 1t
are very abundant ; its lamination is also very distinct.

In the dolphin the teeth are very numerous, there being
about 200 ; they are slender, conical, slightly curved in-
wards, and sharply peinted ; as they interdigitate with

Fig. 121. (1)

one another there is very little wear upon the points, which
consequently remain quite sharp. The largest teeth are
those situated about the middle of the dental series.

Many variations in the number and form of the teeth
are met with ; the porpoise has not more than half the
number of teeth possessed by the dolphin, while the gram-
pus has still fewer. The teeth of the grampus become
worn down on their opposed surfaces, and coincidently

Fig. 122, (%)

tnal size

(*) Jaws of a common Porpoise.
(*) Teeth of upper jaw of a Grampus,
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with their wearing away the pulps become calcified, In
the Oxford museum there is a grampus in which, owing to
a distortion of the lower jaw, the teeth, instead of inter-
digitating, became exactly opposed to one another; the
consequence of this was that the rate of wear was greatly
increased, and the pulp cavities were opened before the
obliteration of the pulp by calcification, so that the pulps
died and abscesses around the teeth had resulted.

In the sperm whale the teeth are numerous in the lower
Jaw, but in the upper jaw there are only a few curved,
stunted teeth, which remain buried in the dense gum,
The teeth of the lower jaw are retained in shallow and
wide depressions of the bone by a dense ligamentous gum,
which, when stripped away, carrvies the teeth with it.
Every intermediate stage between this slight implantation
and the well-developed stout sockets of the grampus, is
met with among the Cletacea,

In the bottle-nosed whale (Hyperoodon bidens) the only
large teeth present are two conical, enamel-tipped teeth
(sometimes four) which remain more or less completely
embedded within the gum, near to the front of the lower
jaw : in addition to these there are 12 or 13 very small
rudimentary teeth loose in the gums of both jaws. (Es-
chricht, Lacépede.)

In the narwal (Monodon menoceros) two teeth alone per-
sist, and these are in the upper jaw. In the female the
dental germs become calcified, and attain to a length of
about eight inches, but they remain enclosed within the
substance of the bone, and their pulp cavities speedily fill
up. In the male, one tusk (in some very rare instances
both) continues to grow from a persistent pulp till it at-
tains to a length of ten or twelve feet, and a diameter of
three or four inches at its base. This tusk (the left) 1s
quite straight, but is marked Dy spiral grooves, winding

(1) Trans. Odontol. Society, 1873. When I wrote this paper T was not
aware that Eschricht had previously published a similar observation.
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from right to left. It is curious thatin specimensin which
the two tusks had attained to equal and considerable

Fig. 123.1)

lt:ngth, the spirals on the two wound in the same direc-
tion ; that is to say, as vegards the sides of the head, the
spirals were not symimetrical with one another.

(") Cranium of Narwal (Monodon MONOCeros)
=3 _ | . a. Stunted tooth, with
;II;:. ha:nllpulp-r:avrt}r obliterated. -5 Long tusk. The small ligure, giving
he whole length of the tusk. shows the proportion whiclh it bear
rest of the skull, : PRURRAG M
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The tusk of the male narwal may fairly be assumed to
serve as a sexual weapon, but little is known of the habits
of the animal.

Professor Turner has lately noted the occurrence of two
stunted incisor rudiments in a feetal narwal: fhese ob-
viously represent a second pair of incisors, and are sitnated
a little behind the pair of teeth which attain to more con-
siderable dimensions. All trace of this second pair of in-
cisors is lost in adult skulls,

The Cetaceans classed together as Ziphoids have no teeth
in the upper jaw, and in the lower jaw only two (in a
single species there are four) teeth which attain to any
considerable size, though other rudimentary teeth have
been formed in the dense gum.

The structure of these teeth is very peculiar : a tooth of
a species of Ziphius in the Oxford University museurn,
which was described by Mr. Ray Lankester, consists in
areat part of osteo-dentine and cementum, the true dentine
heing merely a little fragment situated at the top, and
not forming more than a tenth of the whole bulk of the
tooth,

Ziphius Layardii has teeth nearly a foot long projecting
upwards from the lower jaw, which arch fowards one
another, above the upper jaw, so that they must prevent
the mouth from being opened to any considerable extent.

Secondary dentine is formed in large quantities in the
pulp eavities of Cetacean teeth ; in this secondary dentine
alobular coneretions abound, and the dentinal tubes are very
fine and numerous, but disposed with great irregularity.

The whalebone whales are, in the adult condition, des-
titute of teeth, but prior to birth the margins of both
_upper and lower jaws are covered with a series of nearly
globular rudimentary teeth, which become calcified, but
are speedily shed, or, rather absorbed.

From the upper jaw of an adult whalebone whale there
hang down a series of plates of buleen, placed transversely to
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the axis of the mouth, but not exactly at right angles to it
The principal plates do not extend across the whole width of
the palate, but its median portion is occupied by subsidiary
smaller plates, The whalebone plates are frayed out at
their edges, so as to be fringed with stiff hairs, and their
fringed edges collectively form a concave roof to the mouth,
against which the large tongue fits, so as to sweep from the
fringes whatever they may have entangled. The whale in
feeding takes in enormous mouthfuls of water containing
small marine mollusea ; this is strained through the baleen
plates, which retain the Pteropods and other small erea-
tures, while the water is expelled. Then the tongue sweeps
the entangled food from the fringe of the baleen plates and
it 1s swallowed. Each plate consists of two dense but
rather brittle laminge, which enclose between them a tissue
composed of bodies analogous to coarse hairs. By the pro-
cess of wear the briftle containing laminz break away,
leaving projecting from the edge the more elastic central
tissue, in the form of stiff hairs.

Each plate is developed from a vascular persistent pulp,
which sends out an immense number of exceedingly long
thread-like processes, which penetrate far into the hard
substance of the plate. Each hair-like fibre has within its
base a vascular filament or papilla: in fact, each fibre is
nothing more than an accumulation of epidermie cells, con-
centrically arranged around a vascular papilla, the latter
being enormously elongated. The baleen plate is composed
mainly of these fibres, which constitute the hairs of its
frayed-out edge, but in addition to this there are layers of
flat cells binding the whole together, and constituting the
outer or lamellar portion,



CHAPTER X,

THE TEETH OF UNGULATA.

IN the two orders just considered, the Cetacea and
Edentata, a single set of teeth would seem to be the rule,
and most members of these orders are, so far as is known,
both monophyodont and homodont. But in all orders that
remain to be considered a Diphyodont dentition, the milk set
varying from the merest rudiments to full development, will
be the rule ; and bemg diphyodont, they are for the most
part heterodont, that is to say, t]1e teeth differ from one
another, and we can distinguish them into incisors, canines,
premolars, and molars. Hence we are able to assign to
them a dental formula, and an extended survey of mam-
malian forms lends strong support to the idea that the
typical dental formula, in which the fuil normal mamma-
lian number of teeth is present, 1s

i—g c lrlprm %m % = 44,

Very many have less than this full number: only few a
have more ; and it is not a little interesting to find that
among extinet mammalia, and especially among extinet
uugu]ata, the typical dentition was more often present than
amongst recent animals. Indeed it may be said that most
mammals of the Eocene period had the full typical mam-
malian dentition.

Ungulate, or hoofed animals are grouped thus :(—

(i.) Artiodactyles, or Hippopotamus, Pigs, Anoplotherium,
even-toed Ungulata ) Cows, Sheep, Deer, and other Ruminants
(ii.) Perissodactyles, or
Ungulata with an

Horses, Tapirs, Rhinoceros, Paleotherium
odd number of toes l!

(1) For the sake of uniformity with the formule of vther authors, iz
canine is specified in the typical dentition ; its true significance has been
discussed at page 260.
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The distinction between the two groups is strongly marked, if
living animals alone be considered ; but, as Professor Huxley has
pointed out, increasing knowledge of fossil forms is tending to
break down the line of demarcation.

The recent forms bear, in all probability, but a very small pro-
portion to the extinet Ungulata, of which our knowledge is as yet
but fragmentary ; though the discoveries of Professors Marsh and
Cope in the ** mauvaises terres” of Wyoming have brought to light
a very large number of strange and interesting ungulates ; and this
fragmentary condition of our knowledge makes it as yet impossible
to give a connected account of the dentition of ungulates, seeing
that the forms known to us are only isolated and often widely
separated links in the chain.

The Tecth of Perissodactyle Ungulates.— Perissodactyle
(odd-toed) Ungulates are far less numerous than the even-
toed section, and among recent animals only comprise the
Horse, the Rhinoceros, the Tapir, and theirallies. Their pre-
molars, or at least the last three of them, are equally complex
in pattern with the true molars ; and canines, tusk-like but
not very large, are of frequent occurrence, The lower
molars of almost all perissodactyles have a characteristic
form, their grinding surfaces being made up of two cres-
centic ridges,

The ungulate animals are all possessed of molar teeth,
which are kept in an efficient state of roughness by the
enamel dipping deeply into the crowns ; by the cusps, in
tact, being of very great depth. It consequently happens
that after the immediate apex is worn away, the flat-
tened working face of the tooth is mapped out into definite
patterns, which, on account of the Light thus thrown upon
fossil remains, often consisting of little else than the teeth ]
have been studied with great care, The result has been to
establish a general community of type, so that, dissimilar
as they at first sight appear, it is possible to derive all, or
almost all, the configurations of their crowns from one or
two comparatively simple patterns, But odontologists are
not yet agreed, or rather do not yet know enough of the

U 2
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vast number of extinet Ungulates which there is reason to
believe once existed (of which many have lately been dis-
covered) to decide with certainty what the parent pattern
wias,

Rhinoceros.—It is difficult to assign a dental formuala to
this genus, as the incisors are variable in the different
species, but all agree in the absence of canines,

Sl GE P 4 m 3

HOBTEAR e
In the African Rhinoceros, in which the adult has no
incisors, the young animal has eight incisors; other species
retain the inecisors through life ; and it is noteworthy that

- . - - E .ﬂ e
in the Indian Rhinoceros, which has 1 5 the outer in-

cisors in the upper jaw, are, as is usual, the ones that are
absent, but in the lower jaw it is the central incisors which
are missing, The first premolar, just as in the Horse, is
small, has no milk predecessor, and is not long retained ;
the other premolars do not markedly differ from the true
molars, The premolars and molar teeth, though not differ-
ing much in character, increase in size from before back-
wards. The crowns of the teeth ave of sguarish outline,
larger on their outer than their inner side, and are im-
planted by four roots. The pattern of their grinding
surfaces is very characteristic; but it will be best under-
stood by first digressing to say a few words on the den-
tition of the Tapir.
Tapir—~The dental formula is

- — _m_'
Lo 2 e Biesea

In a brief survey, like that to which the present work is
necessarily confined, it will suffice to mention that there is
no great peculiarity about the incisors, or the canines, save
that the lower canine ranges with the lower incisors;
behind the canine comes an interval, after which come
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the premolars and molars, which are interesting, as being of
simpler pattern than those of most Ungulates, and it will be
necessary to very briefly allude to the various patterns
characteristic of ungulate teeth, with a view of showing
how they may have been derived the one from the other.
In the Tapir four cusps are traceable, but ridges uniting
the two anterior and the two posterior cusps are strongly
developed, at the eost of the anterio-posterior depression, of
one of the arms of the cross which separates the four
cusps in other quadricuspid molars. There is therefore
only a deep transverse fissure (hence it is called a bilopho-
dont tooth), and the quadricuspid form is disguised, A
low wall on the outside of the tooth connects the two ridges,
In the Hog we have a simple four-cusped molar, with a

Fig. 124, ()
, My f”":;

crucial depression separating the eusps ; in the Hippopot-
amus the same pattern is repeated, though not quite so
simply, as each tusk is fluted in a definite manner,

In Rhinoceros the two external cusps are united by a lon-
gitudinal ridge, possibly the cingulum, and the transverse
ridges become oblique ; consequently the valley between
the ridges ¢ and d is also oblique in direction, and a second
valley “a” behind the posterior ridge is introduced (Fig.
124).

The simplicity of the pattern is also departed from by

() Grinding surfaces of upper molar series of a Rhinoceros. a. Posterior

sinus, which at @’ has beeome an island, ¢, Posterior ridge. d. Anterior
ridge.
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the margins of the ridges, and {herefore the boundaries of
the depressions, being waved and irregular,

The lower molars of the Rhinoceros are made up of
two creseentic ridges, one in front of the other, with
the lollows turned inwards. It is less obvious how
this pattern is derived from that of the Tapir, but it
may be that the transverse ridges of the Tapir type of
tooth may have become curved and crescentic, so that the
original outer edge of the posterier ridge abuts against
the exterior of the ridge in front of it. The valleys bhe-
tween the processes of enamel and dentine of the tooth of
the Rhinoceros, termed “ sinuses,” are not filled up solidly
with cementum. The more complex pattern which charac-
terises the molar of the Horse may be derived from a
turther modification of the Rhinoceros molar.

To use the words of Professor Huxley: “ Deepen the
valley, inecrease the enrvature of the (euter) wall and
laminge (transverse ridges), give the latter a more directly
backward slope ; cause them to develop aceessory ridges
and pillars ; and the upper molar of the Tapir will pass
through the structure of that of the Rhinoceros to that of
the Horse.”

By the furtherincrease in the obliquity of the ridges and
in their curvature (¢ and d), they become parallel to the
external or anterio-posterior ridge (wall), and bend round
until they agamn touch it, thus arching round and com-
pletely encireling the sinuses (¢ and the space between ¢
and d) in the Rhinoceros tooth. In this way the unsym-
metrical pattern of the Rhinoceros tooth may be supposed
to become transformed into the comparatively symme-
trical one of the Horse or of the ruminant.

The outer ridge or wall is in the upper molar of the
horse doubly bent, the concavities looking outwards. -The
transverse ridges start inwards from its anterior end and
from its middle, and they ecurve backwards as they go
to such an extent as to include crescentic spaces (between
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themselves and the outer wall), To this we must add a
vertical pillar, which is slightly connected with the pos-

Fig. 125. (V)

terior end of each crescentic edge, (this pillar is in Hippa-
rion quite detached.)

The lower molars of the horse present the double cres-
cent, just like those of the rhinoceros, save that vertical
pillars are attached to the posterior end of each crescent,
thus slightly complicating the pattern of the worn snr-
face. The interspaces of the ridges and pillar are in the
horse solidly filled in with cementum. The extinet ances-
tors of the horse have the molar pattern considerably sim-
plified, but yet recognisable as being built up on the same
model. |

But in an elementary handbook such as this it will only
serve to perplex the reader to enter into a discussion of
the relative probabilities of the various and incompatible
explanations given of the homologies of the parts of the
ungulate molar: suffice it that such correspondences do
exist, and if we had before us perfect chains of molars from
every ungulate which ever lived, there would be no doubt
as to the relationship of the various patterns : as it is,

(*) Molar tooth of Horse, showing the characteristic pattern of its grind-
ing surface.
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we are embarrassed by the lack of the material, which
leave gaps too great to bridge over without some amount
of speculation, As it is, Professor Flower divides, the
principal varieties (Phil. Trans., 1874) into three :—

(i) That in which the outer wall is feebly developed,
and transverse ridges become the prominent features, as n
the tapir. ;

(ii.) That in which the outer wall is greatly developed
and more or less smooth, the transverse ridges being
oblique, as in the rhinoceros,

(iii.) That in which the outer surface and edge of the
outer wall is zigzagged, or bicrescenti¢, as in the horse and
paleotherium,

The horse is furnished with the full mammalian number
of teeth, the dental formula being—
oL P S g

3 1 4 5]

The canines, however, are rudimentary in the female,
whilst in the male they are well developed (in the gelding
they are of the same size as in the entire horse) ; and the
first premolar, which has no predecessor, is also rudimen-
tary, and is lost early. A considerable interval exists be-
tween the incisors and the premolars and molars, which
latter are very similar to one another, both in shape, size,
and in the pattern of the grinding surface.

The incisors of the horse are large, strong teeth, set in
close contact with one another ; the teeth of the upper
and lower jaws meet with an “edge to edge bite,” an ar-
rangement which, while it is eminently adapted for grazing,
leads to great wearing down of the crowns. An incisor of
a horse or other animal of the genus may be at once
recognized by that peculiarity which is known as the
“mark.”

From the grinding surface of the crown there dips in a
deep fold of enamel (see also page 268), forming a cul de
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sac. As this pit does not extend the whole depth of the
crown, and the incisors of a horse are submitted to severe
wear, the fold eventually gets worn away entirely, and the
worn surface of the dentine presents no great peculiarity.
But as this wearing down of the erown takes place at some-
thing like a regular rate, horse dealers are enabled to judge
of a horse’s age by the appearance of the mark upon the
different incisors, The “mark” exists in Hipparion, but
not in the earlier progenitors of the horse,

Fig. 126. (1) Fip. 127. (1)

A horse attains to its adult dentition very slowly ; the
first permanent ineisors appear about the end of the third
year, and the other two pairs follow at intervals of about
six months, As the rate of wear is equal, the mark gets
worn out soonest upon the central incisors (about the sixth

(*) Incisors of the Horse, showing the marks at various stages of wear.
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vear) ; in the middle incisors next (about the seventh),
while it has totally disappeared by about the eighth year.
After the “mark ” is worn away the centre of the tooth
is marked by a difference of colour, due to the presence of
secondary dentine, into which the remains of the pulp has

been converted.

Fig. 128. (1)

The molars of the horse are remarkable for their great
length ; they do not grow from persistent pulps, but never-
theless they do go on growing until a great length of
erown of uniform diameter is made, subsequently to
which the short and irregular roots are formed. As the
upper working surface of the crown becomes worn, the
tooth rises bodily in its socket, and when by an accident
its antagonist has Dbeen lost, it rises far above the level of

ifs neighbours. This elevation of the tooth takes place

(1) Side view of the dentition of a Stallion. At a short interval behind
the incisors are seen the canines ; then, after a considerable interval, the
premolar and molar series.

&
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quite independently of growth from a persistent pulp, and,
in fact, happens after the formation of its roots.

The pattern of the horse’s molar has been already de-
seribed ; it should. be added that the last molar differs
from the rest in its posterior moiety being less developed
than in the other teeth.

