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PREFACE TO THE SEVENTH EDITION.

e ——

TrE present edition of Mr. C. S. Tomes’ well-known Manual
has been to some extent re-arranged. As the author has
pointed out in the preface to the previous edition, the require-
ments of the Student of General Zoology are not
identical with those of the medical and dental student. The
accumulation of new observations tends to accentuate this
difference. It is on this account that the re-arrangement of
the subject-matter has been made.

In Part I. the facts dealt with are sueh as are of more
inmediate value to the dental or medical student; while
Part IL contains that which i1s of greater importance to the
Student of Comparative Anatomy.

An attempt has been made to mcorporate in the volume
the results of recent research, a very difficult task to accom-
plish fully, owing to the number of and rapidity with which
new facts in almost every branch of the subject are being
constantly brought to light.

The references to the literature have been considerably
amplified in the hope of rendering the work of identification
simpler.

As this edition is brought out under joint editorship it is
but right that the measure of responsibility should be some-
what defined; while Part I. is the work of both Editors,
the responsibility for Part II., as well as the re-arrangement
of the subject-matter, rests solely upon one (H. W. M. T.).



iv PREFACE TO THE SEVENTH EDITION.

That part of the last chapter dealing with the teeth of pre-
historic man, has been written by the author himself. To
him we desire to offer our grateful thanks for so generously
allowing us an entirely free hand to deal with the book as
seemed best. We also wish to acknowledge our gratitude fo
Professor Fawcett of British University for kindly writing a
résumié of his recent researches upon the development of the
human jaws.

To various authors and publishers our thanks are due for
permission to include numerous illustrations ; and lastly, we
wish to express indebtedness to Mr. T. H. E. Winston,
Asgistant in the Library of the Royal Society of Medicine
(now Librarian at Guy’s Hospital) for his invaluable agsistance
in tracing and verifying all the references to the literature,
and to Miss Mary L. Hett, Demonstrator of Zoology, Bedford
College (University of London), for her kindly help in the
preparation of the Index.

H. W. MARETT TIMS.
A. HOPEWELL-SMITH.

LoNDox.



PREFACE TO THE SIXTH EDITION.

S C—

Tae accumulation of a somewhat voluminous literature,
much of which, while falling short of carrying complete
convietion, yet tends to unsettle the ideas hitherto prevalent
upon such points as the methods of evolution and the
homologies of the teeth, renders the task of presenting in
small compass any general view of the subject one of ever-
increasing difficulty.

In endeavouring to give an outline of the more important
facts of Odontology and of the theories based thereor, I have
hoped that this book may serve as an infroduction to a more
extended study of the subjeet, but a difficulty has arisen in
the choice of the matter to be included, for that which will
satisfy the gemeral student of biology will be somewhat in
excess of the requirements of the medical or dental student.
References could not of course be entirely omitted from a
work of the kind, though at the same time it is not desirable
to burden a texft-book with too many; it has been my
endeavour, not, I fear, always consistently carried out, fo give
references only to such works and papers as either form the
authority for accepted views, or deal with subjects which are
the ground of debate at the present time, and are distinetly
unsettled. In places it has appeared to me to be better to err
on the side of repetition than to be constantly referring the
reader to another page, more especially as the book may be
referred to by those who do not read it through.
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A

MANUAL OF DENTAL ANATOMY

HUMAN AND COMPARATIVE.

INTRODUCTION.

Tue 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 i, 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 entrance
of the alimentary canal, i.c.,, the mouth. By these hard
masses, sometimes of a bony and sometimes of a horny nature,
various offices in connection with the prehension or com-
minution of food are performed, and to them the term
“teeth ” 1s applied. Whilst, however, in some animals these
functions are performed by corneous structures throughout life,
recent researches have shown that these may sometimes at
first underlie and subsequently replace true calcified teeth,
as in  Ornithorlyncus, in other cases horny plates overlie
and bury rudimentary ecalcified teeth. In many animals,
teeth have come to be used for purposes other than those of
nutrition, such as for sexual warfare; but it can hardly
be doubted that true teeth primarily had to do with the
nourishment of their possessor.

The subject of the homologies of the teeth cannot be fully
entered upon until the details of their development have
been mastered ; still, a few words may even at the outset be
devoted to the elucidation of their real nature.

The mucous membrane which lines the alimentary canal

D.A. 1
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2 A MANUAL OF DENTAL ANATOMY.

is continuous with the external skin, with which it blends af
the lips. Now, if a young dog-fish just about to be hatched,
be examined, it will be found that it has no distinet posterior
lip, but that its skin turns in over the rounded jaw without
interruption. The skin outside carries spines (dermal denticles,
placoid scales),* and these spines are continued over fhat
part of it which enters the mouth and bends over the jaws,
being slightly larger in this latter position.

It may occur to the reader that it is a remarkable thing that the skin
and its associated structures should be found in the mouth at all, but a
very easy explanation is afforded by the facts of embryology. At the
stage immediately prior to the appearance of the embryo, the egg is
enveloped by cells which are differentiated into two layers. In the
neighbourhood where the embryo is about to appear, a third layer
becomes separated off and placed between the other two. The origin of
this third layer varies in different animals. In dwmphioxws, for example,
it 15 derived entirely fromn the inner layer.

The most superficial of the three layers is called the epiblast, the
internal one the hypoblast, and the middle one the mesoblast.

From the epiblast are ultimately formed the enamel of the tecth,
the epithelium of the mouth (with the exception of that which covers
the tongue and the back part of the floor of the mouth); the lining of the
anus, the skin and its appendages, hair and nails, ete., the epithelinm
of skin, glands, and a variety of other structures, such as the nerveus
system. -

From the mesoblast are derived the dentine and cementum, the
skeleton, and all the connective tissnes of the body, the musecular
system, ete., efe.

I'rom the hypoblast are formed the epithelium of the whole alimentary
canal, from the back of the mouth as far as the anus, and the other
internal epithelia of various organs derived from the alimentary
canal, such as the lungs, liver and pancreas.

Now, as the embryo begins to take definite shape, that part which in
the future will become the intestinal tract has for some time a widely open
communication on its ventral surface into the general interior cavity of
the egg or yolk sac, but the embryo grows forwards and backwards in
such a way as to form a blind pouch at either end, the one in front and
the other behind, which are thus still in communication with the cavity
of the yolk. Were this state of things to be perpetuated while the
alimentary canal becomes gradually pinched off and finally closed from
the yolk sac, there would be neither mouth nor anus, and the intestine

+* “The placoid seale has the structure of dentine; is covered by enamel,
and is continued at its base into a plate formed of osseous tissue.,” Gegenbaur’s
“ Comparative Anatomy,” translated by F. Jeffery Bell, p. 424. (The term
“ Dermal denticle” is therefore preferable to that of * Placoid scale,” since it
better expresses both the structure and position of the spine.—EDs.)
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would terminate in blind extremities near either end of the embryo. At
the hinder end this sometimes bappens, and the result is that the animal
is born with an imperforate anus.

At this stage the parts are named the foregut (the blind anterior
end), the midgut, and the hindgut. The mouth i1s formed later by an
invagination of the epiblast from the surface, so as to make a pouch
(stomodeeum) reaching down to the foregut, but it is still some time before
the septum between them breaks down. The anus is formed in a similar
way, the invagination ( proctodenm) being much shallower and oceurring
at a later date. >

Thus we have in what i1s to be the mouth, a portion of the actual
exterior or future skin of the embryo earried in, and so it ceases to be a
matter for surprise that we should find in the mouth skin structures, viz.,
dermal denticles,

It is, however, pointed out by Dr. Wortman (%), on the authority of
Mr. Ryder, that the teeth of those fish which have teeth upon the gill
arches and pharyngeal bones, lie beyond the limits of the invaginated
integument, and are therefore of hypoblastic derivation. He goes on to
add that, if this be true (which is not certain), the generalisation that
all teeth are modified dermal spines would be incorrect. Tt might be,
however, an example in which identical structures have been produced in
a similar manner from tissues of different origin, and in all probability be
attributable to the same cause, viz., repeated stimulation of a particular
point, which eventually gave rise to a caleified papilla.

The more probable explanation of the origin of teeth in these positions
is that they are derived from lateral invaginations of the epiblast,
gimilar in character to the .anterior stomodwim. These invaginations
meet with lateral evaginations from the walls of the foregut. The
bilaminar membrane separating the cavities of these epiblastic and
hypoblastic pouches ultimately ruptures, thus giving rise to the
pharyngeal gill slits, which are consequently formed in a manner
comparable with that of the mouth. Likewise, the origin of the teeth
upon the gill arches will be the same as of those situated in the mouth.*

If the growth of the dog-fish be followed, those spines of the
skin which cover the jaws become developed to a greater size
than those outside. A groove, without spines, appears between
the jaw and the lip, and the identity and continuity of the two
become to some extent masked. No one ean doubf, 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

* The arrangement of the pharyngeal teeth and the degree to which they
are developed vary greatly. Many of these have been described by Colonel

Shepherd in a series of papers which have recently appeared in the Zoologist, —
EDs.
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: A MANUAL OF DENTAL ANATOMY.

of the shark are nothing more than highly developed spines of
the skin, and therefore it is inferred 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
distinet from the internal bony skeleton of the animal. The
teeth of the shark and of many other creatures are not only
developed, but always remain imbedded in tongh mucous
membrane, and never acquire any connection with the
underlying bone. Indeed, all teeth alike are developed from a
part of the mucous membrane, and any connection whieh they
may ultimately get with the bone is a secondary matter. As
has been well expressed by Dr. Harrison Allen (U), “if the
hairs of the scalp were to be inserted into the skull, or of the
moustache into the upper jaw, we should express great
astonishment, yet such an extreme proposition is no more
remarkable than what is seen to take place in the jaws;”
again, “the feathers of certain birds making impressions on
the radius, the whalebone pendent from the roof of the
mouth, are examples of this same association of tegumentary
appendages with the bones.”

To these examples may be added the horny plates of the
Owrnithorliyneus, which are pure hardenings of the stratum
cornenm of the oral epithelium, but nevertheless have definite
beds provided for them on the bones.

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. Indeed,
if we take the spines of the skin where, as happens in many
eartilaginous fish, some are developed to an especially large
size for protective purposes, we shall often find them abso-
lutely indistinguishable from teeth upon the jaws, so far as
minute structure and general form go, though they may
perhaps exceed the teeth in size.

Nickerson (*) has minutely investigated the development of the scales
of Lepidostens, which, at all events at an early period, carry upon them
small spines. He regards these spines alone as perhaps homologous,
with the seales of the shark, the whole scale of Lepidostens then repre-
senting the fusion of a number of placoid scales and consisting, with
the exception of these little spines, of their basal portions only. Some-

what similar conclusions have been armved at by O. Hertwig (?) for
the Ganoid scale; and by Marett Tims (*) for the scales of the

Gadide.
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In many fish, the teeth in some eases more specialised than
those of the shark, are seattered over almost every one of the
numerous bones which form part of the walls of the mouth
and pharynx. In.the amphibia the teeth are more restricted
in position, being found only upon the jaws and in connection
with the vomers. Inreptiles they are even more restricted,
whilst in mammals they are absolutely confined to the
premaxillary, maxillary, and mandibular bones. In fish
and reptiles it is the exception for the teeth in different
parts of the mouth to differ markedly from each other; in
mammals it is the rule.

Most teeth owe their hardness to an impregnation with
salts of lime; the organic matrix may, however, be of a
proteoid substance, keratin, in which case the tooth is of horny
consistence, and is spoken of as “ cornified ;” or the matrix
may be, like that of bone, gelatigenous (that is to say, not gela-
tine, but collagen, the anhydride of gelatine which passes into
gelatine after prolonged boiling), in which case the tooth is more
richly impregnated with salts, and 1s spoken of as “ calcified.”

Horny teeth, so far as they have been investigated, consist
of aggregations of cells of the stratum corneum of the oral
epithelium, and they are penetrated on their under side by
the papille, whose enormously exaggerated epithelial coats
have built them up.

The great mass of a caleified tooth is usually 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 added enamel and cementum.

The simplest teeth are hollow cones, and have no roots;
they are calcifications of papillee, and, as has already been
mentioned, are sometimes practically identical in structure
and form with similar spines upon the skin.

As these simple teeth are generally very numerous, it has
oceurred to some morphologists that multicuspid teeth have
originated by the coalescence of several simple cones, each
cusp thus being the representative of an original separate
tooth. But there is a good deal to be said against the accept-
ance of such a view; the question can, however, be better
discussed at a subsequent page. It will suffice to say here
that it is much more probable that additional cusps arise by
some proeesg of evolution.
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It is thus usual to speak of horny and calcified teeth ; but
the development of the former is less fully known, and appears
to vary in different cases. Hence it is impossible to determine
the exact relation in which they really stand to caleified teeth.

Before proceeding to consider the strueture and comparative
anatomy of teeth in detail, it may be well now to give a
description of the human teeth, as being the more familiar.
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PART L

—
CHAPTER L
THE TEETH OF MAN.

The Parts of a Tooth.—For the purpose of description
the three external parts of a tooth are distinguished by name,
viz., the erown, neck, and root.

This disfinetion is made in deseribing human teeth, and is
applicable to the great majority of mammalian teeth, though
there are some forms in which no such differentiation of parts
can be seen.

The erown is that portion which is exposed above the
borders of the gum, and is in human teeth coated with
enamel ; the necl 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.

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

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

The lips, cheeks, tongue, and the median line of the mouth,
however, are not open to this objection, so the surfaces which
are directed outward towards the lips, or cheeks, are called
““labial,” or “external,” and those inwards towards the tongue



8 A MANUAL OF DENTAL ANATOMY.

“lingual,” “ palatal,” ¢ vestibular,” or “internal.” The inter-
stitial surfaces are named * proximal ” and “ distal.” *

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

The Upper Incisors.—The first incisors are very much
larger than the second, and, viewed either from the back or
front, taper with some regularity from the cutting edge to the
apex of the root, the neck not being marked by any strong
constrietion. The erown of the tooth, as seen from the front,

A B
Fic. 1.—Front and side view of a left upper first incisor. A. Labial
surface, DB, Distal surface. &, Neck, e Root.

is somewhat square or, more strictly oblong, its length being
greater than its breadth.

The distal (median) side, by which it is in contact with its
fellow, is a little longer than the proximal, so that the distal
angle of the erown is a little lower and, as a necessary conse-
quence, a little more acute than the proximal angle of the
cutting edge. Near to its base the crown narrows rather
abruptly, so that at the neck a space is left between the

contiguous teeth.

* The terms “mesial™ and “distal,” which are in general use clinically,
are used in relation to the middle line of the mouth, but the terms * proximal ”
and * distal " are here suggested in reference to the articular ends of the jaws,
as being more in accordance with anatomical nsaze —EDs,

1 The terms * first incisor” and “ second incisor ™" are habitually employed to
denote the human ineigors from the clinical point of view, but this nomenclature
is open to the objection that it is by no means certain that these teeth are the
homologues of the first and second incisors of other mammals, It is also more
correct to use the term * premolar ™ instead of * bicuspid™ and * first, second
and third molars " in place of ** six-year old, twelve-year old, and wisdom tooth

respectively.—EDS.
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The labial surface is slightly econvex in each direction, and
often presents two extremely shallow longitudinal depressions,
which end at the cutting edge in slight notches, though in
well-formed typical feeth these grooves are not distinguishable.

In recently erupted teeth the thin cutting edge presents
three slight tubercles, which soon wear down and disappear
apparently by use.

The edge of an incisor may be regarded as formed by the
bevelling off of the dentine of the lingual surface, which is
nearly flat from side to side, with a slight tendency to con-
cavity, while from above downwards it is distinetly concave,
and is often marked by longitudinal depressions similar to
those on the labial surface. The lingual surface towards the
gingival margin terminates in a distinet prominence, often-
times amounting to a bounding ring of enamel, termed the
basal ridge, or, in the language of comparative anatomy, the
cingulum. It is variable in the extent of its development; if
rarely rises into a central prominence at the back, but in the
angle where the ridges of the two sides meet, a deep pit is
sometimes left in the enamel, though this must be regarded
as a departure from the normal. It is a favourite site for
caries. The crown terminates on the lingual and labial aspects
of the tooth in a eurved line, the convexity of the curve being
directed towards the gum ; on both median and distal surfaces
the curve is less regular, and its confour would be more
correctly deseribed as V-shaped, the apex of the V being
towards the crown of the tooth and away from the gum.

The transverse indentations of the enamel seen both on the
lingual and labial surfaces, though more especially on the latter,
are marks of arrest of development, and, common as they are,
are to be regarded as abnormalities.

The first incisors are larger than the second, though not
in so great degree in man as is the case in the anthropoid apes.

The pulp cavity bears a general resemblance to the external
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 if is eylindrical, and it is also cylindrical
in the root, tapering gradually till it approaches the apex,
when 1t becomes suddenly constricted.

Upper Second Incisors are in every dimension slightly
smaller than those just deseribed. They widen somewhat
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abruptly near to the cutting edge, but below this they taper
fairly regularly to the end of the root. The labial surface is
convex in each direction, while the lingual surface is perhaps
rather flatter than that of the first ineisor.

The outer angle of the erown is far more rounded or sloped
away than in the first, and the proximal surface, turned
towards the canine, is in a slight degree convex. The median
surface may be slightly concave.

The enamel terminates towards the gum in contours precisely
similar to those which are found in the other incisors; but
the basal ridge, or cingulum, is often more strongly pronounced,
and the presence of a central tuberele upon it is less infrequent.
From this greater prominence of the cingnlum, and consequent
more marked depression in front of it, caries 1s more frequent

F1G. 2.— Labial and distal view of a left upper second incisor,

upon the lingual surfaces of the upper second than upon those
of the upper first incisors.

The pulp eavity is, relatively to the whole tooth, perhaps a
little larger than that of the first incisor ; in other respects
the same description will suffice.

The Mandibular (Lower) First Incisors are very
much narrower than those of the upper jaw, not more than

Fia, 3.—TLabial and distal view of a mandibular first incisor,

half the width at their cutting edges, which again are much
wider than the necks of the teeth.
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From before backwards they are broad at the neck ; hence
the roots are very much flattened from side fo side, and rofation
is inadmissible in the attempt to extract them.

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

The Mandibular Second Inecisors, unlike the upper teeth,
are distinctly larger than the first in each of their dimen-
sions, but more especially in the length of their roots, which
are much flattened, and often present on their sides a median
longitudinal depression, sometimes amounting to an actual
aroove.