As each ridge and each pillar of the tooth consists of den-
tine bordered by enamel, and the arrangement of the ridges
and pillars is complex ; as, moreover, cementum fills up
the interspaces, it will be obvious that an efficient rough
grinding surface will be preserved by the unequal wear of
the several tissues. :

When a bit is put into a horse’s mouth it rests in the
interval or diastema which exist hetween the incisors and
the commencement of the molar series, and the great con-
venience of the existence of such a space hasled many
authors to assume that the horse was moulded in acecordance
with man’s special requirements, so that it might be suited
for its subserviency to his wants.

But the long diastema appeared in the remote ancestors
of the horse long ages before man’s appearance on the
earth, and the advoeates of this theory of design would, as
Professor Huxley suggests, have to tell us what manner of
animal rode the Hipparion, :

The milk teeth of all the Ungulata are very complete,
and are retained late ; they resemble the permanent teeth
in general character, but the canines of the horse, as
might have been expected, their greater development in
the male being a sexual character, are rudimentary in the
milk dentition.

To the Perissodactyle Ungulates which are specially inte-
resting on account of their dentition, must be added Hp-
malodontotherium, a tertiary mammal, the remains of which
were described by Professor Flower (Phil, Trans., 1874),

It had highly generalised characters ; its teeth were
arranged without any diastema, and the transition in form
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from the front to the back of the mouth was exceedingly
gradual, so that no tooth differed much from those on either
side of it. Taking the pattern of its molar teeth alone into
account, it would have been without hesitation declared to
be very nearly allied to rhinoceros, on which type they
are formed, but the resemblance fails in the canine and
incisor region, and it must be considered to be one of those
generalised types related to rhinoceros, to Hyracodon, and
perhaps connecting them with such aberrant forms as
Toxodon. '

THE TEETH OF ARTIODACTYLE UNGULATA,

Artiodactyle, or Even-toed Ungulata, comprise pigs,
hippopotami, camels, sheep, oxen, &ec., amongst living
animals,

They are divided into Ruminant and Non-ruminating animals :
the latter group, equivalent to the ‘‘Suina™ of the table on
page 242, includes the Pigs (Suide), Hippopotamidz, and Ano-
plotherideae.

The Ruminants are divided into three groups : (i.) The Tragu-
lide (small deer of Sonthern Asia), which form a connecting link
between the Anoplotherium (itself a link between the Pigs and
the true Ruminants) and the Pecora ; (ii. ) Pecora (sheep, oxen, &c.);
(iii.) Camelidze.

In Artiodactyle Ungulata the premolars differ markedly
both in size and pattern from the true molars.
Of those Artiodactyle Ungulates which are not ruminants
the common pig may be taken as an example.
The dental formula is 1 S P i m 3 .
3 1 i 3
The position of the upper incisors is peculiar, the two
central upper incisors, separated at their bases, being in-
. clined towards one another so that their apices are in con-
tact ; the third pair are widely separated from the inner

two pairs of incisors, The lower incisors are straight, and
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are implanted in an almost horizontal position : in both
upper and lower jaws the third or outermost incisors are
much smaller than the others.

The lower incisors are peculiar in having upon their
upper surfaces a strongly pronounced sharp longitudinal
ridge of enamel, which gets obliterated by wear,

An interval separates the incisors from the canines,
which latter are very much larger in the male than in the
female, and in the wild boar than in the domesticated
animal. Castration arrests the further development of the
tusk ; the peculiarities as to size and direction which cha-
racterise the tusks of the adult animal are not represented
in the canines of the milk dentition: about which there is
not much that is noteworthy, save that the young pig has

dec. m i- » of which the first remains in place till the pex-

manent dentition is nearly complete, and then falls out
without having any successor ; or it may be regarded as a
permanent tooth which has had no predecessor.

Fig. 129. (1)

The form and direction of the canines are alike peculiar ;
the upper canine, which in its curvature describes more

(') Upper and lower teeth of Wild Boar (Sus scrofir). In this specimen

t-h*i;;usks are not so largely developed as they sometimes may he seen
to
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than a semicircle, leaves its socket in a nearly horizontal
direction, with an inclination forwards and outwarde, After
rounding past the upper lip its terminal point is directed
upwards and inwards. The enamel upon the lower surface
of the tusk is deeply ribbed : it does not uniformly cover
the tooth, but is disposed in three bands. The lower ca-
nines are more slender, of much greater length, and by
wear become more sharply pointed than the upper ones :
they pass in front of the latter, and the worn faces of the
two correspond,

The lower canine is in section triangular, one edge being
directed forwards, and its sides being nearly flat. Enamel
is confined to the internal and external anterior surfaces;
the posterior surface, which plays against the upper ca-
nine, is devoid of enamel ; the tooth is kept constantly
pointed by the obliquity with which its posterior
surface is worn away. The tusks of a boar are most for-
midable weapons, and are capable of disembowelling a dog
at a single stroke, but their size is greatly exceeded by
those of the African wart-hog (Phacocherus), in which they
attain to an immense size.

In the domestic races the tusks of the hoars are much
smaller than in the wild animal, and it is a curious fact
that, in domestic races which have again become wild the
tusks of the boars increase in size, at the same time that the
bristles become more strongly pronounced. Mr. Darwin
suggests that the renewed growth of the teeth may perhaps
be accounted for on the principle of correlation of growth
(see page 253), external agencies acting upon the skin and
30 indirectly influencing the teeth.

As in most artiodactyles, the teeth of the molar series
increase in size from before backwards ; thus the first pre-
molar or milk molar has a simple wedge-shaped erown, and
two roots ; the second and third by transitional characters
lead to the fourth premolar, which has a broad crown
with two principal cusps, and has four roots.
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The first true molar has four cusps, divided from one
another by a crucial depression; and the cingulumn in
front, and yet more markedly at the back, is elevated into
a posterior transverse ridge. In the second molar the
transverse ridge is more strongly developed, and the four
cusps are themselves somewhat divided up into smaller
accessory tubercles,

The last molar measures, from front to back, nearly
twice as much as the second ; and this great increase in
size 1s referable to a great development of the part cor-
responding to the posterior ridge or cingulum of the second
molar, which has become transformed into a great many
subsidiary tubercles,

That such is a correct interpretation of its nature is indi-
cated by our being able to trace the four principal cusps,
though modified and not divided off, in the front part of the
tooth, of which, however, they do not constitute more than
a small part. Those Ungulates in which the surfaces of the
molar teeth are covered by rounded or conical cusps, are
termed “ bunodonts,” in contradistinction to those which
present crescentic ridges on the masticating surface of their
molars, and which go by the name of “ gelenodonts,”

In the Wart-hog (Phacocherus), the genus with very large
canines, the disproportion between the last true molar and
the other teeth is yet more striking. _

In anterio-posterior extent the third molar equals the first
and second true molars and the third and fourth premolars
(the whole nnmber of teeth of the molar series possessed by
the animal) together,

When a little worn its surface presents about thirty
islands of dentine, surrounded by rings of enamel, the
interspaces and the exterior of the whole being occupied by
cementum. Of course, prior to the commencement of
wear, each of these islands was an enamel-coated Cusp.

The Wart-hog’s dentition has, however, another instruc-
tive peculiarity ; the first true molar is in place early, and
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becomes much worn down (this is true, in a less degree, of
tlre common pig, and indeed of most Ungulata). Even-

Fig. 130. (1)

tually it is actually shed; the same fate later befalls the
third premolar and second true molar, so that the dentition
in an aged specimen is reduced to the fourth premolar and
the third true molar alone, and eventually to the last true
molars alone. Thus, both in the great complexity of the
back molars and the fact that the anterior teeth are worn
out and then disearded, the Wart-hog affords a parallel to
the anomalous dentition of the elephant.

As has already been mnoticed, the upper canines in the
boar turn outwards and finally npwards, so as to pass out-
side the upper lip ; this peculiarity in direction, yet more

(13 Upper and lower teeth of Phacocharus, In the upper jaw, the last
two premolars, and the much-worn first true molar remain. In the

lower all have been shed off, save the last two trme molars, Froma
specimen in the Museum of the HRoyal College of Surgeons.
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marked in Phacocherus, attains its maximum in the Sus
babirussa,

This creature, strictly confined to the Malay Archipelago,
where it frequents woody places, has(in the male) the upper
and lower canines developed to an enormous extent. The
upper canines are turned upwards so abruptly that they
pierce the upper lip, instead of passing outside it as in

. other Swide, preserve a nearly upright direction for some
little distance, and then curve backwads, so that their
points are directed almost towards the eyes.

The lower canines are less aberrant in direction and in
shape, being somewhat triangular in section, but they also
are of very great length, and pass upwards, far above the

E level of the snout; their points are also directed backwards,
~ but have in addition an outward inclination. The canines
Fig. 131. (1)

are devoid of enamel, and grow from persistent pulps, a
fact which sometimes has a disastrous result, for the tip

(") SBkull of Sus babirusse (male). The upper inéisor:; have been lost
from the specimen figured : they are mueh like those of a pig.

X
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of the tooth, occasionally taking a wrong direction, re-
enters the head or the jaws of the animal.

Their length is very great ; the animal is smaller than
the domesticated pig, but its canines attain a length of
eight or ten inches. Their use is a matter of conjecture ;
the position of the upper tusks has suggested the idea that
they may serve as a protection to the creature’s eyes, as it
seeks its food, consisting of fallen fruits, amongst the
brushwood. But were that their use the female also would
probably have them, which is not the case ; and although
in old animals they are often broken off, it is not certain
that they are much employed in fighting, Its other teeth
are in no respects remarkable.

Hippopotamus.—The dental characters, as well as others,
indicate the affinity of the Hippopotamus to the Suide.

%: P im .._3 :

2 + 5]

The incisors are tusk-like, and bear but little resemblance to
those of most other mammalia ; they are nearly cylindrical,
Lluntly pointed at their apices by the direction of wear,
which is in some measure determined by the partial distri-
bution of the enamel, which is laid on in longitudinal
bands in the upper teeth, but merely forms a terminal cap
on the lower incisors,

The upper incisors, standing widely apart, ave implanted
nearly vertically : the lower incisors, of which the median
pair are exceedingly large, are implanted horizontally.

The canines are enormous teeth ; the lower, as in the
Hog, is trihedral, and is kept pointed in the same manner ;
the upper canines are not so long, and the portion exposed
above the gum is but short,

The incisors and canines ave all alike teeth of persistent
arowth,

The premolars, of which the first is lost early (being
perhaps a milk molar like the similar tooth in the pig,
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are smaller and simpler teeth built up on the same type as
the true molars,

These latter, especially when worn, have a very charac-
teristic double trefoil pattern ; the four cusps, in the first
nstance, were separated by a deep longitudinal and a still
deeper transverse groove; each cusp was, moreover, tri-
lobed ; the first result of wearis to bring out the appear-
ance of four trefoils ; next, when the longitudinal furrow is
worn away, two four-lobed figures result ; and finally all
patterns become obliterated, and a plain field of dentine
surrounded by enamel alone remains.

The teeth of the Hippopotamus are subject to a great
amount of attrition, as is well shown by a specimen pre-
sented to the museum of the Odontological Society by Mr.
Mummery, in which the molar teeth are all excessively
worn. The Hippopotami use their incisors and canine
tusks for the purpose of uprooting aquatic plants, of which
their food mainly consists : the roots of these are of course
mixed up with much sand, which wears down the teeth
with great rapidity.

Anoplotheride are an extinet (Eocene aud Miccene)
family, linking together the Pigs and the Pecora,

Anoplotherinm is a genus of interest to the odontologist

Fig, 132, (1)

(') Side view of the dentition of Anoplotherivm (after Owen),
X 2
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because it possessed the full typical mammalian dentition,
as far as the number of the teeth went; the teeth were
of nearly uniform height, none strongly differentiated from
those nearest to them and they were set in close contiguity
with one another, so that there was no “ diastema.”

The lower molar teeth of the anoplotherium are built
up on the same type as those of the rhinoceros (page 293),
and present the double crescent ; the upper molars are also
referable to the same fundamental forms, though the dif-
ference is greater. The laminee (transverse ridges), oblique
in the rhinoceros, are in anoplotherium still more oblique, so
that they become more nearly parallel with the outer wall,
and an accessory pillar is developed at the inside of the
anterior laminee. :

Not very widely removed from the anoplotherium is the
Oreodon, an Ungulate of Eocene age,

Fig. 183. ()

Like a good many tertiary Ungulates (both artiodactyle
and perissodactyle) it had the full typical number of teeth,
forty-four ; but its interest to the odontologist iz enhanced
by the co-existence of strongly marked canines with molars
very much like those of ruminants, which latter group are
almost all devoid of canines, ;

(1) Upper and lower teeth of Oreodon Culberisonii after Leidy (Smith-
sonian Contributions, 1852).
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In the upper jaw oreodon had

HC A o pm 4 m 9

2. the typical number of each kind of teeth. But in the
lower jaw the first four teeth are like incisors, and the
tooth which is like a canine is not the tooth corresponding
to the upper canine, but that corresponding to the small
upper first premolar,

This is a fair illustration of the fact that although in
nature it is generally the same tooth which is modified to
perform the function of a canine, it is not invariably the
same ; for here in the same animal are two different teeth
in the upper and lower jaw respectively thus modified.

And as they are different teeth, it happens that the upper
canine closes in front of the lower.

There is reason to believe that there was some dif-
ference in the size of canines between the male and female
oreodon.

The hollow-horned ruminants (sheep and oxen and
antelopes), and likewise almost all the solid horned rumi-
minant (deer) have the following dental formula :—

. 0 0 3 3
e T Beatiaey

The lower incisors are antagonised not by teeth, but by
a dense gum which clothes the fore part of the upperjaw ;
if a sheep is watched as it feeds, it will be seen to grasp the
blades of grass between the lower teeth and the gum, and
then to tear them oft by an abrupt movement of the head,
as it would be impossible for it to, strictly speaking, bite it
off.

The anomaly of the entire absence of upper incisors was
held to have been diminished by the statement of Good-
sit, who believed that uncaleified tooth germs were to be
found in the feetuses of many species, As this was pre-
cisely what might have been expected, it has since that time
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passed current as an established fact ; but recently M.
Pietkewickz, working in the laboratory of M. Ch. Robin,
has absolutely denied the occurrence of even the earliest
rudiments of tooth germs in this situation, after an exami-
nation of a series of fretuses of the sheep and cow, ranging
even from the earliest periods. (Journal d’Anatomie, par.
Ch. Robin, 1873, p. 452). Since meeting with this state-
ment I have had no opportunity of examining into this
matter myself.

Grouped with the six incisors of the lower jaw, and inno
respect differing from them, rise the pair of teeth which are
very arbitrarily termed “ canines.” As I cannot attempt to
do more in these pages than give the most bare outline of
generally well-known facts, I have retained the usunal
dental formula, ]id ﬂ%; though under protest, as T do
not consider the “ canine ” to have any such distinet ex-
istence as would justify our calling a tooth which is so

Fig. 134. (1)

obviously referable to the incisors by any distinctive name
(see page 260). Although the absence of canine teeth 1s a

(1) Cranium of male Musk Deer (Maschus mozchiferus.)
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very general characteristic of ruminants, rudimentary
canines are met with in some few (e.g. the red deer),
and the male hornless musk deer (Moschus moschiferus)
possesses upper canines of most formidable dimensions ;
the female does not, however, possess any canines. In the
pigmy musk deer (Tragulus) the male has large canines of
persistent growth, the female small canines with closed
roots.

The Indian Muntjac deer (Cervulus) has somewhat small
horns, which are perched upon persistent bony pedicles,
and it has upper canines which are curved outwards from
beneath the upper lip, much as are the tusks of a boar;
they do not, however, grow from persistent pulps, and are
absent in the female.

Cuvier first pointed out that there was a relation between
the presence of horns and the absence of canine teeth: the
latter, serving as weapons for sexual ecombat solely, and
being, probably, in no other way of service to the animal,
are not required by an animal provided with powerful ant-
lers or horns, whereas the absolutely hornless musk deer
would be totally unprovided with weapons of offence were
it not for his canines. To the musk deer and the muntjac
must be added Swinhoe’s water deer, Hydropotes inermis,
and Michie’s deer, Lophotragus Michianus, another small
Liornless species, of which the males are furnished with
formidable canine teeth.,

Although, with the foregoing exceptions, all the deer,
oxen, sheep, antelopes, and the giraffe, animals constituting
the greater number of the “ Ruminantia,” are without ca-
nine teeth, yet in the remaining family, the Camelide,
tusk-like canines are met with,

It is a character of the Artiodactyle Ungulate that the
premolar teeth are of decidedly simpler form than the
molars ; in the ruminants the premolars may be said to cor-
respond to one half of the true molars,

The dentition of the ordinary ruminant having been
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more or less illustrated by the example of the musk deer
(minus its great canines), the Camel may be selected as
illustrating the peculiarities of the molar series.

The Camel is possessed of an upper ineisor, and, as has
already been noticed, of canines,

1 1 3
ey Wi e

The first two pairs of upper incisors are absent, but the
third or outermost pair are present, and are rather caniniform
in shape. The eanines are strong pointed teeth, and the
lower canine stands well apart from the three incisors of
the lower jaw, unlike the fourth tooth in front of the man-
dible of typical peeora (see figs. 135 and 136).

The first premolars are absent altogether; the second
premolars, following the canines after an interval, are
pointed caniniform teeth. The third premolar is some-
times lost early, but the fourth persists.

Fig. 135 (1),

The molars of the Camel are of the “ Selenodont ” type ;
their derivation from forms already alluded to will be
sufficiently obvious to the reader who has mastered the
descriptions of these, and they, with their double crescentic

(!) Upper and lower teeth of a camel.
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patterns, may be taken as fair examples of simple ruminant
patterns, accessory pillars, &e., being added in some of the
other groups.

In all true Ruminants the last true molar of the lower
Jaw has a third lobe, and the line of the outer surface of
the row of teeth is rendered irregular by the anterior edge
of each tooth projecting outwards slightly more than the
posterior border of the one in front of it. And the devia-
tions in the pattern of the surface of the molar teeth are so
constant and so characteristic that, although the common
ruminant pattern is preserved in all, it is often possible to
refer an individual tooth to its right genus.