The proximal angle of the crown is rounded off like that of
the upper lateral incisors, though not so markedly.

The Canines are in all respects larger teeth than the
incisors; not only are their crowns thicker and stronger, but
their 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

A
Fig. 4—A maxillary canine, shewing (A) labial, (B) lingual and
() proximal surfaces, the basal eusp and the three ridges which con-
verge towards it.
before and behind the point or cusp, but as that side of the
tooth which lies next to the premolar is convex, and, as it
were, produced towards that tooth, the slope is longer on the
proximal than on the distal half of fhe crown. The
asymmetry of the shape of the crown makes it 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 inecisors, but is in a shight degree convex, and a median
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ridge extends from the apex of the cusp; this ridge where it
meets with the ridge which borders the lingnal surface and
corresponds with the cingulum of the incisor teeth is often
developed into a well-marked prominence or slight cusp.

In transverse section the neck 1s somewhat triangular, with
the angles rounded, the outer or labial being much wider
than the lingual aspect.

The Mandibular Canines are less pronounced in form than
the corresponding upper teeth; the point is more blunted,
the root shorter, the perpendicular labial ridge not traceable,
and the want of symmetry between the distal and proximal
halves of the erown less marked. The lingual surface has
perhaps a greater tendency to conecavity.

The Premolars (Bicuspids) are eight in number, two
on each side of both upper and lower jaws, and they probably
correspond to the third and fourth premolars of the typical
mammalian dentition, the first and second premolars being
generally regarded as unrepresented in man.

The Maxillary Premolars.—The crown, when examined
on its oceluding surface, 18 roughly quadrilateral, its outer or
labial border being, however, larger and thicker than its inner.
The teeth are carried round the curve of the alveolar border
mainly by means of this difference in size in the external and
internal portions of the canines and the fwo premolars.

The crown has two cusps, of which the outer is the larger,
stouter and broader. 'The outer and inner surfaces (labial
and lingual) are convex and smooth, with no basal ridges at the
edge of the gums. If is, however, not uncommon, especially
in the lower races of mankind, to see some indication of a
median ridge upon the outer surface, defined by slight grooves
upon either side.

The inner and outer cusps are not joined by a ridge.
Instead of this there is a deep fissure, the ends of which turn
somewhat abruptly outwards towards the oufer aspect of the
tooth. Perhaps the cingulum has been elevated fo form the
inner cusp, forming shight elevations bordering the anterior
and posterior (distal and proximal) edges of the grinding
surface. The distal surface is concave.

The root is single, and much compressed from side to side.
Very frequently, however, it is double for the greater part of
its length, and, if not so divided, is then marked by a groove
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upon each side, indicating a tendency towards such division.
The outer border of the root is often also marked by a longi-
tudinal furrow, which may amount to complete division. The
tendency to division is so constant, both in the lower and
higher races, that it may be regarded as almost normal. In
fact, a premolar may have three perfectly distinet roots, like a
molar, and like the premolars of monkeys, in most of whom
three is the normal number of roots. The first premolar is
more variable in respect of its roots than the second,

It is thought by Topinard that in the passage from a three-
rooted to a single-rooted type the postero-external root is lost,
the antero-external and internal roots becoming fused.

The second upper premolar differs from the first in that
the difference in size between its outer and inner cusps is
less, the inner cusp being relatively considerably larger,

Fia. 5.—0ccluding surface of a maxillary premolar.

and indeed often preponderating over the outer cusp in
length, so that the outer and lingual surfaces are nearly
equal.

The pulp eavity in the crown is furnished with distinet
cornua. At the neck it is very much flattened from side to
side, being often reduced to a mere fissure, which is, however,
considerably larger at its two extremities than in its middle.
Henee the pulp cavity of an upper premolar is diffieult to fill,
a difficulty increased by the impossibility, without the aid of a
skiagram, of always discovering what number of roots it has,
as their division sometimes takes place in varying situations.

The Mandibular Premolars are smaller teeth than
those of the upper jaw, and are quite distinet in-shape. The
outer cusp i8 bent inwards, and the corresponding surface of
the crown is very convex. The inner cusp is very feebly
developed, and is connected with the outer by a low ridge;
it is also narrow, so that the tooth is somewhat triangular as
looked upon from above.

The root 18 rounded, a little larger on its outer side than on
its inner, and tapers regularly towards its point. The pulp
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eavity is eylindrical at the neck, and also tapers regularly to
the apex of the root. The cornu of the pulp which corresponds
to the inner cusp is feebly developed.

The second lower premolar differs a good deal from the
first ; its crown is more nearly square in shape and larger in

I'16:. 6.—A mandibular first premolar, seen from the lingual side, showing
the preponderance of its outer over its inner cusp.

all its dimensions. The inner cusp reaches to a higher level
and 1s larger, and the greater development of the ridges which
bound the anterior and posterior borders of the occluding
surface makes it attain to such shapes as to render the tendency
towards a transition from the premolar type to that of a true
molar very evident.

The General Characters of the Series.—The differences
between a well-developed ineisor, canine, or premolar are so
strongly pronounced that the resemblances which underlie
them are apt to be overlooked, and it might be supposed that
in shape they had liftle in ecommon.

Nevertheless a very distinet gradation may be ftraced, and
it is usnal to meet with teeth which possessin a marked degree
transitional characters. If the external angle of a second
incisor be sloped off more than usual, while at the same time
its eingulum and basal prominence be well marked, it makes
no bad imitation of a diminutive canine ; and such ineisors are
often to be met with by any who search for such deviations
from the normal form.

Thus the form characteristic of a second incisor, if it be a
little exaggerated, very nearly approximates to the form of a
canine ; indeed, in the teeth of the orang the second incisor is
to all intents a diminutive eanine ; and in the present discus-
sion the great comparative size of the canine, which is traceable
to readily intelligible eanses, may be put aside, as it tends to
obscure the point to be here insisted on.

Between the canines and the premolars a similar relation-
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ship 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 eanine may be found an elevation of the
cingulum, in many instances amounting to a low cusp, has
been already noted; and it has been poinfed out that the
inner cusp of the first lower premolar is both smaller and
lower than the other,indeed often can hardly be said to exist.
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 premolar
are the same thing, differing only in degree, while it is inte-
resting to note that the pulp chamber in the latter has hardly
any prolongation towards the small inner cusp, so that the

Fia. 7.—8Sections of a mandibular canine and first premolar, showing
the characters common to the two.

resemblance between the two teeth is thus made more
complete.

This close relationship of canines and premolars will be
considered in the chapter on the Homologies of the Teeth ; for
the present purpose it will suffice to merely point ouf its
existence. The transition from the premolars to the molars
is more abrupt; at least, it is not so easy to point out
exactly how the cusp pattern of the one would arrive at the
form of the other. But it merely needs an exaggeration of
the differences existing between a canine and a first premolar
to make a good imitation of a second premolar.

If any one will take the trouble to make mental note of the
deviations in form which he meets with in human teeth, he
will find that they almost invariably consist of approaches
towards the form of the teeth on either side of them ; and will
infallibly be led to the conelusion that incisors, eanines, and
premolars are not three patterns of teeth perfectly distinet,
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and each sui generis, but that they are modifications of one
and the same pattern.

The Maxillary Molar teeth have quadrilateral crowns,
the angles being much rounded off. It may be premised that
the first molar is more constant in shape than the second (it
was regular in 99 per cent. of skulls examined), and this latter
than the third; with this proviso the first and second may be
deseribed together.

The masticating surface carries four subequal cusps, two
labial or external and two lingunal or internal; the antero-
internal cusp is distinctly the largest, and it is connected with
the postero-external eusp by a thick oblique ridge of enamel,
the remaining two cusps having no such connection.

This oblique ridge on the upper molars is met with in man,
the anthropoid apes, and certain new-world monkeys.

F1a. 8.—Masticating surface of a first maxillary molar on the left side :
the obligue ridge connects the antero-internal with the postero-
external cusp.

The grooves which separate the cusps pass down on to the
labial and lingual surfaces of the crown, but are lost before
reaching the gum. At the place where they terminate, how-
ever, there is often a pit, which is a very favourite situaticn for
caries, especially on the outer aspect of the teeth. It is very
rave to see the grooves passing down upon the proximal or
distal surfaces of the crown, a raised border of enamel
generally cutting them short in this direction.

When one cusp is suppressed, it is always the postero-
internal.

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

The external roots are less eylindrical, being mutually com-
pressed, so that their 'argest diameter is fransverse o the
dental arch ; the anterior is rather the larger of the two and is
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more strongly pronounced on the side of the neck of the root.
The anterior labial root is oeccasionally confluent with the
palatine root, but still more frequently the posterior labial and
palatine roots are confluent. Occasionally, also, four distinet
roots may be met with.

The third molars of the upper jaw resemble in a general
way the first and second, that is, when they are well developed
and placed in a roomy dental arch. But amongst most
civilised races it may almost be said to be exceptional for these
teeth to be regular either in form or position, so that extreme
variabilify prevails among them.

The two inner tubercles ave often blended together, and the
roots confluent, forming an abruptly tapering cone, the apex
of which is often bent and erooked, so that but little vestige
of the three roots can be traced, the pulp cavity even being
quite single.

The Mandibular Molars.—The first lower molar is the
most constant in form, and is somewhat the largest. Its grind-
ing surface presents five cusps.

FiGg. 9.—0ccluding surface and side view of a first right mandibular
molar, the five cusps of which are indicated by figures.

Four cusps are placed regularly at the angles of a square,
these being divided from one another by a crucial fissure;
the posterior arm of the erueial fissure bifurcates, and between
its diverging arms is the fifth cusp, which may occupy the
median line of the tooth, but more often is somewhat to the
outer side. Itis distinetly visible when viewed from the labial
aspect.

The transverse fissure passes over the limits of the occlud-
ing surface, and on the outer surface of the tooth may end
in a pit, which is a common site for caries; although it
occasionally passes over the lingual surface, it is here less
pronounced. Lower molars are implanted by two roots, placed
anteriorly and posteriorly ; the roots are much flattened from

D.A. O
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before backwards, and they are very usually curved slightly
backwards. In the median line of each root there is usually a
groove, by the deepening of which four roots may be produced ;
or this may happen with one root only, so that a three-rooted
tooth is the result., The first lower molar had five cusps in
82 per cent. of all skulls examined.

The second molar does not greatly differ from the first, save
that the roots are more often confluent, and the fifth cusp less
marked, even if it exists at all. Tt is present in about 24 per
cent. of skulls.

Fra. 10,—Second lower molar of right side, the four ensps being indicated
Ly ficurezs. The tooth figured is not so square as it should be, its
posterior cusps as well as its posterior root being smaller than the
normal.

The third mandibular molar is seldom so small as the
corresponding upper tooth, and its erown is often large
even when its roots are very stunted. It has five cusps,
as a rule, and bears a more or less close resemblance to the
molars which precede it. It is either two-rooted, or if the
roots be confluent, a groove usually marks a tendency to a
division into two fangs.

Frg. 11.—The third left mandibular molar.,

It is stated by Professor Owen (*} that, although the third
molar is the smallest of the series, the difference is less marked
in the Melanesian than in the Cancasian races, adding also
that the triple implantation of the upper and the double 1m-
plantation of the lower is constant in the former races. More
extended observations have overthrown this statement as a
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positive dictum to be accepted without exceptions, but it may
nevertheless be taken as expressing a general truth.

In lower molars the inner, and in the upper the outer, cusps
are the longer.

The Deciduous Teeth.—The milk teeth differ from their
permanent suceessors by being smaller and having more
bulbous crowns, so that the neck is more strongly constricted.
The ineisors and canines are somewhat similar to their
successors, the canines, however, being relatively shorter and
broader than their representatives in the permanent dentition.
The first upper molars have three cusps, two external and one
internal ; the second more nearly resemble the permanent
molars.

The second lower deciduous molar has four cusps and
resembles a second lower permanent molar. The roots of the
deciduous teeth diverge from the neck at greater angles than
those of permanent teeth, in consequence of their more or
less completely enclosing between them the erypts in which
the latter are developing.

The Dental Formula of Man.— In viewing the gradational
characters which exist between the various human teeth, it
must not be forgotten that some links im the chain have
dropped out.

The typical number of teeth in existing mammals may be

regarded as 44, i.c.,

igc% pm i-m —g = 44

whereas man has only

e | 2 8

igeypmgmz

It has been usual to suppose that the teeth which are
missing in man are the third incisor on each side and the first
and second premolars, buf reasons have been advanced which
throw doubt upon this conclusion as regards the incisors (3, 9.
From the study of cases of cleft palate it has been found that
it 18 not at all certain that the cleft usually runs along the site
of the suture between the premaxillary bone and the maxilla ;
for it often appears to be well within the limits of the

former, and so lends some support to the idea of Albrecht (*)
2—2

= 82.
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that there are two intermaxillary bones on each side,* and
that the cleft runs along the division between them. And it is
far from uncommon for a tooth of incisor type to lie beyond
the cleft and close against the front of the canine. To this
tooth Sir W. Turner (*), pending decision as to its homologies,
aives the name of * precanine.” The argument put briefly is
this : a tooth outside the cleft and close to the canine is of so
common oecurrence that its position there must be due to
something other than accident when the normal number of
incisors is not exceeded. But there is a case on record in
which this precanine existed although there were four incisors
upon the intermaxillary portion, which was isolated by a
double cleft ; in this specimen, therefore, the precanine was
evidently the third incisor of the normal mammalian dentition,
and 1t is therefore not unlikely that it is always so; if this
inference be correct, then the lost ineisor in man is probably
the second.

The Arrangement of the Teeth in the Dental
Arches.—The teeth of the upper jaw are ranged along a curve
of larger dimensions than those of the lower, the incisors
passing in front of the corresponding lower teeth, and the
external cusps of the premolars and molars closing oufside
those of the lower teeth.

There are, however, some points to be noted in the relation
borne by the upper to the lower teeth, by which it is
brought about that each tooth is antagonised by portions of
two teeth in the other jaw, and has therefore not merely a
single opponent.

The upper incisors 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 crowns ; while the external tubercles, or eusps, of
the premolars and molars of the lower jaw are received into the
depressions between the external and internal tubercles of the
similar teeth in the upper jaw, thus allowing the external
tubercles of the upper teeth to close externally to the outer
tubercles of the lower row.

Beyond the incisors, each lower tooth closes somewhat in
front of its eorresponding upper tooth.

* Comparative anatomy, however, lends no support to this view.
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In consequence of this arrangement of the tubercles, the
whole surfaces of the erowns of the opposing teeth are used
during mastication, this act being performed by bringing the
external tubercles of the lower molars opposite to those of the
upper row, whence, by the lateral motion of the mandible
inwards, their external tubercles pass down the inclined sur-
faces of the external and up those of the infernal 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 first incisors of the
upper extend over the first and half of the seconds of the
mandibular series, and that the superior seconds lie over the
remaining half of the inferior seconds and the anterior half of
the canines of the lower jaw. The upper canines close over
the halves of the lower canines and first premolars, while the
first premolars impinge on the half of the first and half of the
second premolars of the lower row. The second upper pre-
molars close upon the anterior third of the opposing lower
first molars and the posterior halves of the second premolars.

The upper first molars occlude with the posterior fwo-thirds
of the first and one-third of the second molars of the lower
jaw, while the second upper molars close upon the unoccupied
posterior third of the second and the anterior third of the
third molars. The maxillary third molar being smaller in size
than that of the lower jaw, is perfectly opposed by that portion
of the latter leff unoceupied by the second mandibular molar.

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 alternate
teeth, still the corresponding teeth of the opposite jaw are to
some extent opposed, and thus remain useful. For when a
tooth is wholly unopposed a process is apt to be sef up in the
jaw by which the useless organ is gradually ejected.

The direction of the teeth in the upper jaw is vertically
downwards and slightly forwards, while those of the mandible
are placed vertically, the molars tending slightly inwards.

It should be borne in mind that the description of the
human teeth here given is that which may be regarded as
typical for the FHuropean races of to-day. The teeth of other
human races as well as of those of earlier and of prehistorie
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times exhibit certain points of difference. These will, how-
ever, be considered in a later chapter in which the dentitions
of the Primates are dealt with from the comparative point of
view.

THE FACIAL AND MAXILLARY BONES.

Without dwelling upon details which are to be found in
every anatomical text-book, there are some considerations of
especial interest to the odontologist which are offen passed
with little notice. Thus the close interdependence between
the dentition and the general appearance of the face, and,
indeed, even the shape of the skull as a secondary result, is
apt to be forgotten.

Thus, to take a lion as an example, the snout is broad,
owing to the wide separation between the canines, which gives
these teeth a good purchase in grasping a living prey. Its
shortness enables them to be used at a greater mechanical
advantage than would be the case were they further removed
from their fulerum at the joint, and the breadth of the face
below the eyes is conferred by the widely spreading zygomafic
arches, which are obliged to be wide to give passage fo the
very powerful temporal, and attachment fo the massefer
muscles.

The gize and strength of the musecles are correlated with a
lateral compression of the eranial portion of the skull, together
with the development of bony ridges to form additional surface
for the origin and attachment of muscles acting upon the
mandible, thus largely influencing the contour of the face.

Such a skull is in marked contrast with the long thin
snouts of the Insectivora, whose forceps-like front feeth as a
rule merely pick up unresisting prey; or with the long weak
snouts of the horse and the Ungulata generally. The face
of the boar, again, is largely determined by the great muscles
which move the jaw, and by the bony processes which give
attachment to them.

The adult anthropoid ape has a shorter face, associated
with a dentition with closely-packed teeth, not very divergent
in shape from the human type, but he remains prognathous,
and with a face that is disproportionately large as compared
with his cranium, because he has teeth that are relatively
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larger and more powerful than those of man, and he has a
diastema between them to admit his great canines. In the
young ape, however, with a less powerful dentifion, the contrast
with man is much less marked.

Or, if the human face be taken as an example, and the
jaws be extended forward a little, the teeth projected and the
mouth widened, a coarse animal type of face is copied ; and,
conversely, by a reduction of the maxillary region, perhaps
even below the limits which will afford space for the regular
disposition of the teeth, a refined oval type of face is formed,
such as is represented in many of the ancient Greek seulptures.

The jaws of a negro are large relatively to the eranium, as
are also those of exeeptionally big men, though this is not
universally true. In rickets the jaws are disproportionately
small.

The motions executed in mastication, as well as the crown-
patterns of the individual teeth, differ much according to the
nature of the food. Hence it happens that in differenf animals
the muscles of mastication and the type of tooth-pattern are
very variously developed.