The Ruminants all have a well-developed milk dentition,
which serves the animal for a long time, indeed until after
it has attained to its adult dimensions ; thus a sheep has not
completed the changing of its teeth till the fifth year, and
a calf till the fourth year. But the first permanent molar
i3 in them, as in so many other animals, the first of the
permanent set to be cut, and comes up in its place at the
sixth month (in the lamb); and hence it has a long period of
wear before any of the other second teeth are cut, Conse-
quently the first permanent molar is, as is seen in fig. 136,
invariably worn down to a much greater extent than the
other permanent teeth ; in the spegimen figured it has been
worn down below the inflections of enamel, so that it has
lost its roughened grinding surface, and is reduced to a
smooth area of dentine.

Not much is known of the structure of the dental tissues
of the Ungulata which ealls for mention in an elementary
work. The thick cement of the crown of the teeth of the
Horse, and indeed of most of the group which possess thick
cement, contains many “ encapsuled lacunze.”

In South America a large anomalous mammal, named -
Toxodon, rivalling the Hippopotamus in size, has been found,
the affinities of which are doubtful : it was possessed of two
small inner, and two large outer incisors in the upper jaw,
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and the full number of six in the lower ; of small canines ;
and of grinders remarkable for their bowed form, for grow-
ing from persistent pulps, and for the partial distribution
of enamel, which is confined to their inner faces.

The molars were, like almost all teeth of persistent
growth, curved, but their convexity looked outwards (the
contrary is the case in Rodents), and their roots converged
till they almost met in the median line of the palate.

The roots of the large incisors, like those of the Rodents,
extended back as far as the molars. The canines were
sharp-edged, and had enamel only partially distributed
over the crowns. Toxodon can be referred to no existing
order of mammalia, so a new order, Toxodontia, has been
ereated for its reception.

In South America a jaw has been found so aberrant as
to be hardly referable to any existent order, and Professor
Marsh has proposed for the new order the term Tillodontia,

Tillodontotherium had molars of Ungulate type, but
possessed a great pair of scalpriform incisors, growing from
persistent pulps, with enamel confined to their anterior
faces ; with their implanted portions curved, and, in fact,
in most respects like those of a giant Rodent.



CHAPTER XI.

THE TEETH OF SIRENTA, HYRACOIDEA, PROBOSCIDIA,
AND RODENTIA.

THE TEETH OF SIRENTIA.

More nearly connected with the Ungulata than with any
other order, but still rather widely removed from them,
stands the limited order of Sirenia, formerly termed Her-
bivorous Cetacea, a term rather objectionable, as they are
not very nearly allied to the true Cetacea,

This order is now represented by two genera only, the
Dugongs (Halicore) and the Manatees (Manatus), but a
third genus (Rhytina) has only become extinet within about
a century. The animals constifuting this order are aquatic,
and from their external forms were formerly known as
“ Herbivorous Cetacea ; ” but their teeth and other points
in their organization indicate that they are more nearly
allied to the Ungulata than to any other group, though
their peculiarities are such asto elevate them to the rank of
a distinet order (see page 242), They are of large size
and frequent shallow water, such as the mouths of great
rivers, their food consisting of sea-weed and aquatic plants,

The dentition of the Dugong is in several respects a very
interesting one : the front part of the upper jaw, consisting
in the main of the intermaxillary bones, bends abruptly
downwards, forming an angle with the rest of the jaw.
This deflected end of the jaw carries two tusks, of which
the greater part is buried within the alveolus, The tusk
has an investment of enamel over its front and sides, but
on the posterior surface only cementum, so that in the
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disposition of the three structures it recalls the character-
istics of a Rodent incisor, like which it is worn away
obliquely so as to keep a constantly sharp edge, and like
which it grows from a persistent pulp.

In the female, the tusks (inecisors) do not project from
the gum, their pulp cavities are closed, and the invest-
ment of enamel is complete over the crown of the tooth.

Fig. 136. ()

The sloping surface of the upper jaw is opposed by the
part about the symphysis of the lower jaw, which is of
unusual depth. In this deflected part of the lower jaw
there are eight, or ten (four or five on each side) shallow

(1) Side view of eranium and lower jaw of a Dugong (Halicore In-
dicus), From a specimen in the Museum of the Royal College of Surgeons.
The surface of the deflected portion of the lower jaw, with its sockets for
rudimentary teeth, shown both in front and in profile view, is indicated by
the letter o the corresponding surface of the upper jaw by the lotter b
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and rather irregularly-shaped sockets, in which curved dis-
torted teeth may be found in a fresh specimen not too aged,
as they become eventually eaten away by the process of
absorption,

These abortive teeth are excellent examples of rudiment-
ary teeth, as not only are they stunted, and ultimately
removed by absorption, but they are actually covered in by
a dense horny plate which clothes this part of the jaw, and
s0 are absolutely functionless.!

These bony plates, in their structure analogous to whale-
bone, are possessed also by the Manatee and Rhytina ; on the
free surface they are beset with stift bristles, and are
throughout built up of hair-like bodies welded together by
epithelium,

Behind the region covered in by the horny plates, the
Dugong has five molar teeth on each side, of simple form,
like those of the Edentata, and consisting of dentine and
cementum only.

By the time the last molar is ready to come into place,
the first of the series is being removed by absorption of its
fang and of its socket. In aged specimens only two molars
remain on each side of the jaws.

The Dugong is also peculiar as having but a single de-
ciduous tooth : namely, a predecessor to the incisive tusks ;
but it has been doubted whether it be not rather a rudi-
mentary incisor than a milk tooth.

The molar teeth of the Manatee are much more nu-
merous and more complex in form, and they approach
to the configuration of the teeth of the Tapir very closely.

The Manatee has as many as forty-four molars, which
are not, however, all in place at one time, the anterior ones
being shed héfore the posterior are come into place ; no
vertical succession is known to oceur in it, There are no

(*) Similar rudimentary teeth are found in the corresponding deflected
part of the jaw of the young Manatee, to the number of twelve., (Gervais,
Histoire Nat. des Mamifére, vol. ii. p. 812))
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incisors (see foot-note, page 317) nor canines, but there are
horny plates in the front of the mouth like those of the
Dugong,

The extinet Rhytina, formerly abundant about Behring’s
Straits, was altogether without teeth.

It has been mentioned that the teeth of the Manatee are
tapiroid in external form ; they also possess peculiarities in
minute structure, which are unusual in mammalian teeth,
but which are common to them and to the Tapirs. In
examining some teeth, kindly sent to me by Professor
Garrod, I found that the dentine, to all intents and pur-
poses of the hard unvascular variety, was permeated by a
system of larger, or “yaseular,” canals, which were ar-
ranced with much regularity, and passed ont from the pulp
cavity to the periphery of the dentine, where they commu-
nicated with one another. The dentinal tubes did not
radiate from these vascular canals ; they, so to speak, took
1o notice of them, and there was an ordinary unvascular den-
tine with a system of medullary channels added toit. Itis
interesting to find that the prima facte external resem-
blance of the teeth of the Tapir is fully borne out by
minute histological structure, and it certainly suggests that
the resemblancesis not accidental, but has some deeper
significance.

The enamel of the Manatee is also somewhat remarkable
for the absolute straightness of the enamel prisms in many
parts of the tooth.

The molar teeth of the Dugong consist of a central axis
of vaso-dentine, a much larger mass of ordinary unvascular
dentine, and a thick layer of cementum, but they do not
shate the structural peculiarities of the Manatee's tooth.
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THE TEETH OF HYRACOIDEA,

The biblical coney (Hyraxz) an animal as ]*arge as a
rabbif, must not be passed over without mention, as its
dentition has been indirectly the source of much contro-
versy. So far as the pattern of its molar teeth goes, it
corresponds closely with Rhinoceros, and was hence classed
i close proximity to that genus by thnlar. B.'l.lt a more
extended survey of its characters has led to jts being placed

Fig. 137, (1)
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All observers, however, are not agreed as to its position ;
it certainly presents affinities with Perissodactyla, and also
with the Rodents, also, perhaps, with the Insectivora. The
4. .3
= T =
4 3

Seen from the side, the dentition bears some resemblance
to that of a Rodent, through the laree size of its central
incisors, which grow from persistent pulps, are chisel-edged,
and are furnished with a very thick coat of enamel on their
anterior faces: the second pair of ineisors, which are small,
are soon lost. But Hyrax has the full typical number of
premolars and molars, and the patterns of the teeth are
closely similar to those of the Rhinoceros.

TIn the lower jaw the middle incisors are small, and the
outer ones largely developed, and all persist : their crowns
are in a manner trilobed, and they pass in ordinary closure
of the mouth behind the upper incisors, and are met by a
dense pad of gum behind them.

dental formula is 1 % ¢ % prm

THE TEETH OF PROBOSCIDEA.

At the present day the Elephant stands alone, removed
by many stiiking peculiarities from the Ungulata, to which
it is more nearly allied than to other orders ; but, in former
days, the order Proboscidea was represented by a good many
genera, was widely distributed over the globe, and tran-
sitional forms linking the Elephant with less aberrant
mammalia were not wanting, In this group the in-
cisors grow from persistent pulps, and form conspicuous

tusks : the Elephant has 1 %, the Mastodon has1 ?1;, the

t 3 B " - ﬂ
Dinotherinm 1 I

Two striking features characterise the dentition of the
Elephant : the enormous length of the incisor tusks, and
the peculiar displacement from behind forwards of the

']
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molar teeth, by which it results that not more than one
whole molar, or portions of two, are in place at any one
time.

The upper tusks are preceded by small deciduous teeth ;
when first cut they are tipped with enamel, but the enaniel
cap is soon worn off, and the remainder of the tusk consists
of that modification of dentine known as * ivory,” and of a
thin external layer of cement, _

In the Indian elephant the tusks are not o large as in
the African species : and the tusks in the female are very
much shorter than in the male, In the Afiican ele-
phant, whose tusks reach the length of nine feet, no such
difference in size has been established ; and amongst
Indian elephants males are sometimes met with which
have tusks no larger than the females of corresponding
size.

The surfaces of the tusks of the female are often deeply
excavated, about the level of the edge of the gum, and are
sometimes so weakened from this cause that they break off,
My friend Mr. Moseley tells me that he 18 informed by
Major Rossall, who as a sportsman has great knowledge of
Indian elephants, that the tusks of all the females he has
EVEr seen are so affected, and that the larve or pupee of a
dipterous insect are found bedded in the gum, and attached
to the surface of the tusk. There is a specimen of a
female elephant’s tusk with the pupa attached in the
Museum of the Royal College of Surgeons. It would be a
matter of interest to ascertain whether the larva really eats
away the tusk, or whether the wasting of the tusk be due
to absorption set up by the irritated gum,

In theextinet Mammoth (abundant in Siberia), the tusk
was exceedingly curved, forming a large segment of a circle,
but, from its general outward inclination, it cleared the side
of the head. Professor Qwen mentions the
Mammoth’s tusk eleven feet in length,

The tusks of the elephant are implmlied in long and
5

existence of a
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stout sockets, and grow from persistent pulps throughout
the lifetime of the animal. '

They sometimes exemplify on a large scale the results of
injury to the growing pulp, as it is of no unfrequent
occurrence that elephants which have been shot at and
wounded escape. :

The thin walls of the tusk near to its open end do not
offer very much resistance to the entrance of a bullet ; the
“esult of such an-injury is not, as might have been expected,
the death of the pulp, but in some cases abscess cavities
become formed in the neighbourhood of the injury, while
in others less disturbance is set up, the bullet becomes
enclosed in a thin shell of secondary dentine, and round
this the normal “ivory ” is deposited ; upon the outside of
the tusk no indication of anything unusual is to be seen, so
that the bullets thus enclosed are found Dy ivory turners
only when sawing up the tusks for use,

As the tusk grows, that which was once in the pulp
cavity, and within the alveolus, comes to be at a distance
from the head, and in the midst of solid ivory.

As an example of the extent of injury from which a
tooth pulp is capable of recovering, may be cited aspecimen
now deposited in the museum of the Odontological Society,
by Mr. Bennett, to whom 1 am indebted for permission to
figure it.

It is to be presumed that a heavily loaded spear was
dropped by a native from a tree, with the intention of its en-
tering the brain, upon the elephant as it was going to water.
But in this case the spear penetrated the open base of the
srowing tusk, whieh looks almost vertically upwards (see
fig. 138), and then the iron point appears to have broken off.
This did not destroy the pulp, but the tooth continued to
urow, and the iron point, measuring no less than 73 by
1} inches, became so completely enclosed that there was
nothing upon the exterior of the tusk to indicate its
presence,
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I am told by Mr. Erxleben that he is acquainted with
another instance in which a spear head had become com-
pletely enveloped in ivory,

Ivory is one of the most perfectly elastic substances
known, and it is on this account that it is used for billiard
balls ; it owes its elasticity to the very small size of the
dentinal tubesand the frequent bends (secondary curvatures)
which they make.

The last remains of the pulp are converted into dentine
in which a few wvascular canals persist ; this of course
occupies the centre of the tusk, and is small in amount.

Six molar teeth are developed on each side of the jaw by
the elephant, and, arguing from analogy, they are some-
3
3
occasionally a rudimentary tooth in front brings up the
mumber to seven on each side. But the peculiarity of their
mode of succession renders such a classification merely
arbitrary, so far as the elephant itself is concerned, and it
depends upon “analogy with the ‘teeth of the mastodon.
Though the elephant has, during the course of its life, twenty-
four molars, they are notall in place, nor indeed are they all
actually in existence at the same time. Only one whole tootl;
on each side, or portions of two (when the front one of the

times classified thus—milk molars gﬁ true molars

¥

(') Iron spear-head, irremovably fixed in the interior of a tusk, believed
to be from an African Elephant, From a specimen in the possession of
Mr. Bennett,

X 2
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two is nearly worn out), are in use at the same time. After
a tooth has been in use for some time, and is worn down, a
new tooth comes up to take its place from behind it, and
absorption in the old tooth being set up, it is shed off, and
the mew tooth pushes forward into its place (see fig. 139),
Each successive tooth is of greatersize than its predeces-
sor ; thus in the Indian elephant the first tooth has, on an

Fig. 139. ()

(1) 8ide view of skull of young Indian Elephant. The teeth in use are
the second and third of the molars which displace one another from be-
hind forwards: the anterior of these, corresponding to a milk molar in
other animals, is nearly worn out ; the residual fragment is separately re-
presented on the left. The tusk, of which only a short pilece can Le
ghown, is indicated within the socket by dotted lines, by which also the
form of the pulp cavity is mapped out.
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average, four transverse plates ; the second eight, the third
twelve, the fourth twelve, the fifth sixteen, the sixth from
twenty-four to twenty-seven. In the African elephant,
in which the individual plates are much broader, they are
fewer in number (see page 331).

A reference to the accompanying figure will indicate
how the suecession takes place. The tooth in reserve
occupies a position at an angle to that in use; as
it moves forwards and (in the upper jaw) downwards its
track forms almost the segment of a eircle, Thus its anterior
corner is the first to come into use, at a time when the
position of the whole tooth is still exceedingly oblique, and
the greater part of it is still within the socket,

The teeth as first formed consist of detached plates of
dentine coated with enamel, the tops of which are mammil-
lated ; these only coalesce after a considerable portion of
their depth has been formed, and that portion of the tooth
has been reached in which there is a common pulp cavity ;
here deutine is continuous from end to end of the tooth.

Just as the cusps of a human molar are separate when
first caleified, so these exaggerated cusps or plates of an
elephant’s tooth are separate from one another till a great
part of their length is completed, and they only coalesce
when they reach the level of the common pulp chamber ; in
point of fact the elephant’s tooth is mainly made up of its
cusps, the remaining portion being insiguificant,

Several of these detached plates, such as the one here
figured, are to be found at the back of the largest teeth
even at a time when the front corner has bzen erupted
and has come into wear,

That the tooth is thus being built up only as it is required
is of obvious advantage to the animal in diminishine the
weight to be carried, and is also an economy of space.b

The teeth when they begin to be erupted donot at once come
into use over their whole surface, but they come forward in
an oblique position so that the front of the tooth has been in
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use for some time, and its plates have been considerably worn
down, before the back of the tooth has become exposed at

Fig. 140. (1)

all. Nay more, in the case of the larger molars the front of
the tooth is actually in use at a time when its back is not
yet completed.

In the elephant there is no vertical suecession of teeth
whatever ; the manner of succession usual amongst mammals
Las in them given place to a succession from behind,
the older teeth being pushed out forwards. Had the
elephant always been as isolated a form as it now appears to
be, it would have been very uncertain how its six molars
<hould be classified. But it happens that proboscideans
formerly existed in which this peculiar suceession from
behind was to be found, at the same time that the ordinary
vertical succession was mnot quite lost, and amongst these
creatures (the mastodons) we are able to say with certainty
which of the teeth are milk molars, which are premolars,
and which are true molars. And as the mastodons pass by

(1) Isolated plate (= exaggerated cusp) of an Elephant's tooth, prior to
its coalescence with neighbouring plates ; at the top areseen its terminal
mammillated processes, one of which has been eut off to show the central
area of dentine, surrounded by enamel; at the base would be the open
pulp eavity, not seen in the figure,
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insensible gradations into the elephants, so that the line of
demarcation between the two genera is an arbitrary one, we
can tell which of the mastodon’s teeth correspond to each
one of the six molars of the elephant.

Mastedon.—In the later tertiary periods this genus, ap-
proximating in its dental and other characters to the true
elephant, was widely distributed over the world. The
dental formula is not quite the same for all the genus, for
in some no premolars existed.

) :- c,g pro. g milk molars ;3?3. i, g

The upper incisors formed nearly straight tusks, seven or
eight feet in length ; the lower ineisors also grew out hori-
zontally from the front of the jaw, but in some species the
lower tusks are rudimentary, ave lost early, or are alto-
gether absent, thus more nearly approaching to the con-
dition met with in the elephant.

The several molar teeth of the Mastodon inecreased in
size from before backwards. The crowns were built up of
deep and strongly pronounced transverse ridges, of which
the last molar had the largest number. The apices of the
1idges, before being at all worn, were divided up into several
blunt nipple-like (mastoid) processes, upon which the
cnamel was thick and dense, but the cement was thin, so
that the interspaces of the processes were not filled up
level by the latter tissue, as in the elephant.