Thus in the Herbivora there is great lateral movement of
the jaw, as anyone may observe, while the pterygoid muscles,
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 forward in gnawing, the masseter muscle is
enormously developed, and has a very marked general back-
ward direction.

Although it is nob strictly true, the masseter and temporal
muscles may be said to be developed in mammals in an inverse
ratio to one another: when one is large the other is small.
But though the former is at a maximum in the Carnivora,
in which little lateral movement of the jaws is possible, the
latter is highly developed in many of the class.

In the great apes, the temporal muscle becomes enormously
developed only at the period of second dentition ; this fact,
conjoined with its size, which in Ungulates seems to have
some relation to the presence or absence of canines, would
incline one to suppose that it is useful in that rapid elosure of
the mouth appropriate to the seizure of prey or fo fighting.

It may be noticed that, whilst the powerful (massefer,
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temporal, and internal pterygoid) muscles close the jaws, only
slight and weak ones (digastric, mylohyoid, and geniohyoid,
aided perhaps by the platysma) open them, and the weight of
the mandible is enough per se to open the mouth.

The position of repose is neither complete closure nor
opening of the jaws; in persons with nasal obstruction the
habitual position is one with the mouth somewhat more
widely open, owing to the difficulty of breathing through the
nose, a fact which may cause an irregularity in the disposifion
of the teeth.

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

As a rule herbivorous creatures have large parotid glands ;
that is to say, those ereatures which deal with the driest food
and masticate it the most, have this gland largely developed.
For instance, it is very large in the ox and other ruminants ;
in herbivorous marsupials it is larger, and in the earnivorous
section smaller, than the submaxillary gland. When an
especially viscid fluid is required, as, for example, that which
lnbricates the tongue of an ant-eater, it 1s furnished by
exceedingly large submaxillary glands.

The form of the glenoid eavity also bears an intimate
relation to the type of dentition of the animal and the nature
and extent of the movement of its jaws.

Thus in a child it is nearly flat, with no well-marked sur-
rounding elevations; its axis is transverse, and little rotary
motion is made use of. In the adult it is deeply sunk ; the
axis of the eondyle is oblique, and rotary movements are
largely made use of in triturating food.

In the Felide, it is strietly fransverse; their teeth,
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 condyles are locked
into the glenoid cavity by strong processes in front and
behind. Curiously enough, the interarticular cartilage is
present, but as the condyle never moves forward, the cartilage
18 not attached to the external pterygoid musele.

In the Ungulata the condyle is rounded, the ascending
ramus long, the pterygoid musecles large, and the glenoid
cavity shallow. In the whale, which of course does not
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masticate at all, there is no interarticular ecartilage and no
synovial membrane; the articulation is reduced to a mere
ligamentous attachment.

In rodents there is no postglenoid process, so that the
condyles have a large play backwards, useful for employing
the teeth in gnawing.

The articulation of the human lower jaw is peculiar, and
allows of a degree of play quite unusual in a joint. The ovoid
condyles when the jaw is at rest are lodged in depressions,
the glenoid fosse of the temporal bones, formed partly by the
squamous and partly by the vaginal portions of the bone.
In the anterior-posterior direction the fossa is much larger
than the condyle which rests upon its anterior portion; the
posterior half of the cavity is rough, and lodges a portion
of the parotid gland ; the anterior is smooth, and is bounded
in front by the eminentia articularis, which is the middle
root of the zygoma, enters into the formation of the joint,
and 1s coated over by ecartilage even beyond its summit.
Between the condyle of the lower jaw and the temporal
bone lies a movable interarticular fibro-cartilage, which is
an irregular bi-concave oval plate, the edges of which are
united with the capsular ligament, so that the joint is
divided into two cavities, furnished with separate synovial
membranes, unless when, as sometimes is the case, the fibro-
cartilage is perforated in its centre. It is thickened at its
posterior border, which lies in the hollow of the glenoid fossa.
Above it the bone is thin, the dura mater being close at hand,
and it may be useful in deadening shocks, The startling
effect of a “ knock'out” blow is due to shock transmitted
through the condyle.

The lower surface of the cartilage is eoncave, and, as it
moves forward with the eondyle in its excursions, it provides
the latter with a concave seating in which to revolve, in all
positions of the mandible, for it is more closely attached to
the condyle than to the skull.

An interarticular fibro-cartilage is constant in, and peculiar
to the Mammalia.

The exact nature of the movement of the mandible in
opening and closing the mouth was studied by John Hunter,
and more recently by other observers, especially with regard
to the results produced by the laxity of the articulation and
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the consequent latitude of movement allowed fo the condyle.
In the Felide the glenoid eavity is so complete and fits with
such aceuracy the form of the condyle (an interarticular
cartilage being, however, interposed), that only a pure hinge
motion is possible, and consequently any part of the mandible

FiG. 12—Condyle of the lower jaw A and glenoid fossa B of a tizer,

must, in the opening of the mouth, describe an are of a
single circle having for its centre the condyle. In any
animal, however, in which the condyle is free to move
forwards, this will only be true so long as the condyle
remains stationary, in other words, so long as the centre
round which the arc is described remains in the same place.
[t was formerly supposed that during the opening of the mouth
to a small or moderate extent the condyle did, in man, remain
in the same position, and that it was only when the opening
was somewhat extreme that it passed forward and on to the
eminentia articularis. It has, however, now been demon-
strated, first by Dr. Luce and subsequently, by other
methods, by Mr. Dolamore and the author (*), that this is not
the case, but that the condyle commences to travel forwards
from the first. Its motion of translation is-‘-not equal for
equal increments in the opening of the mouth, being at first
less, then inereasing in the middle of its course, and finally,
as the condyle has mounted the eminence, again diminishing.
It becomes then obvious that the path deseribed by a poinf
in the mandible, say by the mandibular incisors, cannot be
a portion of any one cirele, but would be more nearly
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represented by successive short segments, each described
from a more advanced centre. In man, however, the sliding
motion of the condyle is not, as in some creatures, simply
forwards: its track is determined by the form of the
surface of the glenoid cavity, so that, as it slides along, it
travels along a curve the concavity of which looks forwards
and upwards,

The resultant then, the path deseribed by the mandible,
is compounded of two circular motions, just like the path of
a geometric cutter or a geometric chuck; in other words,
the rotation of the mandible upon its condyle as a centre is
complicated in its ultimate results by this centre, the condyle
itself, all the time fravelling along a short curved path,
namely the under-surface of the glenoid fossa and the
eminentiac articularis. But this last-mentioned path, though
considerably curved, is a short ome, and so the resultant
motion of the mandible does not depart from fhe arc of
a circle to any very wide extent. It is obvious that the shape
of the glenoid fossa and of the eminence will affect the
result, and without entering into details, for which the
reader is referred to the papers themselves, it may be briefly
stated that the effect of this combination of movements is
to earry the mandible further forwards than it would other-
wise go, and fo approximate its motion more nearly to a
straight line ;—that is to say, to malke it travel almost upon
the are of a cirele larger than that which would be traced by
its rotation round its own condyle. It may be that this more
forward path is an advantage to an animal which carries its
head more or less at right angles to its neck ; an animal, such
as a lion or a dog, which carries its head horizontally, has
plenty of room to open the mouth widely without touching
its neck, whereas in man or in a higher ape the wide opening
of the mandible, if it were not at the same time carried
forward, would make pressure on the anterior structures of
the neck. DBe that as it may, it will be obvious that no
simple ecircular motion round any fixed centre can truly
represent the path of the mandible ; nevertheless the actual
path does not greatly diverge from the are of a cirele
deseribed round a point generally an inch or an inch and
a half below the condyle, and somewhat behind it. Thus
the old statement that the axis of rotation lay upon the plane
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of the masticating surfaces of the teeth prolonged backwards
is not aceurate, but is not very far from the truth.

A curious point which came out in the progress of the
inquiry is that the track pursued in opening the mouth, as
shown by tracings, is not identical with that pursued in
closure, the latter generally lying in front of the former and
only becoming coincident at the last moment, just before the
teeth meet.

When the mouth is foreibly closed the lower teeth only are
moved ; the upper teeth have to be rigidly fixed, while the

Fi6. 13.—Superior maxillary bone of the right side. 1. Body. 2. Tuberosity.
3. Incisors. 4. Canines, 5. Premolars. 6. Molars. 7. Malar process,
8. Nasal process. 9. Alveolar process.

teeth of the lower jaw are brought forcibly against them with
more or less of shock. And whilst these blows have to be
received, resisted, and ultimately borne by the eranium, if is
obviously desirable that they should be distributed over a
sufficiently wide area, so as not to be felt unpleasantly.

The Maxillary Bone.—The ascending nasal process is
very stout, and serves to connect the maxilla strongly with
the frontal bone, which also in the region in question is
powerfully developed ; the thick malar process gives rigidity
and resistance to lateral movements of the jaws, and carries
off the strains to the lateral walls of the eranium ; the maxilla
is buttressed at the back by the pterygoid processes.

Thus, though the maxilla is hollowed out, so as to be
lightened by the antrum and the nasal fossa, it forms a firm
and resistant base against which to exercise force,
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The alveolus of each individual tooth consists of a shell of
comparatively compact bone of minute thickness, the lamina
dura, which is imbedded in a mass of loose eancellous 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, such as those of
maxillary eanines, a portion of alveolus is at times wanting, so
that in a macerated skull the root is exposed to view.