Very definite roots were formed to the molars, the wear-
ing down of the teeth being met by the worn teeth being
shed off altogether from the front of the series, whilst new
teeth were added to the back. Thus, just as in the
elephant, the whole number of teeth were not in place at one
time. Not more than three were in use at one time, and by
the time the last and largest molar was ent, there was but one
tooth remaining in front of it, and even this was soon lost, the
dentition thus being reduced to a single molar on cach side.
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As the succession of the molars in the Mastodon affords
a clue to the nature of the grinders of the elephant, it is
mecessary to add a few words about it. Some Mastodons
had three milk molars, of which the last two were vertically
displaced by premolars, just as in most other mammals,
but the first milk molar was not so replaced (Mastodon
angustidens). There appear to have been Mastodons in
which no vertical succession at all took place, 2.e., in which
there were no premolars, and others in which there was
but one,

No doubt can be entertained as to the homologies of the
teeth, even in those Mastodons which are not known to
have any vertical succession, because analogy with those
other species in which the second and third molars, counted
from the front, were vertically displaced by nearly func-
tionless premolars, tells us that the three front molars are
milk molars. Now elephants develop six molar teeth on
ecach side ; the elephant is in the same case, quead its molars,
as the Mastodon Ohioticus, which had no vertical succes-
sion, so that we thus know the elephant’s grinders to be

dm. E . 24
3! 3

Dr. Falconer mentions an elephant from the Sewalik Hills
(E. planifrons) in which two radimentary pre-molars, of
no funectional importance, actually existed, and so the de-
termination of the elephant's working teeth as

dm. - m. .".;_
rest not only npon analogy, but upon actual observation.

The Dinotherium, a large animal, not unlike the Sirenia
in the character of its cranium, which was probably of
agquatic habits, was remarkable for possessing large tusks, by
analogy known to be incisors, in its lower jaw, none being
present in the upper jaw. The tusks projected downwards
at right angles with the body of the jaw, and were curved
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backwards. The portion of jaw about the symphysis was
deflected downwards, so as to afford an adequate implanta-
tion for these anomalous tusks.

The Dinotherium was as large as an elephant, and the
downward pointing tusks were about 2 feet in length ; as,
however, tusks of only half this length were found in some
Jaws of identical dimensions and in other respects similar,
it 13 believed that the male Dinotherium had larger tusks
than the female. The molar teeth, much like those of a
tapir, need not detain us,

i, 0 e p- e 11'1._33
1 0 TR s
The succession was vertical, as in other mammals, and it

had dm. 3

But the Dinotherium, Mastodon, and Elephant, present
us with a very instructive series of modifications in which
we see how the excessively complex grinder of the Indian
elephant was attained to by degrees.

The molar of the Dinotherium resembles that of a tapir
somewhat ; it has not any very great exaggeration of its
cusps, and does not deviate very widely from the form of
many other mammalian teeth.

The tooth of Mastodon has its cusps or ridges more
numerous and more pronounced, as is seen in the accom-
panying figure.

Fig. 141. (1)

b c ol

(1) Molar tooth of Mastodon. The principal ridges or cusps arve marked
by ¢, d, ¢ ; at a and ¢ the cingulum is elevated into lowey ridges or “ talons.”
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Fig. 142. ()

7). Dentine., . Cementuni

(1) Molar of African Elephant., £, Enamel.
form of its roots, &e.

(2) Molar tooth of African Elephant, showing the
a. Dentine. ¢ Cementum. e Fnamel,
(#) Molar tooth of an Asiatic Elephant, showing the transverse plates of

dentine bordered by enamel,
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Other Mastodons have more numerous ridges upon the
teeth, and the African elephant has as many as ten upon
its last or largest molar, although in it the ridges are in-
dividually wide and strongly pronounced.

In the Indian elephant the ridges or plates are still more
numerous, the roots very incomspicuous, and the whole
formed into a solid block by cementum, '
- The gradual increase in complexity in the “ridge formula”
(or number of ridges in each tooth), of the molars, is well
seen in the following table, from Prof, Flower's Hunterian
lecture ( Nature,” March 2, 1876) ; it is a corrected table
taken from Dr, Falconer's ¢ Paleontological Memoirs,”

Milk molars. Truemolars, Total
T. IL-ITL- %0, I1 TIT

Dinotherium giganteum * : Sl S R el
Mastodon (Trilophodon) americanus . 1 2 3 | 3 38 4 | 18
y»  (Tetralophodon arvernensis 2 3 4 | 4 4 5 | 22
s> (Pentalophodon) sivalensis 3 4 5 |5 5 6 | 28
Elephas (Stegodon) insignis o e DN ‘ i 810 |-39
»»  (Loxodon) africanus R R R LT
x ,s»  meridionalis . 3 6.8/8-912| 46
s (Kuelephas) antiquus 3 6 10 |10 12 16 | 57
i - primigenius 4 8 12112 16 24 | 76
2 = indicus 4 812 112 16 24 | 76

Some variability existsin the number of ridges, especially
when they are very numerous, but the above may be taken
as averages ; and some species intermediate in the ridge
formula” have been since discovered, thus M, pentelici and
M. andium bridge the distinction between Trilophodon and
Tetralophodon, and Elephas melitensis comes betiveen
Loxodon and Euelephas (Flower),

It remains to describe, somewhat more in detail, the
structure of an elephant’s todth, and this has been deferred
till the last, because it can be the more easily understood

when the manner of its origin has been mastered, In the
Mastodon the molar consists of a crown with s

: _ Strong  cusps,
standing apart, and with marked roots; in the African
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elephant that part which consists of cusps has become the
areater bulk of the tooth, the roots are comparatively in-
sionificant, and the interspaces of the cusps are filled up
with cementum. The molar of the Indian elephant con-
sists of a larger number of yet more elongated and flattened
cusps, so that the greater part of the tooth is made up of
these flattened plates, fused together with cementum, and so
forming a strong and solid mass ; the roots are compara-
tively inconspicuous.

When the tooth is a little worn each plate consists of an
area of dentine surrounded by enamel. The interspaces
of the series of plates are wholly filled up by cementum ;
the summits of each plate were originally mammillated,
and divided up into more numerous blunt processes than
the corresponding parts of the tooth of a Mastodon ; when
the tooth comes into use the rounded tips are soon worn
oft, and the grinding surface of the tooth then consists ot
narrow transverse bands of dentine, swrrounded by enamel,
and of cementum in their interspaces. The difference
in hardness between these three tissues preserves a constant
rough surface, owing to their unequal rate of wear. In
their wild condition elephants eat trees with succulent juicy
stems, and oftentimes grass torn up by the roots, from
which they roughly shake out the adherent earth. In con-
finement, the food containing less that is gritty, the teeth
lLecome polished by working against one another, but the
rate of wear is insufficient to keep their surfaces rough ; for
the softer cementum does not get worn down in the inter-
spaces of the plates of dentine and enamel, but remains on
a level with them.

Great though the size of the Proboscideans be, they have
some points of affinity with the Rodents in the great
development of the incisors, the vacant inferval between
these and the molar teeth, and, as was pointed out by
Professor Rolleston, the enamel of the elephant’s molar
having, in its inner portions, a pattern produced by the
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decussation of the prisms which is very similar to that
described by my father as characteristic of all the Roderits
save the Leporidae (Hares) and Hystricidee (Porcupines).

THE TEETH OF RODPENTIA,

The animals belonging to this order, which is sharply
defined, are scattered almost all over the world ; the island
of Madagascar is, however, remarkable for being almost
without indigenous Rodents, as is the case also with Aus-
tralia, —two facts which are of no small interest to the
student of odontology.

For in each of these areas, out of the creatures which
are there (in the one Lemurs, in the other Marsupials),
there has arisen a form so modified as to mimic and take
the place of the true Rodents, viz., the Cheiromys in
Madagascar, and the Wombat in Australia,

The species of Rodents are exceedingly numerous, and
the great majority of them are of small size ; the aquatic
Capybara is far the largest of recent Rodents,

In general features the dentitions of the numerous
species comprising this order are very uniform ; the 1neisors,
(save in the hares and rabbits, in which there is an ac-
cessory small pair irunnzarftia:u,i:xfjl;.r behind the large ones) are
reduced to four in number, are of very large size, and
grow from persistent pulps. The jaws for some little dis-
tance behind the incisors are devoid of teeth, while beyond
the interval the back teeth, generally not more than foup
in number, are arranged in lines which diverge slightly as
they pass backward. The large scalpriform, or chisel-like
incisors, extend far back into the jaws, and are much
curved, the upper incisors, in the words of Professor Owen,
forming a larger segment of a smaller circle than the
lower, which are less curved. The length and curvature
of these incisors relieve from direct Pressure their growing
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pulps, which come to be situated far back in the jaw, the
open end of the lower incisor, for example, being in many
species actually behind the last of the molar teeth, The
nerve going to supply the persistent pulps is of very large

Fig. 145. ()

size, and, owing to the open end of the tooth having for-
merly occupied a more anterior position in the jaw, runs
forward beneath the tooth, and then ben ds abruptly
hackwards to reach the tooth-pulp. In many Rodents the
enamel of the front of the large incisors is stained of a
deep orange colour ; this colour is situated in the substance
of the enamel itself.

The scalpriform incisors terminate by cutting edges, the
sharpness of which 1s constantly maintained by the peculiar
dizposition of the tissues of the tooth.

The investment of enamel, instead of being continued
round the whole circumference of the teoth, is confined to
:+< anterior and lateral surfaces,® on the former of which it
'« thickest. Thus when exposed to wear the enamel is left
standing above the level of the dentine, and this arrange-

(1) Side view of skull of a Rodent, giving a general idea of the dentition
of the order.

(*) Some Leporida (Hares) are said to be an exception to the universal
applicability of this stutement.
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ment results in a very sharp edge being constantly main-
tained. The dentine also is harder near to the front of
the tooth than towards the back of the tooth.

A thin external coat of cement is found upon the back
of the tooth, but in the Rodent it is not continued over the
face of the enamel. In the wombat (page 396) this layer
of cement is continued over the whole anterior surface of
the scalpriform inecisors,

The molar teeth are not very numerous; the mouse

tfamily have usually -_:' ; the porcupines have constantly
+

i’ and the hares

o

; the Australian water-rat (Hy-

- L - - 2
dromys) is altogether exceptional in having so few as 5

Observation has established that the last three of these
teeth are always true molars, and that when there are more
than three, the rest are premolars, and have had deciduous
Predecessors,

But the extent to which the milk teeth are developed
varies much. Mr., Waterhouse (Nat. Hist. of Mammalia—
Rodents, p. 4), has found the milk molar still in place in
the skull of a half grown beaver, while in the hares they
are shed about the eighteenth day after birth, and in
the guinea-pig disappear before birth, Deciduous incisors
have not been found in any of the group, save in the hares
and rabbits.

In the hares and rabbits there are four ineisors in the
upper jaw, a small and apparently funectionless pair
being placed close hehind the large rodent incisors ; but
in very young specimens there are six incisors, of which
the middle pair are svon lost, leaving the first and third
remaining. Whether any, and if so which of these teeth
are to be regarded as milk teeth is a moot question ; but
hares and rabbits have six milk molars in the upper and

four in the lower jaw, which are in use for some time after
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the birth of the animal. Other rodents, such as the rat,
which has only three teeth of the molar series on each
side, and the Australian water-rat (Hydromys), have no
milk teeth, and are hence truly Monophyodont.

More diversity exists in the premolar and molar teeth ;
in rodents of mixed diet, such as the common rat, the
back teeth are coated over the crown with enamel, which
nowhere forms deep folds, and have distinct roots, v.¢., are
not of persistent growth ; the molars of the rat have some
cort of resemblance to minute human molars. In aged spe-
cimens the enamel is consequently worn off the grinding
surface of the crown, which then consists of an area of
dentine, surrounded by a ring of enamel.

But in those whose food is of a more retractory nature,
the molars, like the incisors, grow from persistent puljs
(as is exemplified in the Capybara here ficured), and their
working surfaces are kept constantly rough by the enamel
dipping in deeply from the side of the tooth ; this may also
be seen in the common water-rat. The inflection of enamel
may be so deep as to divide the arcas of dentine completely

Fig. 116. (1)

Nat.

up, the result being a tooth like that of the Capybara, which
is composed of a series of plates of dentine, or * denticles,’
surrounded by layers of enamel, and all fused together by
the cementum. The result of this disposition of the
structures is that the working surface is made up of enamel,
dentine, and cementum, three tissues of different hardness,
which will consequently wear down at different rates, and
so maintain its roughness. Various intermediate forms of

(1) Molar of Capybara, showing the transverse plates of dentine and
enamel united to one another by cementum,
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the molar teeth are met with; thus there are some in
which complexity of the surface is maintained I.J}" folds of
enamel dipping in for a little distance, but which never-
theless after a time form roots and cease to grow. When
the molar teeth grow from persistent pulps, they are
always curved, like the incisors, with the effect of relieving
the pulps from direct pressure during mastication ; and
the last remains of the pulps are converted into secondary
or osteo-dentine, which thus forms the central axis of the

Fig. 147. ()

mecisors, or molars, as the case may be. In this tissue
\&“E’lllﬂl tracts sometimes exist, but it is altogether small
in amount, the formation of true dentine going on till
the pulp at that particular point is almost Dbhtumtu]

(') Condyle and glenoid cavity of the Capybara, showing their longitudinal
direction.

Z
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As has alteady heen mentioned, when the molar series
consists of more than three teeth, those anterior to the
three trme molars are premolars, which have displaced
milk teeth ; but they do not differ materially in size or
form from the true molars.

The form of the condyle and of the glenoid cavity in
Rodents is characteristic ; they are much elongated in an
antero-posterior direction, so that the range of backward
and forward motion, made use of in gnawing, is very con-
siderable (Fig. 147). And the powerof the teeth is mar-
vellous ; rats will sometimes gnaw holes in water-pipes, or
in gas-pipes, in which they have heard water bubbling.

The general character of a Rodent’s dentition may be
illustrated by a description of that of the Capybara.

Fig. 148, (1

1 3
aNat.Size.

The incisor teeth are squarish. They arve wider than
they are deep, and are slightly grooved on their anterior
surface.

There are four grinding teeth on each side, of which the
first three ave small, and with few cross plates of dentine

(1) Cranium of Capybara.
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and enamel, but the fourth is a very complex tooth, with
twelve or more such plates, which are fused into a solid
mass by cementum,

The tooth being one of persistent growth, there is no
common pulp cavity, but each plate has its own.

It has already been mentioned (page 150) that the den-
tinal tubes at that part of the Rodent’s incisor which has
come into use are much smaller than those near to its
growing base, thereby proving that they have undergone a
diminution in calibre at a time subsequent to their original
formation. Near to the surface actually in wear they
become cut off from the pulp cavity by the conversion of
what remains of the pulp into a laminated granular mass,
so that the dentine exposed on the surface of a Rodent’s
tooth must be devoid of sensitiveness, and the contents of the
dentinal tubes musthave presumably undergonesome change.
But what the nature of the change in the contents of den-
tinal tubes which have ceased to be in continuity with a
vaseular living pulp may be, there are, so far as I Kknow, no
observations to indicate.

But as was shown by my father (Phil. Trans. 1850), the
enamel of Rodents is peculiar, and some little diversity in
the arrangement of the prisms exists in different families
of the order, their character being in many cases so marked,
that it is often possible to correetly refer a tooth to a
particular family of Rodents after simple inspection of its
enamel.

In general terms it may be said that the enamel is
divided into two portions, an outer and an inner portion
(this is true of all save the hares and rabbits), and that the
enamel prisius pursue different courses in these two portions,

Thus in the enamel of the beaver (by an error at page 46
called that of the dormouse), in the inner half, nearest to
the dentine, the prisms of contiguous layers cross each other
at right angles, whereas in the outer portion they are all
parallel with one another,

b

i L
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[n the genera Sciurus, Pteromys, Tamias, and Spermo-
philus the enamel fibres, as seen in longitudinal section,
start from the dentine at right angles to its surface ; in
(lustor they incline upwards at an angle of 60°, but preserve
the distinction between the outer and inmer layers very
distinetly. :

Fig. 149. (1)
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1 the Muridse the decussation of the layers in the inner
part, and their parallelism in the outer part of the enamel are
also found, but in addition to this the boxders ot the indi-
vidual prisms are slightly serrated, the serrations of con-
tiguous fibres interlocking.

In the Porcupine suborder the fibres of the inner portion
of the enamel pursue a serpentine course, nevertheless
showing indications of a division into layers; they become
parallel in the outer portions as in other Rodents.
Swmall interspaces are found amongst the enamel fibres of
the Poreupines,

In the haves (Leporide) the lamelliform arrangement, and
the division into outer and inner layers, alike disappear.

The peculiarities in the disposition of the enamel fibres,

(1) Transverse section of an incisor of a Beaver (Casfor fiber). The enamel
prisms of superimposed layers eross each other at right angles in the inner
portion of the enamel, but all become parallel in the outer,
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which areso marked in the ineisors, do not generally exist
in the molars of the same species,

Many minor differences in the arrangement of the
enamel prisms exist, for a deseription of whiech I must
refer the reader to the original paper, but in general terms
it may be said that the ¢ enamel lamellee have a different
and distinetive character in each of the larger groups, and
that the variety of structure is constant throughout the
members of the same group ; we may take, for example, the
Sciuridee, the Muride, and the Hystricide, in each of
which the structure of the enamel is different ; and in each
is highly distinctive.” And further, that the varieties in
the structure of the dental tissue, so far as they are known,
with a few isolated exceptions, justify and accord with the
classification of the members of the order given by Mr.
Waterhouse in hiz Natural History of the Mammalia.



CHAPTER XII.
THE TEETH OF CARNIVORA.

Tre animals grouped together under the name of
Carnivora are divided into two sections, the Aquatic and
the Terrestrial Carnivora.

The terrestrial Carnivora were formerly classed as ‘¢ digitigrade”
and ““plantigrade,” a classification exceedingly inconvenient, as it
left the greater number of the animals to be classified in the de-
hateable ground between the two extreme types. As a linear
classification is impossible, they are mow grouped around three
centres : the (Eluroidea, or cat-like ; the Cynoidea, or dog-like ; and
the Arctoidea, or bear-like Carnivora ; and, instead of taking the
Felidm, or Cats, as the type of the group, it is generally considered
that the Dog tribe are the most generalised form, and that the Cats
are an extreme modification in one direction, the Bears'in another.

The Cynoidea comprise the Dog, and its immediate allies, the
Wolves and Foxes. :

The (Elurcidea, or eat-like Carnivora, comjrise the Viverridae
(Civets), Hysnas, and Cats.

The Arctoidea, or bear-like Carnivora, comprise the Mustelidae
(Weasels), Procyonidze (Racoons), and the true Bears,

The order Carnivora is a very natural one, and its name is, upon
the whole, fairly descriptive of the habits of the majority of its
members ; though there are some creatures included in it which are
mixed feeders, and others which are purely vegetarian.

In earnivorous animals one tooth on each side of both
upper and lower jaws is of considerable length, is sharply
pointed, and is called a canine; the upper cauine is
separated by an interval from the incisors, the lower canine
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being received into the vacant space or “diastema’ so
formed.

The incisors are short, almost always six in number, and
stand nearly in a straight line, transversely across the front
of the jaw, the outermost upper incisor being sometimes large
and pointed so as to be like a small canine.

The incisors and canines may, on the whole, be said to be
tolerably uniform throughout the order, but the variations
in the premolar and molar teeth are both numerous and
interesting,

In the most purely carnivorous members of the order,
the Felidee, the true molars are reduced to a minimum, and
the back teeth arethin edged, ‘‘ sectorial ” teeth ; in the hears,
on the other hand, some of which are purely herbivorous, the
molars are little short of the full typical mammalian number,
and are furnished with obtuse and broad grinding surfaces,

The accompanying figure will serve to give the general

Fia. 150. (1)

aspect of the teeth and jaws of a typieally carnivorous
animal, and to show the great development of the processes

() Side view of the cranium of a Tiger, with the mouth slightly opened
to show the relative position of the great canines,
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for the attachment of muscles, and the stout wide arch of
the zygoma,

To a particular tooth in the upper jaw, and to its antago-
nist in the lower jaw, Cuvier gave the name of “ carnassial ;”’
these, conspicuous in the true flesh-feeders, hecome less
differentiated in the Arctoidea or bear-like Carnivora, and
in the bears themselves are indistinguishable from the other
teeth, save by a determination of their homologies by :
process of comparison with the teeth of intermediate forms.

The sectorial or carnassial tooth in the upper jaw is
always the fourth premolar ; its erown is divisible into-two
parts, the one a thin sharp-edged blade, which runs in an
antero-posterior direction, and is more orless divided by one
or two notches into a corresponding number of cusps; the
other part, the “tubercle,” is a shorter and blunter cusp,
situated to the inner side of the anterior end of the blade
(see fig. 154). Inthose which are most purely flesh-feeders,
the “Dblade” is well developed, and the tubercle of small
size ; an inerease in the tubercular character of the tooth is
traceable through those genera which are mixed feeders.

The lower tooth which antagonises the upper carnassial,
passing a little behind it, is the first true molar; in the
Felidza it consists solely of the blade, which is divided into
two large cusps, behind which is a very small and rudimen-
tary third division (which in the Hyanide, for example, is
of conspicuous dimensions). In existing Carnivora but
one © sectorial ? tooth is to be found on each side of the
jaws, but in the Hywnodon and some other extinct ter-
tiary mammals there were three teeth partaking of this
character,

In a general sense we may say that the characters which
indicate a pure flesh diet are: the small size of the
incisors as compared with the canines, and their arrange-
ment in a straight line across the jaw ; the large size, deep
jmplantﬂtic}n, and wide separation from one another of the
canines ; the reduction in number of the molar series, those
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that remain being without broad erushing surfaces, in the
place of which a pointed or sharp-edged form prevails.

Thus the more numerous the teeth of the molar series,
and the broader their erowns, the more likely it is that the
creature subsists upon a mixed diet; and a gradation
may be traced even in individual teeth, such as the
carnassials, in which a gradual increase in relative size of
the infernal tubercular cusps of the upper, and of the
posterior tubercles of the lower teeth, may be traced as we
pass from the examination of the teeth of Felide, to those
of mixed feeders, such as the Arctoidea.

It is a familiar observation that immature animals differ
less from their allies than do the respective adults, and this
is exemplified by the milk dentition of the present order.

With the exception of the Felide, which have only two
lower milk molars, the terrestrial carnivora, so far as is
known, all have the same milk dentition.

1.?' cl mq.
3

1 3

Cynoidea.—The dog presents almost the full typical
number of teeth, one upper molar (present in an extinct
dog-like animal, the dmphicyon) alone being wanting.

i?’ B pmi_ 0
3 1 4 3

The incisors are small, the outermost being the largest ;
the upper incisors have, as in a great many Carnivora, a tri-
lobed shape, the surface of the crown being marked by a
transverse groove into which the apex of the lower tooth fits,
and the anterior of the lobes thus formed being notched so
as to divide it into two.

The canines, large and conical, are somewhat compressed
from side to side, and have an anterior and a posterior

sharp ridge ; they are also slightly flattened on their inner
surfaces.
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The premolars are flattened from side to side, pointed,
increasing in size from before backwards, and have small
basal accessory cusps (see fig. 151). The fourth upper pre-

Fig. 151. (%)

#Nat Size

molar is the sectorial tooth, and is very much larger than
the third premolar ; the blade is well pronounced, and the
tubercle small.  The fourth lower premolar does not

(1) Dentition of Australian Dog (Canis dingo.)
(#) Milk and permanent teeth of Dog,
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greatly differ from the third. The two upper true molars
are blunt, broad-crowned tuberculated teeth, but the second
is very small.

In the lower jaw the first true molar or carnassial tooth,
has a well-marked blade, which articulates with the blade
of the upper carnassial tooth; but towards the posterior
border there is a somewhat thick and blunt tuberculate
portion, barely represented in the corresponding tooth of
the Felidee ; the tubercular portion articulates with the
broad flat first upper molar. The second lower molar is
sinaller, not being one-fourth the size of the first ; the third
smaller still ; both are blunt-crowned tuberculated teeth
(the third lower molar, rudimentary in all dogs, is alto-
gether absent in the Cands primaous).

The dentition of the dog, closely similar as it is to that
of the wolves and foxes, issuch as to allow of a considerable
range of diet, there being tubercular molar teeth in addition
to a full armament of such sharply-pointed teeth as are
characteristic of flesh-feeding animals,

Thus the Canidze, uniform as they are in dentition, have
somewhat different habits; the Arctic fox, a flesh-feeder
purely, has a dentition indistinguishable from the North
Italian fox, which is reputed to be vegetarian in its diet :
the Canis cancrivorus of Guiana eats small mammals, crabs,
and also fruit. Hence it is necessary to be very careful in
deducing from the character of the teeth what may pro-
bably have been the diet of the animal ; an approximate
idea may often be reached, but the sources of fallacy are
sufficiently nymerous to render the conclusion uncertain.

Amongst the various breeds of dogs some slight differ-
ences exist. Thus in the long-muzzled races considerable
intervals exist between the premolars, as is to some extent
seenin C, Dingo (fig. 151), while in the short-muzzled races
the teeth are in contact, and set somewhat ooliquely, so as
to be almost imbricated,

In some long-muzzled races supernumerary teeth are
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sometimes found ; thus De Blainville (Ostéographie,
Canide) figures two examples, the supernumerary tooth
leing in one case a premolar, in the other a true molar.

(Bluroidea.—With a dental formula not differing much
from the dog (and not at all from Canis primevus) the
Viverridee (Civet cats, Ichnenmons, &e.) approach the more
typical carnivores in such points, as the thinner and
sharper blades of the premolar teeth and the greater rela-
tive length and sharpness of the canines.

The dental formula is

. 3 1 4 2
1. 6= p= W,
! I 4 2

At the same time the lower carnassial tooth has no less
than six sharply pointed cusps, and it lacks the typical
character of a sectorial tooth, while the long pointed
cusps of the molars of some Viverride recall the characters
of insectivorous dentitions rather than those of true flesh-
feeders ; furthermore, there are other Viverride which are
not at all savage, and which subsist on a diet of fruits,
egus, &e., such as the Binturong or the Paradoxurus, the
teeth of which have almost lost the carnivorous character.
Little use can therefore be made of the Viverride as illus-
trating the transition between the dental characters of the
other families of the order ; they rather serve to exemplify
how, within the limits of a single family, with an identical
dental formula, the form and size of the teeth may vary so
as to adapt its members to different forms of food and
habits of life. !

In the Hyena the jaw is short and stout; the canines
ave set far apart, and the teeth of the molar series are
reduced in number,

i§ cl p_m_].
3 1 1

The incisors are short and stout, but the outermost
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upper incisor is somewhat caniniform ; the canines are
very strong, but are not so long relatively to the other teeth
as in the Felide, :

The premolars are all stout pointed teeth, with a very
well pronounced basal ridge or cingulum, serviceable in
protecting the gums when the creature is crushing up

Fia. 1563. (1)

hones ; they increase in size from before backwards in the
upper jaw, the fourth upper premolar being a well marked
carnassial tooth with its blade and tubercle,

The lower carnassial or first molar consists of little more
than the notched blade ; but the little posterior tubercle so
strongly pronounced in the dog, is in the hyzna distinetly
more marked than in the Felide (cf. figs. 151 and 154). The
only upper true molar is the rudimentary tooth, placed
inside the back of the fourth premolar.

The main feature of the dentition of the hyeena is the

(*) Upper and lower teeth of Hymna, The strongly marked cingulum is
seen uponthe lower teeth. In the upper jaw the fourth premolar (carnassial
tooth) has a strong blade, divided into three cusps, and a small tubercle

upposite to and within the anterior cusp; it is a good typical carnassial
tooth, -
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great stoutness and strength of the teeth ; they are admir-
ably adapted to the habits of the animal, which feeds rather
upon the portions of carcasses left by the fiercer carnivora
than upon those which it kills for itself, and consequently
bones form a large proportion of its food.

There is a curious hyena-like animal found at the Cape
(of which there ave often specimens at the Zoological
(Gardens) called Proteles or Aardwolf, in which the teeth
of the molar series are quite rudimentary. The incisors
(much worn in old animals) and the canines are fairly well
developed ; the molars and premolars quite stunted,

The deciduous dentiiion (dm. 2_ ) is similar to the

adult, as respects the teeth being stunted. Tt is a cowardly
animal, and is supposed to feed on putrid flesh ; it is said to
cat young lambs, and to bite the large tails of the Cape
sheep, which are remarkable for containing an abundance
of semi-fluid fat.

Felidw.—The dentition of this family is singularly
uniform,

Thus the molar series is reduced below that of hyzna
by the loss of a premolar in both jaws. The incisors are
very short, the canines very large, widely apart, and
sharply pointed, with a pronounced longitudinal ridge
very characteristic of the Felide ; the premolars nearest to
them are quite short, so that they stand practically alone,
and so can penetrate the flesh of living prey more readily.

The first upper (really the second of the typical
mammalian dentition) premolar is almost a rudimentary
tooth ; the second, a far larger tooth, is sharply pointed ;
the third is a well pronounced carnassial tooth, of which
the ¢ blade’ is divided by two notchesinto three sharplobes,
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with the middle one of which the ¢ tubercle ’ is connected

by a slight ridee,
y = 2 Fig. 154 (O)

Ay

The solitary true molar is a small tooth, placed trams-
versely, and within the back of the premolar, so that
looking from the outside it is not visible at all.

In the lower jaw the carnassial (first molar) is reduced
to the ‘blade”’ only; it is divided by a V-shaped notch
into two lobes, and the posterior tubercle is hardly repre-
sented.

In an extinet feline animal, the Machairodus, found in
tertiary strata, and very widely distributed (in France,
Italy, India, Brazil, Buenos Ayres) the first of the pre-
molars left in the upper jaw of Felis, and there almost

rudimentary (see fig, 154), has disappeared ; the dental
formula is thus :

s | 2 1

Lo =20t = e S e

g ¥ 2 1

The upper canines are of . immense length, and the ridge

of enamel which runs down the front and back surface of

(*) Side view of lower, and palatal aspect of upper jaw (Leopard).



359 A MANUAL OF DENTAL ANATOMY.

the teeth is distinetly serrated ; hence the name of saw-
toothed Tiger which has been given to the ani mal.

Fig. 155. (1)

The lower canines were quite small, and ranged with the
incisors. The enormous length of the upper canine ren-
ders it difficult to see in what manner it was made use
of, as the mouth could hardly have been opened to an
extent sufficient to enable its point to do more than clear
the lower jaw.

The extinet Hyenodon had feline affinities, but differed
in that it presented the typical mammalian formula of

L i o ik 3
= G = T ik
3 1 L 3

its great peculiarity being that one and all of these teeth
were of “carnassial”form. Yet the elongated form of its jaw
is, so far as it goes, opposed to the idea of its having been
highly carnivorous ; its food at all events must probably
have consisted of animals very much smaller than itself.
Arctoidea.—Amongst the Carnivora grouped together by
many characteristics as ‘bear-like,” a tolerably complete

(") Side view of the jaws and craninm of Machairodus (Drepanodon), after
Owen, ]
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gradation of character in the matter of dentition may be
traced.

Some of the group, such as the stoats and martins, are
very carnivorous ; others ave mainly herbivorous. Of the
Mustelidee the dental formula is

12 L P s

Sy L | 4 2
There is a sort of primd facie resemblance to the feline
dentition, for the sectorials are very much like those of
the Felide, but the last tooth in each Jaw 1s a broad topped
tubercular melar, even in the most carnivorous members of
the group, while in those which are less 50, such as the
badger, the molar teeth are very broad and obtuse, the
lower sectorial having a very small blade and a very large
tubercular posterior talon, so that, without having really
lost its typical formation it comes practically to be a broad

grinding tooth,

In the Procyonidae (Racoons and Coatimundis, &e.), we
have a further departure from the ecarnivorous character,

Lig. 156.(0)

(1) Upper and lower tooth of g Coatimundi (Nasue socialis). The fourth
upper premolar (earnassial tooth) has lost its sectorial character by the
blade being much less, and the tubercle mueh more developed than in the
(Elurvidea ; there is an additional internal tubercle at the back of the tootl .

A A
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in the increased development of the molar series: the dental
formula is
se5di el 4
i = PR
3 1 4

Tn the Coatimundi, for example, the upper sectorial
has a very large ¢ tubercle,’ and posteriorly to this there is
o small additional tuberele ; the “blade’ has no large or con-
spicuous thin, flat, sharp edge, but presents two pronounced
Cusps.

The lower sectorial is no longer recognisable as a car-
nassial tooth, but all the true molars ave broad teeth with
four or five cusps. '

The canines are very peculiar, those of the upper Jaw
being very straight and much flattened from side to side ;
those of the lower jaw strongly curved, and marked by a
deep groove near the front of their anterior surface.

In the Bears the teeth are yet further modified to suit
the requirements of mixed or vegetable feeders.

The dental formula is

& a- 1}% 111
2yl 4

The incisors of the upper jaw present the noteh across
the crown, SO comMMON in carnivora, and the outermost is
large and not unlike a canine ; the canines are, relatively
to the other teeth, not so large as in dogs or Felidee, never-
theless they are stout strong teeth, upon which the an-
terior and posterior ridges of enamel are well marked.

The first three premolars are small dwarfed teeth ; the
first premolar is very close to the canine, and has a crown
of peculiar form, produced out towards the canine.

All four of the premolars seldom persist throngh the
lifetime of the animal ; the first premolar, however, 1s
rarely (if ever in recent species) lost, the second being the
first to fall out, and then the third. As the fourth is never
lost, in most adult bears the first and fourth premolars are

T R

[l I



THE TEETH OF CARNIVORA, anb

found, with a wide interval between them. The premolars
of bears thus form an exception to the rule that when
tooth is lost from the premolars, the loss takes place from
the front of the series.

The fourth upper premolar (carnassial tooth) retains
something of its carnassial character ; the first lower molar
very little, save that it is a narrower and more elongated
tooth than the other true molars.

Fig. 157. (1)

= Nal. Size.

Ty

The true molars are squarish or oblong teeth, raised into
blunt tubercular cusps ; they vary in different species,

In the sloth bear (Ursus labiatus) the incisors are small,
and the median pair are lost early ; it is variously stated
to be frugivorous and to feed on ants, the latter probably
being the more truthful account.

(1) Teeth of a Bear (Uisus thibetanis ?). The figure is drawn from a voun
apecimen, in which the canines have hardly attained fo their full length.
In this Lear the four premolars are all persistent,
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CARNIVORA PINNIPEDIA (SEALS).

The aquatic Carnivora are divided into three families : —

I. The Otariide, or Eared Seals, comprising the single genus (taria,
known as Sea Lions, or Sea Bears. These are the ‘‘ fur seals,”
from which seal skin is procured, and they are less removed
from the terrestrial éarnivora than are the other seals ; the limbs
are better adapted for walking, there are external ears, &e.

1. The Phocidm, to which family the Seals of our own coasts
(Phoca greenlandica, &c.) and the Great Proboscis Seals of the
southern seas (Cystophora) belong. -

11, The Trichechide, or Walruses, an aberrant Arctic family, con-
sisting of one genus only.

The dentition of the seals is less highly specialised than
that of other carnivora, in some cases approximating to
that of homodont cetaceans.

The canines are generally well marked by being larger
than the other teeth, but the molars and premolars are
very similar to each other, and are simple in pattern. The
milk dentition is very feebly developed in the seals ; in the
Otaria (fur seal) which of all the seals most approaches to
the terrestrial carnivora in other chavacters, the milk teeth
are retained for a few weeks, but in most others they are
shed about the time of birth (cf. page 278). Thus Pro-
fessor Flower tells us that in a Phoca greenlandica a week
old scarcely a trace of the milk teeth was left.