This difference between the bone constituting the immediate
alveoli and that constituting the shell of the jaw-bones is very
strongly marked in some mammals, notably in the manatee,
in which there appears to be a continual migration of teeth
forward taking place during the animal’s life (see p. 561).
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CHAPTER II.
THE DENTAL TISSUES.—ENAMEL,

GieNeraLLY speaking, calcified teeth are composed of one or
more structures which are in great measure peculiar to the teeth.
Notwithstanding the existence of certain transitional forms, it is
not possible to doubt the propriety of a general division of denfal
tissues into three, viz., Dentine, Enamel, and Cementum.

The first named of these constitutes the greater partof all teeth,
and so far predominates in mass over the other consfifuents that,
in very many cases, the tooth would nearly retain its form and
character after the removal of the enamel and cementum.

This eentral body of dentine, enelosing the pulp, is very often
covered by a eap of enamel, which forms the exposed surface 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 far above the surface of the mucous membrane ; or it
may cover a much larger proportion of the tooth, as in man.
Perhaps the most usual condition is that the enamel invests
the whole ecrown of the tooth, terminating at-abouf 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
ineisor teeth, where by its great hardness, 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 order
Identata, comprising sloths, armadillos, and ant-eaters, have
it not ; the narwal, certain cetaceans, some reptiles, and many
fish also have none. -

Buf although it might appear an exceedingly simple matter
to determine whether a tooth is or is not coated with enamel,
as a matter of faet in practice it is not always easy to be
certain upon this point. When the enamel 1s tolerably thick
there is no difficulty in making sections which show it
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satisfactorily, but when it is very thin it is apt to break off in
erinding down the section. And even when it does not, it is
in such cases usually quite transparent and structureless, and
the outermost layer of the dentine being also clear and
structureless, it is very hard to decide whether the appearance
of a double boundary line is a mere optical effect due to the
thickness of the section, or is indicative of a thin layer of
a distinet tissue, which might be either enamel or cementum,
for very thin layers of cementum look very much like enamel.

The author’s investigations upon the development of the
teeth of fish and reptiles have led him to suspect that rudi-
mentary layers of enamel may exist upon many teeth on which
their presence has not been recognised, for he has found that the
formative enamel-organs universally occur, at least they exist
upon all tooth-germs which have been adequately examined.
Upon the teeth of snakes, which were stated by Professor
Owen to be composed only of dentine and cement, he has
endeavoured to show 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 it is not certain that there
is enamel upon its teeth, although there is an appearance of a
thin coat of distinet tissue. Thearmadillo has an enamel-organ,
but observations have failed to discover any enamel or anything
like it upon the adult teeth, and Professor Sir Wm. Turner has
made a similar observation upon the narwal.

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

Hence one may hesitate to fully endorse Sir Richard Owen's
generalisation that dentine is the most and enamel the least
constant of dental tissues; it is to be remembered that it
may be so in completed teeth, but recent researches into
dental development have very materially modified the concep-
tions formed as to the relations of the tissues to one another,
and must lead one to examine carefully into such deductive
statements before aceepting them.

The remaining dental tissue is ecementum, which clothes, in
a layer of appreciable thickness, the roots of mammalian teeth,
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and reaches up as far as the enamel, the edge of which it may
overlap to a slight extent, or entirely cover, or even not extend
up to, so that when the cementum is present upon the crown, it
oceupies a position external to that of the enamel. Cementum
oecurs universally upon the teeth of mammalia, buf it is not
always confined to the root of the tooth. In many organs of
persistent growth it originally invested the whole erown, 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 elephant, ox, horse, ete.)

It is probably entirely absent from the feeth of snakes, and
indeed of very many reptiles; in the repfilian class, af all
events, it would appear to be confined to those in which the
teeth are lodged either in sockets or in a deep bony groove, as
the author is unacquainted with any tooth anchylosed fo the
jaw in which it exists, unless one is inelined to include under
the term cementum the tissue which has been designated
“bone of attachment.” (See “ Implantation of Teeth.”)

Chemical Constituents.—Upon the outer surface of the
dentine the enamel forms a cap of a very much harder and
denser material. In its most perfect form it is by far the hardest
of all tissues met with in the animal body, and at the same
time the poorest in organic matter. It has been usually stated
that in the enamel of a human adult tooth there is from 35
to 5 per cent. of organiec matter, but this is, as will presently
appear, an error, there being probably only about 1 per cent.
The lime salts consist of a large quantity of caleium phos-
phate, some carbonate, and a trace of fluoride; in addition,
there is a little magnesium phosphate.

Von Bibra (!) gives two analyses of enamel :

ADULT ADULT

MAN, WOMAN.
Caleium Phosphate and Fluoride . 8982  81.63
Caleium Carbonate . : A L L 588
Magnesium Phosphate . : : 1:34 255
Other Salts . ! : ) Laee 85 97
Cartilage . : . : ; . g8y 597
Pat . . - . - s 20  a trace
Organie . " : " : o BehY 597

Inorganic . : ; : . . 9641 94408
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Hoppe-Seyler (7), who believes that the salt mainly present
in bone, dentine, and enamel is a compound salt, in which
three molecules of calecium phosphate are combined with one
of caleium carbonate, Ca;p COy (POy)s (just as in the mineral
apatite two molecules of fluorine are combined with three of
caleium phosphate), gives as his analysis :

Gll-w Cﬂu (].Jo.j}ﬁ : - . : : 0580
PR o W 1:05
Organic substance . : ; : ; 3:60

In 1899 F. Bertz published an Inaugural Dissertation
(Wiirtzburg) on the chemical composition of the teeth. An
abstract of this paper is given in the ““ Jahresbericht tiber die
Fortschritte der Thier-chemie,” vol. xxx., 1900, p. 457. Bertz
gives the following table for the composition of the teeth of
man and of the calf:

MENSCHENZAHNE, KALBERZAHNE,

Irentin, Sehmelz. sehmelz,
Organic substance . 2915 6-822 1656
Cal : : . . o818 50224 44-243
MgO . : : : 1:508 0-732 0955
Balds. ' . ; B0 %44 40698 37019
205 . ‘ i } 0-378 0-296 0316
Fl : ; S 0-471 1089 Tl

99-931 99-856 09-564

The most recent analysis of dried enamel has been under-
taken by Dr. Lovatt Evans (Proe. Int. Med. Congress, 1913,
Section XVII.), who finds in 8:659 grm. of human enamel
3956 c.c. of gas consisting of carbon dioxide 3021 c.c., and
nitrogen 985 c.c., thus giving a percentage of 0°55 carbon
and 0’4 nitrogen, and in elephant enamel a percentage of
0:97 carbon and 0'57 nitrogen. His resulfs thevefore show
that the organic matter in dried human enamel probably
amounts to between 1 and 2 per cent., and in elephant enamel
over 2 per cent.

A large number of other analyses have been from time to
time published, in which the proportion of organic matter
ranges from two to seven or eight per cent.

The author undertook a series of experiments with the
object of ascertaining what the nature of this organic matter

D.A. J
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was (), but failed to discover, in any notable quantity, any
substance giving proteid or proteoid reactions.

It is expressly stated in deseribing some of the published
analyses that the organic matter was estimated simply by the
loss on ignition, and this appears to have been the case in all,
for in none of them is water set down as a constituent of
dried enamel.

Hoppe-Seyler's statement that infantile enamel contains
more organic matter, and otherwise differs from adult enamel,
has been cited as an argument that enamel is not outside the
pale of nutrition. But this argument is inapplicable, for his
observations do not relate to the complete enamel of erupted
teeth. He used the teeth of a newly-born infant, whose feeth
were not erupted and whose enamel was far from being com-
plete. It is difficult to see how it would be possible to obtain
such enamel in adequate amount for certain analysis, and fo be
at the same time sure that it was quite free from adherent
dentine and enamel-organ. Hence his analysis of infantile
enamel is omitted in detail, as it appears so open to fallacy.

But the author’s original analyses showed that, in the case
of elephant’s enamel, which was selected because, on account
of its thickness, it was comparatively easy to get tolerably free
from adherent fragments of dentine or cementum, there was as
much as four per cent. of water left after the enamel had been
long dried at atemperature of 300°F. This water, which was
apparently held in somewhat elose chemical ecombination, was,
under ignition, given off suddenly, and with such violence as
to cause the fragments of enamel to crepitate and fly to pieces,
and it was possible to eolleet it in a chloride of caleium tube
and to weigh it, so as to prove that the total loss on ignition
was very nearly accounted for by the water given off.

It would be out of place to repeat here in detail all the
experiments, as they are to be found in the paper referred
to (*¥); it will suffice to say that probably there is no organie
matter at all (in any noteworthy amount) in enamel, and that
that which has heretofore been set down as organic matter,
because it was lost on ignition, is simply water combined with
the lime salts.

When fragments of enamel are ignited in a hard glass tube,
it is seen that the surfaces which had lain in contact with
dentine or eementum become blackened, but that fractured
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surfaces in the midst of the enamel do not blacken aft all but
remain snowy white ; it is thus shown that the very minute
traces of organic matter found are mainly due to the practical
impossibility of getting enamel quite free from adherent
dentine or cementum, a conclusion which is confirmed by the
miecroscopic examination of the trifling residue left when such
enamel is dissolved in acids.