The teeth of Otariw and of some other seals become
much worn down, and they also seem to become eroded at
the level of the gumns, as they ave often deeply excavated at
points which cannot possibly have been exposed to friction,
but the nature of this erosion has not been adequately in-
vestigated.
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The common seals (Phoca) have a dental formula
.t L 4 1
e s JEE T
S R | 4 1
The incisors arve of simple form, and the outer are the
larger. The canine is a strong recurved tooth, with a

Fig. 158. (1)

(1) Jaws of Otaria, in which the teeth are affected by the form nf‘ erosion

alluded to in the text. After Dr. Murie. Odont, Soc. Traus., 1570.
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large root ; behind it follows a series of molars, each
of which (with the exception of the first) bears a central

Fig. 159. (1)

prineipal cusp, with a smaller accessory cusp before and
behind it. The forms of the crowns vary a good deal
in different genera, in some the cusps being much larger,

ore deeply separated from one another and recurved ; and

Fig. 160, (%)

+nal size 0

in others the accessory cusps heing multiplied, so that the
name of ‘saw-toothed seal’ has been given to their
P OSSessoTs,

In the Hooded seals (Cystoplora) the incisors arc re-

(1) Teeth of Phoeo greenlandica.
() Permanent and milk teeth of Elephant Seal (€ysfopliara prolioseiden).
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duced to one in the lower jaw and two in the upper ; the
canines are of great size, but the molars are gmall and sim-
ple in form, so as to approximate to the teeth of true
Cetacea.

The walrus (Trichechus rosmarus), an aberrant Arctic
form, is possessed of enormous upper canines, which pass
down outside the lower lip, and are of such dimensions as
to materially modify the form of cranium by the size of
their sockets; they grow from persistent pulps, and are
composed of dentine with a thin investment of cement.

The great tusks are employed to tear up marine plants
and to turn over obstacles, the walrus feeding upon Crus-
tacea, and also npon seaweed, &ec. ; they are also used to
assist the amimal in clambering over ice : as they are of
almost equal size in the female, they cannot be regarded as
weapons of sexual offence, but they are undoubtedly used
in the combats of the males. .

In addition to the great tusks the walrus ordinarily has a
row of four or five short simple teeth, worn down to the level
of the gums ; of these, the one placed immediately within
the base of the great canine is in the inter-maxillary bone,
and is an incisor : the ordinary dental formula is given by

Professor Flower as
. 1 1 3
e
0 "Lt 3
Put there is some difficulty in assigning a definite dental
formula : for in front of the solitary incisor ave often the
sockets (or even the teeth themselves) of two others, which
are for various reasons rather to be regarded as non-per-
sistent teeth of the permanent set than as milk teeth ; and
there are also small teeth sometimes to be met with hehind
the molars, which seem to be rudimentary permanent
teeth.
The teeth above alluded to may persist through life, and
probably often do ; but they are sure to be lost in macerated
skulls, as they have but little socket. Of the milk den-
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tition four teeth have been traced in each jaw : they are
rudimentary, are lost about the time of birth, and corre-
spond in position to the more largely developed teeth of the

Fig. 161. (1)

adult. Hence the question if those small rudimentary
teeth above alluded to are to be regarded also as milk
teeth which are long retained, or as rudimentary permanent
teeth ; at present this requires further elucidation.

(1) Bide view of upper and lower jaws of a Walrus (Trichechus rosmarus,)
The upper jaw has been tilted a little to one side, in order to bring into
view the molar teeth at the snme time with the long tusks., The determina-
tion of the teeth Leing open to question, they have been simply numbered,
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CHAPTER XIII.

THE TEETH OF INSECTIVORA, CHIROPTERA, AND PRIMATES.

The Insectivora form rather a heterogeneous order of Mammals,
and embrace very vavious forms.  All of them are of rather small
size, and some are very small indeed. Their diet consists for the
most part of insects, and their teeth are generally adapted for this by
being furnished with many points. The best known animals in the
order are the Hedgehogs, the Shrews, and the Moles; to these are
to be added the Galeopithecus, or ** Flying Lemur,” and the Ma-
croscelidee (Elephant inice). Insectivora are more abundant in
Africa, Asia, and South America than in Europe. The Shrews
approximate in some measure towards the Rodents, and the Tapaia
is very lemurine in its characters,

THE common English Hedgehog (Erinaceus) has the dental
formula.

i s pm E 2
2 0 o 3

In the upper jaw there is a wide interval between the
first pair of incisors, which are much the largest, and are
caniniform in shape. The next two teeth (incisors) are
quite small, and vesemble premolars in their form. The
next tooth has two roots, and a erown with one cusp, and is
also like the premolars Dbehind it. This tooth, the root of
which shows indications of division, because it comes next
behind the intermaxillary suture is sometimes called a
canine ; behind this come two small premolars,

The fourth upper premolar is totally different in size and
form from the third: its crown is large, squarish, and
furnished with four cusps, of which the antero-external one
is far the longest and sharpest. ‘
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The first upper true molar has a square crown, upon
which are four sharp cusps: it is implanted by four roots.
The second true molar is also square, quadricuspid, and

Fig. 162. (?)

has four roots ; but it is much smaller than the first, while the
¢hird upper true molar is quite a small, compressed, double-
rooted tooth, with a thin-edged crown.

In the lower jaw the first incisors, less widely separated
than the upper, are also the largest ; then follows another
tooth termed incisor, on account of its relation to the
upper incisors when the mouth is closed. The third tooth
is much larger, and of peculiar form. The fourth tooth
from the front is a small single tooth, like the third, but
upon a smaller scale. Next behind it, comes a tooth which
is very much larger, and its crowi carries two prineipal cusps
with a small subsidiary cusp. The next teoth (tirst true
molar) has an oblong crown beset with five sharp cusps, of
which four are arranged at the corners of a square, while the
fifth, obviously an elevation of the eingulum, lies a little in
front and towards the inside of the tooth. In the second
true molar the fifth cusp is but little indicated, while the
last true molar is a dwarfed tooth with but one cusp. Se-
veral dental formulee have been assigned to the Hedgehog:

(1) Upper and lower teeth of the Hedgehog ; in the lower jaw the pre-
molars should have been lettered pm 2, pm 3, pm 4.
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there is little room for difference of opinion as to the
nomenclature of its upper teeth, though some authors (e.g.,
Professor Mivart) prefer to call the first premolar a canine,

But in the lower jaw some authors give i 2 ¢ 1 pm 2,
others i 3 ¢ 0 pm 2, and others again, i 2 pm 3. The
last given seems the least artificial, and corresponds best
with the relations between the upper and lower teeth when
the mouth is closed.

Rousseau describes the existence of twenty-four milk
teeth (i g dm ’%}; that is to say, all the teeth in front

of the true molars had deciduous predecessors, but his
grouping of them into incisors and molars is arbitrary,

The milk feeth are not shed and replaced until the
animal has attained to almost its full dimensions, and all
three true molars are in place.

The teeth of the Hedgehog fairly represent some of the
features of Insectivorous dentitions, the forcep-like incisors,
the stunted or non-developed canines, and the molars
bristling with pointed cusps, are common to Very many
Insectivora,

LThe Shrews have numerous sharply-pointed tecth, the
points interdigitating and fitting very closely together
when the mouth is shut. There is no tooth either in the
upper or lower jaw which is elongated so as to deserve the
name of canine ; between the incisors and the true molars
are several small teeth which, by analogy, are called pre-
molars. The true molars are not very different in pattern
from those of the mole (B in Fig. 164), and present the
W-contour so common in the molars of Insectivora,

The most marked peculiarity in the dentition of the
Shrews lies in the form of the incisors. The first upper
incisor is always very large indeed : it looks vertically
downwards, is a little hooked, and has a noteh, and a second
low cusp behind the principal long pointed cusp. The tip
of the lower incisor fits into this noteh, The lower incisor
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is also very large: it lies nearly horizontally, though the
point is bent a little upwards. Along its upper edge there
are, in most species, three or four small cusps, while its
lower border is curiously prolonged outside the bone of the
jaw, so as to in some measure encase this latter. The lower
incisor is at least ome-third as long as the whole alveolar
border. The incisor teeth of the Shrew would appear to
form a very efficient pair of pincers, with which to pick up
the minute creatures on which it feeds. Of the milk teeth
of Shrews little is known : they are said to be absorbed
before hirth, but accurate observations upon them are mueh
needed, their very existence being doubtful.

The dentition of the Mole (Z'alpa) has been the subject of
much controversy, the determination of its canines, &c.,
presenting such difficulty that no less than five different
dental formulae have been assigned to it.

In the front of the upper jaw come three small teeth, of
which the first is somewhat the largest, which are well
within the limits of the intermaxillary bone, and which
are doubtless incisors. But the next tooth, which 1s very
hig, also appears to be implanted in the intermaxillary
bone, the suture passing across the socket of this tooth
close to the back of its posterior root. According toifs
implantation it therefore would be an incisor, (*) but it is
very unlike an incisor ; and it 1s two-rooted, a thing ano-
malous either in an incisor or a canine, though found in
the canine of Gymnura, which is in the maxillary bone.

Next come three minute premolars, and a fourth, which
is much larger than the others : these all have single crowns,
consisting of little more than a single sharply-pointed cusp.

() I confess I eannot follow Mr. Bpence Bate when, in his valuable paper
on the milk teeth of the mole, he says, “ This tooth is implanted within
the limits of the premaxillary bones, the suture separating them from the
maxillary, passing through the posterior portion of its alveolus : fhus de-
monstrating that this deciduwons tooth is the true homologue aof that of the
canine in the mammalion type.”  Surely it would go to prove the contrary,
if accepted as evidence at all to the point.
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The first two upper molars are large teeth bristling with
cusps : the third is much reduced in size and simplified
in pattern. In the lower jaw the four front teeth are

Fig. 163. (1)

small ; the fourth or ontermost of these incisors is called
by some writers the lower canine, because, when the teeth
are closed, it passes in front of the upper caniniform tooth.

But the tooth which does the work of a canine in the
lower jaw is the fifth counting from the front: this is a
two-rooted tooth, and’conforms so closely with the three
teeth behind it in configuration, that it is obviously ouly
one of these premolars developed to a areater length than
the others. 1t closes behind the caniniform upper tooth, so
cannot on this ground be called a canine by those whe
attach importance to the term.

The remaining three premolars are rather small and
single ; the true molars are of considerable size, and their
points are very long and sharp.

I have purposely avoided giving any dental formula for
the Mole : everything turns upon the value which we
attach to the term canine ; and I have already given reasons

(page 259) for attaching but little lmmnlngiual Importance
to its determination.

(1) Upper and lower teeth of the common Mole. The functionless milk

teeth (after Spence Bate) are placed above the permanent teeth whick
displace them, :
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Mr. Spence Bate’s paper (Trans. Odontol. Society, 1867),
valunable as it in other respects, in my opinion contributes
absolutely nothing towards the determination of this point,
though on it rests our whole knowledge of the milk den-
tition of the creature.

In a Mole 32 inches long Mr. Spence Bate found eight -
milk teeth on each side of both upper and lower jaws, as is
indicated in Fig. 163. The milk incisors were about one-
twentieth of an inch in length, and one-twohundredth in
diameter, and were rudimentary in form, consisting of long
thin cylindrical tubes surmounted by slightly expanded
crowns. All the milk teeth were of this simple form, save
only the last in each jaw, which presented crowns with
two cusps, and had their rcots to some little extent
divided into two.

At the time when these teeth ave present the intermaxil-
lary suture is very distinet, and there is no doubt that the
fourth upper milk tooth, the predecessor of the caniniform
tooth, is in the intermaxillary bone.

The teeth had not fairly cut the gum, and the advanced
state of the pernianent teeth beneath them make it doubtful
whether they ever do become erupted. At all events they
can be of no use.

In many of the order Inmsectivora the milk dentition is
unknown, but we have exemplified amongst them every
arade of completeness in its development. Thus in the
Hedgehog and Centetes (an allied animal from Madagascar)
the milk dentition is tolerably complete, while in the
Shrews it has all but, or quite, disappeared.

The W-pattern characterising the molars of Insectivora
has already been alluded to ; it is well exemplified in the
molar of Uretriclhus,

In this tooth, as has been clearly shown by Mr. Mivart
(Osteology of Tnsectivora, Journ. of Anat., 1868), the four
cusps of the typical tooth (a, b, ¢, d) have heen added to
by the elevation of the cingulum into three or four
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external, and one internal cusp, making up the total
number to nine. Thus it is that the molars of this ordex
often fairly bristle with cusps. '

Fig. 164. (')

In the Mole the number of eusps is diminished by the
coalescence of b and d into a ridge, and the disappearance of
the inner cusp of the cingulum, while the simplification is
carried yet further in the Cape Mole (¢ in Fig. 164).

It would Dbe impossible to notice the somewhat varied
dentitions of other Insectivora in these pages, but mention
must be made of the wvery anomalous teeth of the
(zaleopithecus, formerly placed with the Lemurs under the
title of * Flying Lemur.”

Its lower incisors are divided by a number of vertical
divisions running down through a great part of the
length of the crowns, so that they can be compared to
combs, or to hands with the fingers slightly separated.
What the purpose served by these comb-like teeth may be
remains uncertain : no other animal has similar teeth.
Galeopithecus has a well developed milk dentition, the
milk teeth being very similar to their successors.

The teeth of Insectivora are remarkable for the thickness
of their enamel, which is to some extent penetrated by
the dentinal tubes in the Shrews. The enamel is deeply

() A. Upper molar of Urotrichus; B. Mole; C. Cape Iridescent Mole,
(Chorysochloris),
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coloured in some Shrews, the pigment being actually in the
substance of the enamel, and is not in any distinet layer.

THE TEETH OF CHIROPTERA.

The Bats, sharply distinguished from all other mammals
by the possession of wings, are divided into two groups,
respectively insectivorous and the frugivorous. :

The insectivorous Bats, by far the most numerous section,
ave for the most part possessed of small incisors, rather
large canines, and premolar and molar teeth which bristle
with sharp cusps, and generally present the \W-pattern.
In fact, in general character, their teeth resemble those of
the Insectivora.

The incisors are sometimes reduced in number, and
spaces left Detween them. The milk teeth are known in
some species of Bats only, and they are not developed
to any considerable size, being shed soon after birth, nor
have they very definite sockets. The milk dentition of
the Vampire Bat (Desmodus) appears to consist of ineisors
only ; or of incisors and canines. It has, near to the front
of the upper jaw, six teeth, each of which is very long and
slender, and has a strongly hooked point ; it is suggested
that these slight hooked teeth may assist it in holding on
to the mother, These milk teeth are sometimes found
after the permanent teeth are all un sita.,

The Vampire (Desmodus) has its teeth specially modified
to accord with its blood-sucking habits.

It has only one permanent incisor on each side, whichis a
Jarge but thin and sharp edged tooth, with which the wound
is made ; the lower incisors are small teeth with feebly
notched edges. The canines are large, and the molar

() In a skull of Desmodus, in the possession of Mr. R. F. Tomes, the third
mnilk tooth appears to correspond in position to the permanent canine ; the
same is the case in the specimen figured by Messrs. Gervais and,Castel-
main {I;:i.:pml. dans les part. cent. d'Amérique du Bud).
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series, which is not required in an animal subsisting upon
blood, is stunted., The molar teeth arve, however, sharp,
and small, and there is no marked distinction into molars
and premolars,

The frugivorous bats (of which the Pteropus, or flying
fox, is an example) have much larger muzzles, and the
molar teeth are set with intervals between them.,

The dental formulais i 2 ¢ L p bdgh vl

2 1 3 3

The incisors are small, and the canines rather large.

Both molars and premolars are of somewhat simple form,
being long, and compressed from side to side. The outer
borders of the crowns of the molars are elevated into dis-
tinet but not exceedingly sharp eusps, which become worn
down by use, :

The insectivorous character of the presence of many
sharp cusps upon the teeth is not to be found in an y of the
fingivorous bats.

af

THE TEETH OF PRIMATES.

The order Primates embraces Man, Monkeys, and the
Lemurs.

%

Some naturalists have been disposed to separate the Lemuridsm
from the rest of the Primates, on the ground - that some Lemurs
approximate rather closely to the Insectivora, while again the
order Insectivora contains some forms which recall the Lewurs,

But although the Lemuridz are undoubtedly inferior to the
Monkeys, and stand apart from them more widely than do the
Monkeys from Man, most authors now place them in the order
Primates, which is to be divided as follows :—

Anthropides, Man.
Primates gﬂ-imiadze. Old and new world Monkeys,
Lemuridze, Lemurs,

The Lemurs for the most part are found in Madagascar,
and to a less extent on the mainland of Africa and in

BB
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southern Asia. In their dentition, just as in other cha-
racters, they differ somewhat from the true monkeys, though,
on account of there being several very aberrant in form, it is
difticult to give any general account of their dentitions. Most
of them have the upper ineisors very small, and widely
separated from one another ; in the lower jaw these are
antagonised by six long, thin, narrow procumbent teeth,
generally regarded as two pairs of incisors and the lower
canines : in both upper and lower jaw the next tooth is
Jarge and pointed like a canine, but the lower caniniform
tooth bites behind the upper, and therefore is held not to
correspond to it, but to be the first premolar (cf. page 261).
The premolars are compressed from side to side, and are
very sharp : the molars ave armed with long sharp cusps,
which are worn down in old animals,

The upper molars in many lemurs are armed with four
cusps, connected by an « gblique ridge,” (see page 17) like
thiose of man and the anthropoid apes.

There is a very aberrant lemur, the Aye-aye (Cheiromys),
which in its dentition imitates the rodents.

In both upper and lower jaws the incisors form a single
pair of large curved teeth, growing from persistent pulps,
and wearing obliquely so as to constantly preserve a sharp
cutting edge. The enamel is very much less thick, if not
altogether absent, upon the backs of these incisors.

After a considerable interval, which is devoid of teeth,
ilhere follow four upper and three lower tecth, which are
not of persistent growth, but have definite roots, and re-
semble the molars of many omnivorous rodents.

Being a somewhat rare and strictly nocturnal animal,
little is known of its food ; some have believed that it made
use of its rodent incisors to cut away: portions of wood in
order to get at the grubs contained in it, drawing them out
of their hiding place by means of its curiously elongated
{inger, whilst others believe that it gnaws the sugar cane.

But whatever the nature of its food may be, it is certain
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that its scalpriform incisors are put to hard w::‘-rl{, a‘m:l 50
kept worn down, for in a specimen kEp_t for a time in the
Zoological Gardens, which was supplied with saf.'t food,
the incisor teeth grew to an excessive length, and ultimately
caused the animal’s death by the points of its lower ineisors
perforating the palate. The accompanying figure represents
the muzzle of this specimen, and although the upper teeth
have grown to an inordinate length, and have diverged from
one another, will serve to show the rodent-like aspect of its
mouth.