As a check experiment a solution of dissolved dentine matrix
was prepared, and this was added to a solution of enamel salts
go as to introduce one quarter per cent. of organic mafter ;
this gave abundant proteid reactions. It has long been
a familiar fact that enamel treated with acid disappears,
whereas the organic matter in the prismatie layer of the shell
of the molluse Pinne, which bears a superficial resemblance
to enamel, retains its structure and is actually more bulky
than before decaleification, although it only amounts to 13 per

cent. of the weight of the shell employed.
. Enamel is then to be regarded as an inorganic substance
composed of lime salts which have been formed and deposited
‘in particular patterns under the influence of organic tissues,
which have themselves disappeared during its formafion.

A very minute trace of organic matter is sometimes to be
extracted by maceration of powdered enamel in caustic potash
or baryta water, the subsequent addition of acetic acid pro-
ducing a cloudiness; the quantity obtainable is far too small
for identification, but the reaction above mentioned would
indicate that it was either mucin or nueleo-albumin ; it might
have been derived from the fluids of the mouth, but in any
ease is in too small amount to be of much significance.

The rods of enamel, obtained by seraping or erushing, hardly
undergo any alteration in form or appearance by ignition,
except that they become a little more granular; but this slight
amount of alteration seems to go to confirm what has already
been said as to the absence of organic matter, for the expulsion
of the combined water might easily cause a slight difference in
the appearance of the crystalline salts.

The water is probably combined with the ecaleium phos-
phate ; tribasie ealeium phosphate when prepared by any wet
method retains, in combination, one or more equivalents of
water, which it will not part with below red heat, and the
author’s analyses show the presence of water in about (though

8—2
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not abgolutely exactly) the proportion of one equivalent. This
slight diserepancy, there being a little too much water, may
be due to enamel being from its physical structure very
difficult to dry absolutely; or perhaps some of the calcium
phosphate retains two, and the rest only one equivalent of
water.

Distribution.—Enamel is of very common oceurrence in
the teeth of fish, reptiles and mammals, and is also to be
found upon many dermal scales in fish; this is only to be
expected, as the occurrence of an enamel-organ in early
development is absolutely universal. But it varies in amount,
forming sometimes a complete coating, sometimes a very
partial investment, sometimes a mere spear point to give
gsharpness to the tooth, and sometimes 1t appears to bLe
wholly absent.

In teeth of limited growth it terminates at the neck of the
tooth, where it overlaps or is slightly overlapped by or fails to
reach the cementum. Of these variations of termination it
would appear that, as a rule, the two tissues actually meet one
another. Choquet has found that in 275 per cent. of
specimens he examined there was a breach of continuity, a
minute surface of dentine being exposed. Where there is a
complete coat of cementum over the erown this always lies
outside the enamel, which is then between the cementum and
the dentine.

The cap of enamel on a human tooth is of varying thick-
ness, being thicker in the neighbourhood of the cusps than
elsewhere.

Its outer surface is finely striated, the strie being transverse
to the long axis of the crown. They are called * imbrication
lines.” In addition to this fine striation there may be a few
deeper and more pronounced grooves, or pits, which are
pathological and are marks of checks in development more
or less complete. The enamel of some animals is almost
gtructureless. Sueh is the nature of the little eaps which, like
gpear points, surmount the teeth of some fishes, and which
from their extreme britfleness are often lost in preparing

[My friend Mr. Gowland Hopkins, I.R.S., tells me that the literature
on the chemistry of the teeth is fairly fully given in the ** Handbuch d.
Biochemie,” by Hans Aron (1909), but I have not been able to obtain a
copy of this work.—H. W. M. T.]
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sections, so that their very existence has long been overlooked.
Some of these enamel tips, however, present an appearance
somewhat similar to the enamel of Sargus (p. 59). But the
absence of structure is after all a mere question of degree: in
the ecommonest form of enamel, such as that of the human
teeth, there is a finely prismatic structure, very apparent in
imperfect teeth but far less so in well-formed ones, so that
even when constituent rods cannot be distinguished this is
merely an indication that caleification has progressed a little
farther than in human feeth: if caleification only goes far
enough, all structure, 1f not destroyed, might at all events be
masked from sight.

Histology of normal Enamel.—The structure of human
enamel has been called fibrous; that is to say, it has a
cleavage in a definite direction, and is capable of being
broken up into columns or rods, which seem in trans-
verse section to approximate more or less closely to
pentagonal or hexagonal forms brought about by their mutual
apposition. The rods run from the dentine towards the free
gurface; this is, however, subject to many minor modifications.
The eurved and decussating course of the human enamel rods
renders it diffieult to trace them throughout their length, but
the structure of the enamel of many lower animals (especially
the rodents) is more easily intelligible. FEnamel such as that
of the manatee, in which all the rods pursue a perfectly
straight course, is of comparatively rare occurrence, but among
the rodents the courses pursued by them are simple, and pro-
duce very regular patterns, which are constant for particular
families.

- Thus in the Sciuride, a section of this tissue, whether
longitudinal or transverse, appears divided into an oufer and
inner portion, in which the individual rods, although con-
tinunous from the dentine to the free surface, pursue different
directions. As seen in longitudinal section, the enamel rods
start from the dentine at right angles to its surface, and after
passing through about two-thirds of the thickness of the enamel
in this direction, abruptly bend upwards, forming an angle
of 45° with their original course. In the inner two-thirds as
seen in transverse section, they are found o be arranged in
horizontal layers, each layer being a single rod in thickness ;
in successive layers they pass to the right and to the left,
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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, where the rods bend abruptly
upwards, those of superimposed layers no longer pass in
opposite directions, but are all parallel; in fact no longer
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F1a. 14.—Transverse section of dentine and enamel of a beaver: in the
inner half the rods of contiguous layers cross each other at right
angles, in the outer they are parallel. Owing to the peculiarity of
the direction in which they run in this animal, this fizure has for
clearness been rendered somewhat diagrammatic.

It is obvious that a transverse section, in order to show the decussation of
superimposed layers clearly, must be parallel with the layers, i.e., at
an angle of 60° with the long axis of the tooth. But this obligunity
will not be right for the outer portion in which the rods are yet more
inclined upwards. Hence in the figure this has been corrected, and the
simpler outer layer drawn as though the plane of the section were
really parallel to the fibres in both layers,

The reader is requested fo ignore the parallel lines in the upper portion
of the figure, which are due to an unsuccessiul attempt to represent
appearances actually seen in a single section.

admif of distinction into alternate lamine. Thus each layer
of enamel rods passes in a very definite direction, and, seen
with those of other layers, forms a very characteristic pattern ;
but the enamel rods are not in any part of their ecourse curved.

In the beaver the course of the rods is not quite so simple.
Examining a longitudinal section first, instead of the rods
starting off at right angles to the surface of the dentine, they
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at first are inclined upwards towards the apex of the tooth at
an angle of 60° with the dentinal surface; then, after passing
through about half the thickness of the enamel, they turn up
abruptly again, so that they here make an angle a little less
than 30° with the denfine.

- It follows from this that no one transverse section can show
very plainly the direction of the rods in both parts of their
course. The most instructive transverse section is one cut
parallel with the layers near to the dentine; this will plainly
show the successive layers passing to the right and to the left
as in the squirrel, but the yet more inclined fibres of the
outer half of the enamel will be cut across obliquely; for this
reason the figure here given may be regarded as so far
diagrammatic that the effect of this obliquity of cufting has
been partly eorrected, and the figure compounded from two
sections, in each of which one set of rods was parallel with the
plane of the section. It is still further complicated by the fact
that the oufer layers are not only inelined upwards but also
sideways towards the middle line of the head : thus the middle
line of the head would be to the right of the section as
represented. As regards the decussation of the rods of
alternate layers, it is similar to that of the Seciuride, but it
differs in the lamin® being slightly flexuous instead of
pursuing perfectly straight lines.

In the poreupine family very much more complex patterns
are met with, the enamel rods being individually flexuous, and
their eurves not confined to one plane; the individual rods
pursue a serpentine course, and cannot be followed far in any
one section. Near to the surface, however, they all become
parallel, the enamel thus econforming with that of other rodents
in being divided into two portions (at least so far as the course
pursued and the pattern fraced by its rods in its inner and
outer parts can be said to so divide it). The Leporide form
an exception ; their enamel has no such lamelliform arrange-
ment, but is built up merely of slightly flexuous columns.

By fracing the courses of enamel rods from the simple
pattern found in the manatee through that of the squirrel,
beaver, and poreupine, it is seen how a very definite arrange-
ment, at first simple, becomes modified into something
a little more complex, till at last it reaches a degree of
complexity that looks like mere disorder. No one unfamiliar
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with the enamel of other rodents, looking at the enamel of the
poreupine, would be able to unravel the very indefinite-looking,
structural chaos before him ; but had he studied forms in some
degree transitional he could not doubt that the tortuous,
eurving coursé which he saw the rod to be pursuing was
nevertheless perfectly definite and precise, and formed part of
a regular pattern. It is very usual for the individual rods,
like dentinal tubes, to pursue a spiral course.

In well-formed human enamel the rods are not very strongly
marked, it being only in imperfect enamel that they are
pronounced, and it is stated by Otto Walkhoft (**) that in
different groups of rodents there are gradations between
sharply defined rods and an almest homogeneous structure.
Speaking generally, the rods are well defined in primates,
carnivora and cetacea, whilst in marsupials they are seen with
difficulty prior to the application of acid.