Fig. 165. (1)

Although, functionally, its teeth ave those of a rodent,
yet despxte t]:llb adaptive resemblance, the milk dentztmn

retains certain characters which indicate tlu. lemurine ori-
oin of the creature,

(') Ave-Aye (Cheiromys), which died in the Zoological Gardens, (after Dr.
Murie). The upper incisors, from wi

ant of suflicient use, have grown long,
and diverged from the middle line,

BB 2
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In the upper jaw the milk dentition consists of two
small incisors, a canine, and three molars ; in the lower
jaw of two small incisors and two small molars,

Fig. 166. (1)

The permanent incisors push their way up between the
first and second milk incisors ; at a certain stage all three
are to be seen at once, but the large size of the permanent
incisors causes the speedy loss of the milk incisors.

No known rodent has so many milk teeth, nor indeed
any milk incisors at all ; the aye-aye thus affords an ex-
cellent example of a milk dentition preserving characters
which are lost in the extremely modified adult dentition.

() Upper and lower jaws of Cheiromys. A. Milk dentition, with the
permanent incisors just emerging. i, L Upper and lower permanent in-
cisors. 12, 12. Upper and lower milk incisors. e Milk canines. d1, 42,
d a, d b. Upper and lower milk molars. (Twice natural size.) B. Reduced
fisure of permanent teeth (after Peters).
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The special interest which attaches to the dentition of
Cheiromys has been already alluded to (see page 249); to
briefly recapitulate, it is this : in Madagascar, an isolated
area separated by a wide track of deep sea from other areas,
true rodents are almost absent, but lemurs abundant. = But
one of the lemurine animals which are to be found there has
been so modified that its teeth to all intents and purposes
ave those of a rodent. Yet with all this modification it
retains characters (notably its milk dentition) which are
quite unlike those of true rodents, but which recall the
manuner of its origin from higher lemurine forms.

The true monkeys are divided into two great divisions,
the new world monkeys and the old world monkeys. The
former differ in many respects from the latter; for the
most part they have prehensile tails, and their nostrils are
set somewhat widely apart, whence they are called Platy-
rrivine, or wide-nosed monkeys, and they differ also in their
dental formula, which is—

L) 1 3 3 .
L= ¢ &P 5m -;?:JG.

The little marmoset monkeys have only 32 teeth, but they
agree with the other new world monkeys in having three
premolars on each side, the molars being reduced to two
in number, The upper molars of many new world mon-
keys have the antero-internal and extero-posterior ensps
joined by an oblique ridge (ct. puge 17), a character which
is shared in the old world groups by man and the an-
thropoid apes only.

All the Quadrumana have a well developed milk den-
tition.

Old world or Catarrhine monkeys all have the same
dental formula as man—
| MR

RSN S ST T

As an example the Macaque monkey may be taken. The
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upper and lower incisors, but especially the former, are
directed obliquely forwards, and the lateral incisors are
very much smaller than the centrals, In the upper jaw
o considerable interval separates the incisors from the ca-
nine, which is a very large tooth, somewhat triangular in
section, with a sharp edge directed backwards, and with a
deep groove on its anterior surface.

The upper premolars are implanted by three distinct
roots, as are also the true molars ; the latter are quadui-
cuspid, but lack the oblique ridge.

‘ Fig. 167. (1)
ﬂrﬂl_'. SE;-_,"&_ II-HI-S _!l'uu-j:

The lower canine is a sharp and powerful tooth, though
it is very much smaller than the upper; the first lower
premolar, by its front surface, articulates with the upper
canine, and is of curious form. It is implanted by two
roots, but the anterior root is produced forwards, so that
the antero-posterior extent of the tooth is much increased.

The apex of the cusp of the tooth is almost over the

(*) Upper and lower teeth of a Monkey (Macacus nemestrinus, male). The
length and sharpness of the canines, and the peculiar form of the anterior
jower premolar, contrasts with the aspect of the corresponding teeth in the
Anthropoid Apes or in Man.
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posterior root, and from this point the crown of the tooth
slopes obliquely forwards down to its anterior root. This pe-
culiarity in the form of the first lower premolaris eminently
characteristic of the baboons. There is nothing to note of
the second premolar save that it is implanted by two roots,
like the true molars, which are quadricuspid ; of them the
third is larger than the first two, and is quinguicuspid.

There is considerable difference in the size of the canine
in the two sexes, that of the male being very much the
larger ; this difference does not exist in the deciduous
dentition, in which the canines are relatively small,

The Anthropoid Apes are the Gibbons (Hylobates), the
Chimpanzee (Simia Treglodytes, ov Troglodytes niger), the
Orang (Sumia or Pithecus Satyrus), and the Gorilla (Troglo-
dytes Gortllw).

Upon the whole the gibbons are the lowest, and the go-
rilla the highest of the anthropoid apes, which are all
confined to tropical areas. Thus the gorilla and chimpanzee
are confined to tropical Africa, and the orang is limited to a
part of the Malay archipelago. The gibbons are more
widely distributed cver the Malay archipelago and tropical
Asia. _

Although upon the whole the gorilla approaches most
nearly to man, this can hardly be said to be the case with
its dentition. The jaws are very square, and there is a
large diastema in front of the camine, which in the male
gorilla is of great size and strength, its top descending far
below the level of the alveolar border of the lower jaw
when the mouth is shut.

Nevertheless, though the teeth are coarser and stronger,
there is a general resemblance to those of man,

It has been pointed out by Professor Rolleston that the
canine tooth of the male anthropoid apes is a little later in
coming into place than in the female, Thus in the male
chimpanzee and orang, it is not cut until after the third
molars (wisdom teeth) are in place, whereas in the female
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it follows the second, but precedes the third molars. The
sexual difference in the canine teeth is very well marked in
all the anthropoid apes, and its later eruption in the
males is explicable both upon the ground that, being a
sextial weapon, it is not needed prior to the attainment of
sexual maturity, and also that being of wvery large size
its formation might be expected to take a longer time. No
such difference pertains to the milk dentition, in which the
onrler of eruption is exactly that met with in man.

Dr. Magitet (Bulletin de la Société d’Anthropologie de
Paris, 1869) combats the idea that there is any difference
in the order of the eruption of the permanent teeth be-
tween man and the anthropoid apes, but, while his obser-
vations have been both careful and widely extended, he
lays much stress upon an observation made upon a female
gorilla skull, in which, as has just been mentioned, the
order of suceession is not quite the same as in the male.

F'g. 165. {1)

The dentition of the orang approaches tolerably elosely
to that of man, and the points of resemblance and of

(1) Upper and lower teeth of an Anthropoid Ape (Simia Satyrus, or Orang
rtan). ;
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difference may be fairly well seen in the accompanying
figure, '

The central upper incisors are similar to those of man,
but are larger ; the laterals are, relatively to the centrals,
much smaller, and are very caniniform in shape, both
mner and outer angles of their eutting edge being sloped
off to such an extent that a central pointed cusp remains,
in place of a thin cutting edge. The canines ave strong,
pointed teeth, the cingulum and the ridge joining it with
the apex of the cusp being well marked upon their inner
sides, In the female the upper canine is about half as long
again as any of the other teeth ; in the male it is longer
(see Fig. 168).

The first bicuspid is a little more caniniform than that
of man ; its outer cusp is long and pointed, and a ridge
unites it with the auterior part of the inner cusp, which is
teebly pronounced ; the second is a blunter and broader
tooth. The premolars are implanted by three roots. The
molars are not unlike the human teeth in pattern. !

In the lower jaw the incisors are large and stout ; the
canines sharply pointed, with a well marked cingulum,
and a well marked median ridge on the inner side of the
crown. The first premolar is a shorter, stouter, and
blunter copy of the canine, and can hardly be said to
have an inmer cusp. In the second premolar the inner
cusp is as high as the outer, and the cingulum is ele-
vated both before and behind till it almost forms two ad-
ditional cuss,

Indeed, 1 am not acquainted with any dentition which
exemplifies the transition fiom incisors to canines, from
canines to premolars, and from premolars to true molars,
better than that of the orang,

The lower molars resemble those of man, save that their
surface is marked by that finely wrinkled pattern which ix
common to all the unworn teeth of the orang, One is
struck by the great backward elongation of the Jaws, by
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their squareness, and by the parallelism of the two sides,
which converge slightly at the back, and by the large size
of the teeth in proportion to the bulk of the whole animal.

The large size of the canines being in a measure a sexual

Fig. 170, (3)

Fig. 169. (V)

(1) Skull of a young male Orang. The upper eanine does not nearly

reach to the lower alveolar border,
(#) Skull of adult male Orang, in which the canine is largely developed.

(%) SBide view of skull of an idiot.
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character, is, as is so often the case, not very noticeable in
the young animal : the two accompanying illustrations of
a young and an adult male orang may serve to show this,
as well as sume other differences developed by age.

The differences which serve to distinguish the dentition
of the most anthropomorphic apes from that of man are
mainly these. Relatively to the size of the cranium, and of
the whole creature, the teeth and jaws are very much larger
in all their dimensions ; hence the creatures are progna-
thous, and the facial angle small, even when compared
with the jaws and cranium of an idiot. As might be ex-
pected this difference is not so great in the young as in the
adult animal,

In place of the teeth being arranged in a sweeping curve,
the jaws are squarish, the incisors being arranged in some-
thing approaching to a straight line between the two great
outstanding canines, behind which the premolar and mo-
lar series Tun in straight lines, converging somewhat as
they go backward. Thereisa “diastema”(") or interval in
front of the upper canine, into which the point of the
lower canine passes when the mouth is elosed. Both the
greater squareness of the jaws, and the existence of a dias-
' tema, are direct results of the great size of the canines, and
are consequently not marked in young specimens.

The upper premolars are implanted by three roots, the
lower by two roots, just like the true molars, and the pre-
molars when unworn partake more of the pointed character
than they do in man,

The wisdom teeth present the same pattern of grinding
surface, and are as large, as the other molars, and there is
abundant space for them, so that they play an important
part in mastication. The molar teeth of the apes are also
squarer, their cusps sharper and longer, and the character-
istic patterns more strongly pronounced, than in man,

(1) Something approaching to a r:linstem'ﬂ. is said to have been observed
by Vogt and Broca in early European skulls,
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Fig. 172. ()

(1) Upper teeth of a Caffir, The oblique ridge of the upyer molar is dis-
tinet, not only upon the first and, second, but also npon the third molar
or wisdom tooth, which in this skull has the normal three roots well
marked.

(%) Lower jaw of a Caffir, in wifich the quinquicuspid form of the first
and third molars is well seen, it being somewhat less strongly indicated in

the second molars.
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In passing from the highest of the apes to the lowest
of mankind, there is a sudden change in the character of
the dentition ; but while it cannot but be admitted that
there is a gap, yet the differences are rather of degree than
of kind.

Even in the lowest of human races the facial angle is
greater, that is to say, they are much less ¢ prognathous”
than the apes, and the upper and lower incisors are more
nearly vertical in position, not meeting one another at
such an angle as in the apes.

It is generally said that in man the molars decrease in
size from before backwards ; that is to say, that the first
molar is the largest, while in anthropoid apes“the contrary
1s the case. Though this is on the whole true, it requires
some qualification : thus in certain lower races, such as the
Australian blacks, the second and third molars are not
smaller than the first, and of the chimpanzee the same
thing may be said.

There is no diastema ; no sexual difference in dentition ;
no tooth projecting beyond its fellows, and the tecth are
arranged in an unbroken arch, The.premaxillary bones
become fused with the superior maxillary early in life,
whereas in the Quadrumana they remain distinet.

In general terms it may be said that the dentition of
the lower races of mankind differs from that of the hizher
n the following particulars : the arch is not so rounded,
but is squarer in front ; the teeth are larger, and are djs-
posed with greater regularity ; the wisdom tooth has ample
space to range with the other teeth, and is a characterist; ¢
upper or lower molar, the pattern of its grinding surface
(quadricuspid if it be an upper, quinquicuspid if it he g
lower tooth) and the disposition of its roots corresponding
with the first and second molars, which do not greatly ex-
ceed it in size. Specimens of negro skulls may be found
in which there is scanty room for the wisdom tooth, and
in which consequently it is a little stunted in its develop-
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ment : on the other hand, plenty of well formed and well
placed wisdom teeth may be picked out of European
mouths, though as a rule the wisdom tooth is much smaller
{han the other molars, does not bear the characteristic
pattern of cusps and grooves, has its roots connate,
and it is not very infrequently a mere rudimentary peg.
The stunted development of the wisdom tooth would
seem to be a consequence of want of space during its for-
mative period ; the upper wisdom tooth is especially apt to
be cramped in this way. -

There is some little evidence that the wisdom tooth isin
process of disappearance from the jaws of ecivilised races :
in anthropoid apes the wisdom tooth is nearly or quite as
large as the other molars, and shows no variability, whilst
it comes into place almost simultaneously with the canine :
in the lowest races of mankind the wisdom tooth appears to
vary but little, is of large size, and is never misplaced ;
in highly civilised races it is very variable in size, form,
and in the date of its appearance, is often misplaced, and
is not uncommonly quite rudimentary. It seems to be
a legitimate inference that a further modification of the
race in the same direction will result in the disappearance
of the wisdom tooth altogether.

Nevertheless, for the present, a case in which the wisdom
teeth arve very small can hardly be called a typical well
developed European mouth.

In many low races (Bosjesman, Negro, Australian, New
Caledonian, Caffir) the second lower molar has five cusps,
just like the first : this is so in the anthropoid apes, but in
European races the fifth cusp is generally wanting in the
second lower molar. '

It is not a little interesting thus to find that the differ-
ences which serve to distinguish the teeth of the lowest
savage from those of an European, are very much the same
with those that mark the step from a Quadrumanal to a
Luman dentition, though of course the divergence of the
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dentition of the savage from that of the ape is far greater
than is that of the European from the lowest savage.

It is very possible that the larger development of the
Jaws of the savage may be simply due to the harder work
to which they are put while he is growing up. And after
the attainment of adult proportions, the teeth of such a man
become greatly worn down by reason of the hard and often
aritty nature of his food.

It was pointed out by Mr. Mummery, in a very instructive
paper (Transactions of the Odontological Society, vol. ii.,
new series, 1869), that destructive wearing down of the
teeth was of very common occurrence amongst low races,
while the confrary is true of highly civilised races ; this
was very likely due to the admixture of earth and other
foreign matter with the food. And, furthermore, that the
occurrence of dental irregularities, due to an insufficient size
of the arches, was comparatively speaking unknown AmMong
the ruder races, whilst it has been common amongst peoples
of more luxurious habits for a long period of time.

The range of variation in the size of the jaws of healthy,
otherwise well-developed adults is great : thus the smallest
jaw (oceurring in a man of stout build, above middle hei ght)
with which I am acquainted measures in width only 14
inch, and in length from back to front 13 inch ; whilst
the largest (occurring in a gentleman of lesser stature ; of
Basque extraction, moreover, which makes it the more
striking) (') measures no less than 2} inches in width and
2} inches in length : the width being taken between
the centre of the alveolar horders at the position of the
wisdom teeth, and the length being measured on a line
drawn from the incisors to another line Jjoining the two
wisdom teeth.

On the whole, it must be said that there are fewer

(1) Magitot (Bullet. de la Soc. Anthropol. de Paris, 1869) BAVS i—" Loy

Basques, par exemple, remarquables par la petitesse extréme de leurs
dents,”
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constant differences between the teeth of the various races of
mankind than might have been d priori expected ; in fact,
we may almost say that the teeth of savage man are pretty
much what we should look upon as an exceedingly per-
fectly formed set of teeth if we were to see them in the

mouth of an European,



CHAPTER XIV.

THE TEETH OF MARSUPIALTA.

Tne great sub-class of Marsupials, consisting of animals very

sharply marked off from placental Mammals by many striking pecu-
liavities, and amongst others, by the very helpless condition in which
the feetus is born, was once very widely distributed over the globe.
Now, however, Marsupials are numerous only in Australia, where
-they are almost the sole representatives of the Mammalian class ;
there are a few Marsupials elsewhere, as in America (Opossums)
and New Guinea ; but there are no Marsupials in Europe, most parts
of Asia, and Africa.

The Marsupials of America are all Opossums (Ddelphide), and
this family is not represented in Australia. There is evidence to
indicate that the Marsupials of America have nothing at all to do
with the Australian Marsupials, but were derived from a different
source, at the time when Marsupials abounded all over Europe.

The Marsupials of Australia almost monopolise that country i
thus Mr. Wallace says of it : *“ The Australian region iz broadly
distinguished from all the rest of the globe by the entire abgence
of all the orders of non-aquatic mammalia that abound in the old
world, except two—the Winged Bats (Cliroplera), and the equally
cosmopolite Rodents.  Of these latter, however, only one family is
represented—the Muridee— (comprising the Rats and Mice), and
the Australian representatives of these are all of small or moderate
size—a suggestive fact in appreciating the true character of the
Australian fauna,

““In place of the Quadrumana, Carnivora, and Ungulates, which
abound in endless variety in all the other zoological regions under
equally favourable conditions, Australia possesses two new orders
or sub-classes, Marsupialia and Monotremata, found nowhere else
in the globe, except a single family of the former in America,

* The Marsupials are wonderfully developed in Australia, where
they exist in the most diversified forms, adaptel to different modes

¢ 0
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of life. Some are carnivorous, some herbivorous, some arboreal,
others terrestrial, There are insect-eaters, root-gnawers, fruit-
eaters, honey-eaters, leaf or grass-feeders.

¢ Qome rosemble wolves, others marmots, weasels, squirrels, flying
squirrels, dormice, or jerboas.

¢¢ Phey are classed in six distinet families, comprising about thirty
genera, and.subserve most of the purposes in the economy of nature
fulfilled in other parts of the world by very different groups; yet
they all possess the common peculiarities of structure and habits
which show that they are members of one stock, and have no real
affinity with the old-world forms, which they often ontwardly
resemble.”— ** Geographical Distribution of Animals,” p. 391.

What Mr. Wallace says, speaking of the creatures in
their entirety, is equally applicable to their teeth.

In Australia, the present home of the Marsupials, repre-
sentative species abound ; that is to say, widely different
though the animals really are, there are many genera and
species which have the habits of, and, as it were, fill the
place of such creatures as the Carnivora and Insectivora
and Rodents amongst the placental mammals. And not
only do they possess something of their habits and external
configuration, but in those characteristic structures which
are subservient to the creature’s immediate wants, the mar-
supial representatives closely mimic the more highly orga-
nised placental mammals. Thus the teeth of an insect-
eating marsupial very closely resemble those of a true
[nsectivore, though retaining certain eminently marsupial
characters ; in the same way the dentition of the marsupial
Thylacine mimics that of a dog (see page 389).

And although marsupial dentitions do vary very much,
yet there are many transitional forms by which we are able
to trace the successive modifications through which ex-
treme divergence has been ultimately attained.

Just as we ascribe to placental mammals the formula—

12 = p S
S il 4 3
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as the typical or parent dental formula, so to the Marsu-
pials we must aseribe the following—

£ O AR 3 4
R D O

That is to say, though the total number of teeth is the
same, the marsupial has only three premolars and has four
true molars. The premolars (false molars) differ from the
true molars in the greater simplicity of their crowns, just
as in most placental mammals ; but, although, looking at
the complete adult dentitions, no hesitation would be felt
in classing the teeth under the heads of premolars and true
molars, yet there is a curious anomaly in the succession of
the teeth which applies to the whole of the sub-class Mar-
supialia, and to some extent invalidates the definition of
“premolar ” as applied to their teeth. Only one of the
premolars (the hindmost) has vertically displaced a milk
tooth ; indeed, the whole milk dentition of marsupials con-
sists of four milk molars (one on each side of each Jaw),
there being no milk ineisors nor canines in any known
marsupial, It is further pointed out by Professor Flower,
who was the first to fully describe these peculiarities
in the succession of marsupial teeth (Phil. Trans., 1867),
that the extent to which the solitary milk molar is
developed varies much in the different families ; no trace
of any sueccession has been observed in the Wombat ; in
the Thylacine (a dog-like creature) the small milk molar is
calcified, but is absorbed or shed prior to any other teeth bein g
erupted, whilst in the Kangaroos it is retained till a much
later period (see page 395), and in the Kangaroo Rat (Huyp-
siprymnus) the milk molar has not yet given place to its
successor at the time when the last permanent molar has
come into place, so that it for a long time ranges with the
other teeth and does work, In the chapter relating to the
structure of the teeth, the fact, first established by my
father, that the enamel is penetrated for a considerable dis-

o2
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Fig. 174 ()

(*) Enamel and dentine of a Kangaroo (Macropus major.

The dentinal tubes in the dentine (A) are furnished with numerous short
branches ; at the line of juncture with the enamel they are dilated, and a
little bent out of their course, while beyond the dilatation they pass on
through about two-thirds of the thickness of the enamel in a straight course
and without branches. Only a part of the whole thickness of the enamel
is shown in the figure. B Enamel renetrated by the tubes. C Individual

dentinal tube.
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tance by large numbers of dentinal tubes, has already been
noted. The wombat is the only marsupial known in
which this peculiarity does not obtain,

There exists one genus of flesh-eating marsupials whose
feroeity is such as to have gained for them the names of wolf

Fig. 175. (1)

() Upper aud lower teeth of the Thylacine,. The rudimentary milk
molar, which is absorbed before birth, has been placed over the third or
last of the premolars, which succeeds to it vertically.

(*) Upper and lower teeth of a Dog, which are placed side by side with

those of the Thylacine to show the many points of resemblance between the
two dentitions,
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and tiger, while the resemblance of the head to that of a dog
has given origin to the popular name of “dog-headed
opossums.”?

The resemblance to the dog is in dentition even more
close than in external form : whilst retaining certain mar-
supial attributes, the teeth of the Thylacine are, so far as
their working capabilities go, almost exactly like those of
the dog. 'The dental formula is—

iiclpﬁmi
i ] 3 4

The incisors are small, close set, and sharp edged, the
outermost being somewhat caniniform. The canines are
stout, pointed teeth, not quite so long relatively as those
of a dog, The premolars are conical teeth, implanted by
two roots, and very similar to those of the dog ; they are
followed in the upper jaw by four molars, increasing in
size from the first to the third, but the last true molar
is again a smaller tooth,

The upper molars are all of the “carnassial” pattern ;
there is a “blade” elevated into subsidiary cusps, and
internally to this a “tubercle,” supported by a third root.

The lower molars also bear some resemblance to the
carnassial teeth of the dog, consisting of a strong, sharp-
edged blade, with anterior and posterior subsidiary cusps,
the latter being somewhat broad and tubercular.

An allied animal (Dasyurus wrsinus), though smaller
than the Thylacine, and having teeth of a less sectorial
character, is so destructive to sheep, and so fierce and un-
tamable, that it has earned the name of “ Tasmanian Devil.”

Within the limits of the same genus, a species (Dasyurus
viverrinus) is to be found in which the molar teeth are
studded over with long sharp cusps, like the teeth of
Insectivora, a group which it resembles both in its habits
and food.

L Tt has of course no real relationship to the true opossmns, which are
not found in Australia.
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A number of smaller Marsupials approximate in their
dentition more or less to the Insectivorous type, whilst a
tolerably complete chain of existing forms serves to bridge
over the gap between the rapacious Dasyuride and the
herbivorous Kangaroos and Wombats.

Amongst the Opossums the larger species have large
canines, and a dentition in its general features approxi-
mating to the Dasyuridee; they feed upon birds and
small mammals, as well as vpon reptiles and insects, while
the smaller species are more purely insectivorous.

Miyprmecolius, a small Australian Marsupial of insectivo-
rous habits and dentition, is remarkable as having teeth in
excess of the number of the typical mammalian dentition,

having
1 s C 1 P E m @
3 1 3 §

In the Phalangers, nocturnal arboreal animals found in
Australia and a part of the Malay Archipelago, the canines,
though present, are feeble ; an interspace also separates the
incisors from the molar series.

The lower incisors, reduced to a single pair, are procum-
bent, and grow from persistent pulps ; and a slight exagge-
ration of the peculiarities of the dentition of the Phalangers
brings us to that of the Kangaroo Rats,

The name ¢ Kangaroo Rats” (Hypsiprymnus) is ap-
plied to a genus consisting of abouta dozen species ; they
are all small creatures, not much larger than rabbits, but
having the general proportions of kangaroos. They are
quiet, gentle little creatures, of strietly herbivorous habits,
and they are interesting to the odontologist as possessing a
dentition which throws some light upon several anomalons
extinet forms, whose habits and aftinities have been the
subject of much controversy.,

The dental formula is

. 1! 4
1 = = "
e

— =
W



392 A MANUAL OF DENTAL ANATOMY.

The first pair of upper incisors are sharply pointed, are
directed nearly vertically downwards, and grow from per-
sistent pulps, The second and third do not grow from
persistent pulps, and their worn crowns do not attain to the
same level as those of the first pair.

All three pairs are antagonised by the single pair of large
procumbent lower ineisors, of which the sharp points meet
the first pair of upper incisors, while the obliquely-worn
surface Dbehind the cufting edges impinges against the
second and third upper incisors.

The arrangement of the incisors, and the sharpness of
their cutting edges, are calculated to effect the same ohjects
as those attained by the incisors of a rodent ; a still closer
resemblance would be brought about by the dwindling

Fig. 177. (1)

(which occurs in other genera) and final disappearance of
the second and third upper inecisors, and a compensating
extra development of the first pair.

The canines are not large ; yet they are not so small as

(1) Upper and lower teeth of Hypsiprymnus (Bettongia) (Graii 7). The
dentition represented is that of the adult animal, the permanent premolar
(pmn 3) being already in place.
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to be termed rudimentary; in the lower jaw they are
absent. :

Only one premolar exists in the adult, and this is a very
peculiar tooth ; its erown is very long from back to front
(at least twice as long as any of the molars, and in some
species as long as three of the molars), and consists of a finely
furrowed blade with a sharp edge ; the blades of the upper
and lower teeth slide over one another. Behind this there
are four true molars, with square quadricuspid ecrowns,
which become much worn down by use.

The third premolar, the tooth to which attention has
already been drawn on account of its size and other pecu-
liarities, by virtue of its great size displaces not only the milk
molar, to which it is the legitimate snceessor, but also turns
~out the second premolar, a tooth belonging to the *per-
manent” series.

In this particular the succession of the teeth in the
Hypsiprymnus is the same as that of the true kangaroos,
which may be understood by a reference to fig. 178.

There are two extinet Marsupials, known only by their
jaws, which have been the subject of much controversy.
- Professor Owen, basing his arguments largely upon the
presence of premolars which possessed elongated and sharp-
edged blades, held that Plagiculaz and Thylacoleo were
carnivorous, saying of the latter that it possessed the sim-
plest and most effective dental machinery for predatory life
known among Mammalia ; Dr. Falconer, in the case of the
first, and Professor Flower in the case of the Thylacoleo,
having shown this view to be untenable, or at least un-
supported by adequate evidence.

The clue to the nature of the great blade-shaped teeth of
these two extinct creatures is afforded by the form of the
premolar of the herbivorous Hypsiprymnus (see fig. 177).
The incisors were reduced in number and were large ; the
teeth between them and the laree premolar were stunted :
hut both these points are true of the herbivorous kangaroos.
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The Thylacoleo differs, however, from all known animals by
the immense size of the thin-edged premolar (worn flat in
agzed animals), and by the rudimentary condition of its true
molars. But its incisors, lying forwards and closely ap-
proximated in the middle line, are particularly unsuitable
for catching and holding anything alive and strmggling,
whilst the 1earest resemblance to the blade-shaped tooth is
to be found in harmless herbivorous creatures, so that the
balance of evidence is much against Professor Owen’s view.
1t has been cited here as an instance of how the evidence
afforded by teeth alone may be misinterpreted even by
observers of the utmost experience.

The Kangaroos, comprising many species of very varying
size, are all docile creatures (with the exception of a few old
males), of herbivorous habits ; they in some particulars,
recall the raminants,

Their dental formula is

b P 1o =

1 0 1 4
The three pairs of upper incisors are more equal in size
than in the Hypsiprymnus, and the central pair do not
orow from persistent pulps. The lower incisors are very
peculiar teeth : they grow from persistent pulps, are pro-
cumbent, projecting forwards almost horizontally, and are
very much flattened from side to side, their outer surfaces
being but slightly convex, and their inner surfaces flat,
with a median ridge. Their margins ave almost sharp.
There iz an unusual amount of mobility between the two
halves of the lower jaw, so that these two teeth can be to a

slight extent separated from one another,

The upper canine is often present as a very minute
rudiment, but in no kangaroo does it attain to a greater
size. “

The dentition of the Kangaroo is somewhat perplexing
to the student, for two reasons; the one, that the last or
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third permanent premolar not only displaces the solitary
milk molar, but also, asin Hypsiprymnus, on account of its
areater size, the secend permanent premolar, which was in

Fig, 178. (1)

front of the milk molar ; and, besides this, in animals past
adult age, teeth are shed off from the front of the molar

series till at last only the last two true molars on each side
Temain.

Thus the dentition of the Kangaroo at successive ages
may be thus represented :

. 3 0 1 1 4
= 3 = = e
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or, in all, six molar teeth. Then the third premolar dis-

places a true permanent premolar as well as the milk
molar, and we have
3 4

1= = 0 1{anew one) m
1 S0t 3’

or, in all, only five molar teeth.

() Upper and lower teeth of Halmaturus uwalabatus. The permanent
premolar is not yet erupted, and is shown in its erypt; when it comes into
its place it will displace the milk molar, and one of the anterior premolars
as well. In the upper jaw a rudimentary canine is shown., The point of
the lower ineisor would fit, in closure of the mouth, behind the long
anterior upper incisor, but the width of the page did not admit of the
teeth being placed in their true relative positions without reduction in size,
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Then, one after another, teeth are shed off from the front
of the molar series, just as in the Phacocherus (see page

304), till all that is left is

b 0 2

iic P Ll 5

The milk molar of the kangaroo is a fully-developed
tooth, which takes its place with the other teeth, and is not
distinguished from them by any special characters, so that
mere inspection of the jaw of a young Kangaroo having
it in place, at the same time with a premolar in front of it
and four true molars behind it, would not lead an observer
to suspect its real nature.

No existing creature serves to conneet the Kangaroos
closely with the Wombat, but the extinct Diprofodon appears
to have in a measure bridged across the gap.

The Wombats (Phascolomys) are heavily-built, inoffensive
creatures, which burrow in the ground and subsist largely
upon roots. In their dentition they closely simulate the
Rodents, as they possess but a single pair of chisel-edged
ineisors in either jaw, growing from persistent pulps, and
embedded in very deep and eurved sockets, They differ from
the corresponding * dentes scalprarii”of true Rodents in that
there is a complete investment of cement, which passes over
the enamel in front of the tooth as well as covering its back
and sides. They are unlike the teeth of other Marsupials
in their structure, as the dentinal tubes do not penetrate
the enamel, which is therefore, probably, harder and denser
and so less readily worn away.

The molar teeth also grow from persistent pulps, and
are very deeply grooved upon their sides, so that their grind-
ing surfaces are uneven,

Their dental formula is,

.1 . 1
1-11,'.{-}13-11114.
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The first tooth of the molar series is a single column,
whereas the deep grooving of the others divides them into
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two columns, so that its simpler appearance, as well as
analogy, would indicate that it is a premolar. But no
succession whatever has been observed in the Wombats.

The adaptive resemblance to the dentition of the true
Rodents is exceedingly close, though the Wombat is an
undoubted Marsupial ; and the very closeness of the imita-
tion is an exemplification of the fact that adaptive charac-
ters are very apt to mislead, if used for the purposes of
classification. <

Extinct Wombats, of very much larger size than the
recent species, are found in the later tertiary deposits of
Australia.

Fig. 179. (1)

Amongst the Marsupials there is a pretty little arboreal
creature (Tarsipes) not larger than a small rat, which sub-
sists upon insects and the nectar of flowers, which it reaches
by means of a long protrusible tongue. Its molar teeth are
rudimentary, variable in number, and are soon shed ; the
lower incisors, which are procumbent, are however re-
tained, as are a few small teeth which are opposed to them
above.

(') Upper and lower teeth of Wombat (Phaseolomys wombat),
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The wonderful diversity of the forms into which the
Marsupials have branched out in Australia seems to prove
that they have been established in that region, and have
been without the competition of more highly organised
placental Mammals, for a prodigious length of time ; and
ome cannot better conclude the very brief survey of the
teeth of Mammalia which has been attempted in this
volume than by calling the reader’s attention to the cha-
racter of the Marsupial fauna : this microcosm, in which
every place is filled by a Marsupial that mimics the
placental Mammal which 1t represents, for nowhere can
we more plainly see the workings of natural selection
than in areas thus isolated and deprived of immigrant
creatures for countless ages.

In the foregoing pages much stress has been laid upon
the variability of animals, and the agencies by means of
which the variations have been preserved and intensified,
so to speak, so that ultimately permanent hereditary modi-
fications have been the result ; and it is possible that in
laying this aspect of the matter prominently before the
reader, an impression of too great instability may have been
conveyed ; and thus the forms of creatures made to appear
more plastic and more shifting than they really are, for it
is hardly possible to realize the enormous lengths of time
during which the agencies bave been at work, and without
which they would have been powerless to produce profound
alterations,

The process which we term inheritance, is constantly
reproducing animals which are minute copies of their
parents ; copies which are even more exact than we can at
first sight realise.

Thus, even amongst different species of the same genus,
whose teeth are -apparently quite similar so far as their
number and pattern go, differences exist which are con-
stant for the species, and which may be brought into pro-
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minence by any method of investigation which is suffi-
ciently accurate,

A plan of representing in the form of diagrams certain
of the characteristics of an animal’s dentition, by means
of which differences so slight as to be barely recognisable
by an inspection of the teeth are brought conspicuously
into view, has been devised by Mr. Busk (Proc. Roy. Soc.
1870). To construct one of these diagrams or *‘odonto-
grams ” of an animal’s teeth, a vertical line must first be
drawn, and proceeding from one side of this, parallel equi-
distant horizontal lines, corresponding in number to the
premolar and molar teeth which are present on one side of
the jaw. The length and the breadth of the first of the pre-
molars having been measured with sharp-pointed callipers,
are dotted down upon the uppermost of the horizontal
lines, one leg of the callipers being in each case placed
upon the intersection of the horizontal and vertical lines :
dimensions taken from the second tooth are similarly
dotted upon the second horizontal line, and so on until all
the teeth have been thus represented,

Then the dots which indicate breadths are all to be
joined by straight lines, and also those which indicate
lengths ; dark shading is put in over the space included
between the vertical line and the lines joining the
dots representing breadths, and lighter shading over the
area included between them and the dots indicative of
lengths of teeth. It is most convenient to draw them to
scale and to dot them in upon paper ruled with fine lines
at a definite distance ; by this means a record of the
absolute size, as well as of the relative dimensions of the
several teeth,is kept. There would be no practical diffi-
culty in extending the diagram to the canine and incisor
teeth, but Mr. Busk has found that in practice the results
are Dbrought out with sufficient clearness by including
molar and promolar teeth only; of course each diagram
represents the dimensions of the teeth of one jaw only,
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If odontograms of varions Felide be constructed, differ-
ences between them will be apparent at a glance, although
the forms of the several teeth in this family are so very
closely similar, that nothing but the very closest observa-
‘tion would have detected the smallest difference between
them.

As Mr. Busk points out, the facts brought out by one of
these diagrams would require a large amount of tedious
description were they to be conveyed in words, and thus
the odontograms will facilitate comparisons, while, so far as
he has applied them, he finds that the figures obtained are
in almost all cases characteristic of the genus or family, and
will generally serve to determine the species.

Amongst the examples which Mr. Busk gives of the
applicability of this method, are thoseof a fossil fox from
the Siwalik Hills, and of the recent Canis bengalensis, sup-
posed on other grounds to be a desecendant of the fox; the
close identity of the figures shows how little the teeth have
Leen modified in the ages which have elapsed since the
miocene period.

The method has also been made use of with excellent
results in investigating the teeth found in fossiliferous
caves, and determining the differences between them and
the teeth of existing allied animals,
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