In human enamel on the whole the rods are parallel, and
run from the surface of the dentine confinuously 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 direetions, while they are also wavy,
forming several curves in their length. The curvature of the
enamel rods is most marked upon the masticating surface ;
while on the sides, the layers, alternating in the direction
of their inclination as just desecribed, are in planes transverse
to the long axis of the crown, and correspond to the fine
imbrication lines on the surface of the enamel, which appear
to be caused by their outerop. The curvatures take place
in more than one plane; in ofher words, the course of the
individual rod i1s more or less a spiral.

Although most rods run through the whole thickness of the
enamel, vet inasmuch as the area of the outer is much larger
than that of the inner surface of the enamel, and the
individual rods do not undergo much alteration in size as they
pass outwards, many supplemental rods are present in the
outer portions which do not penetrate far inwards.

The actual structure of enamel, which might have been
thought to be a sufficiently simple matter of observation, is
even yet not settled. It is an example of the difficulties
which beset any observation of struetures which have a
high refractive index, being difficult to reduce fo extreme



THE DENTAL TISSUES —ENAMEL. 41

thinness. Deceptive appearances may arise from the thickness
of the section. from diffraction lines and ofher effects, from
other than eritical iHumination, and from the smallest alteration
of focus, so that with high powers there is always left a doubt
as to the proper interpretation of that which appears to
be seen.

The rods of human enamel are about 5p in diameter, |
though in places they may exceed this a little.

The individual rods are, under a low power, fo all appearances

F'1G. 15, —8triation of human enamel (from a photograph by Mr. Leon
Williams). The specimen was ground fresh, mounted in balsam, and
not treated with acid.

structureless in perfectly formed human enamel, buf a faint
transverse striation, fainter, but otherwise not unlike that of
voluntary musecle, is so general that it cannot be regarded
as pathological, although it is most strongly developed in
imperfeet brownish enamel. The striation in question may be
seen even in a single isolated rod, and is not necessarily
continuous over adjacent columns, though it generally is so; it
is rendered more apparent by the slight action of diluted acids
upon the rod. The strie are from 3p to 6p apart. Very
various interpretations of this appearance have been given
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It has been attributed to “an intermittent caleification ™ of
the enamel rod (Hertz), but is with more probability referred
to varicosities in the individual rods (Kolliker, Waldeyer). It
1s very marked in the enamel of the common rat, which shares
with that of other Muride the peculiarity of having the
individual rods almost serrated, those of adjacent erossing
layers being fitted to one another with great exactness. In
human enamel the adjacent rods, if 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

F1G. 16.—Isolated rod from the shell of Pirna, showing transverse striation
(photographed by Mr. Mummery).

case. 'Thus the “ decussation of the rods ”” seemed a plausible
explanation of this appearance of striation ; indeed, individual
rods do present an appearance of slight varicosities, repeated
at regular intervals. That the striation of enamel rods is due
to this cause is confirmed by Febiger, an American expert
in the resolution of diatoms, to whom enamel sections were
submitted for his opinion by Dr. Xavier Sudduth. That the
striation of voluntary muscle is due to such varicosities has
been strongly urged by Dr. Hayeraft (%), and this is confirmed
by Professor Ewald of Strasburg (), who finds that by pressing
musecular fibre upon a film of moist collodion that substance
reproduces the striation, and that by overstaining with silver
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nitrate, so that the fibres are rendered absolutely opaque, it
may be shown by reflected light, the surface appearing to be
made up of regularly recurring hills and valleys.

Von Ebner (%), however, holds that the eross strie are due
to the action of weak acid, and that the reason that they are
seen in dry sections is that the Canada balsam in which they
are usually mounted has a feeble acid reaction, and says that
a similar etched pattern may be produced by acids on some
erystals.

He does not, however, infer that the rods are therefore

F1G. 17.—Decaleified matrix of pinna shell.

necessarily erystalline, but only that there are physical
differences in their different parts; but this is controverted
by Leon Williams and others, who have found the strie
without acids or balsam being used.

Transverse striation apparently due to varicosities is also to
be seen in the rods of Pinna.

The comparison with the shell of Pinna must not be strained
too far. Nevertheless, the resemblance of this prismatic
structure to an enamel with rods on a bigger scale, is
sufficiently close to be in some measure instruetive, although
the tissue is composed of carbonate and not of phosphate of
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lime, and though nothing is known of its developmen:s. A
transverse section of pinna shell shows the pattern produced
by the approximation of the sharply defined rods, but it is
not possible to make out the existence of a cementing
substance.

But if a section be rubbed down and then fastened fo a glass
slide and subsequently decalcified in sitw, the rods wholly
disappear, the pattern being, however, still maintained by the
organi¢ honeycomb in which they lay, and by which, presum-
ably, their form was moulded. If a piece of human enamel be
similarly treated, nothing is left upon the slide, so that it is
certain that, whatever may have been the case during its
formation, when it is finished the organic mafrix is gone.
And here again the resemblance fails in many respects, for it
is probable thaf the organie mould is of a quite different nature ;
indeed, as will presently be seen, no thoroughly distinet
interstitial substance exists in enamel.

The recent researches of Leon Williams (1) have thrown
much light upon the structure of enamel, and illustrated as
they are by very beautiful and untouched photomicrographs,
must be accepted as, at all events, indisputable as respects
that which ean be seen, although exception might be taken to
his statement that photography ean show all that the human
eye can see. In a sense this is true, though, as Professor Sir K.

Schifer has said, it is with one’s finger on the fine adjustment

that, after all, the intimate structure of any tissue must be
unravelled. Still photographs have the unquestionable value
that, unlike a drawing, they cannot be strained to express the
preconceived ideas of the observer; on the other hand, high-
power photographs represent truly only one plane, and
appearances due to other planes out of foeus in the thickness
of the section oceur, to say nothing of diffraction errors which
may mislead. He completely demonstrates that enamel i1s a
solid tissue, that is to say, that the minute canals said by von
Ebner to be present in it have no real existence, and that this
observer is also mistaken in supposing that the striation is an
artificial appearance induced by reagents.

Leon Williams believes that the completed enamel rod is a
regular beaded caleified column, the beadings of which are the
cause of the appearance of striation, and that fhese beaded
rods are embedded in a matrix which fills up all the interstices,

C e I il bl
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is itself ecalcified, and does not differ much in refractive
index from the rod itself. The varicosity of the rods and
their consequent transverse striation is of variable distinctness;
it is least seen, according to Leon Williams, nearest to the
dentine.

The difficulty of deciphering the intimate structure of a
transparent caleified material is very considerable at best, and,
to borrow an illustration from Leon Williams, in enamel

Fig. 18 —Human enamel washed with dilute hydrochlorie acid (photeo-
graphed and prepared by Mr. Leon Williams). The beaded appearance
of the enamel rods is very clearly seen.

it is much as though we had made a complex pattern with
beaded glass rods, then embedded them in melted glass of a
lower melting point, and then set to work fo unravel the
pattern of the original rods.

According to this observer, each rod is composed of more
or less globular masses arranged at definite intervals and
united in their lengths by smaller rods or bands. The rods
thus built up touch, or almost touch, those around them, and
the interstices, sometimes smaller, sometimes [larger, are
filled in with the matrix material. The varicosities injthe rod
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lie in its length, and may be more or less fused together ;
those of one correspond with those of the next, and lie side by
side, and do not interdigitate with them. On the subject of
the ultimate constitution of enamel Leon Williams thus
expresses himself, “ The entire mass becomes so completely
calcified that in normal mature enamel there is left no trace of
organic matter. Only the original form remains duplicated in
mineral substances like a fossil.”

Such, then, are the most recent views as to the nature of
enamel, and they are confirmed by the action of orseille, a
stain which will eolour bone and dentine matrix without prior
decaleification, but which fails to impart the smallest tinge
to enamel.

But although both alike appear to consist practically of salts

Fi1e, 19, From human enamel, softened in chromic acid, until it was friable,
A. Longitudinal. DB. Oblique section.

alone, there seems to be a litile difference between the rods
and the interprismatie substance, which may be chemical or
may be merely physieal, for under the action of acids the rods
are at first rendered more distinct. Leon Williams believes
that the acid aets first upon the inter-prismatic material,
whilst other observers have thought the contrary; whichever
be true, it is certain that the first effeet is to render the rods
more distinet in outline.

A curious phenomenon, rather inexplicable in the light
of recent research, is sometimes, but not constantly, seen
when enamel is subjected to the action of weak chromic aecid
(25 per cent.): the striation is rendered very plain, and the
axes of the rods are dark and stained green by the reduced
chromium sesquioxide. But this appearance cannot always
be produced at will (Fig. 19),
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It has been already mentioned that the action of weak acids
is to render the rods more distinet, and the nature of their
union with one another and of the interstitial substance, if
there be one, has led to much discussion.

Bodecker (*), basing conclusions upon the examination of
thin sections stained with chloride of gold, held that enamel is
built up of columns of caleified substance, between which
minute spaces exist filled by a material which takes the stain
deeply. He states that it gives off exceedingly fine thorns,
which apparently pierce the rods at right angles to their length,
so that it forms a close network very intimately mixed up with
the caleified portion of the tissue.

It is not of uniform thickness, but is beaded, and Bodecker
attributes to it a role of far greater importance than that of a
mere cementing substance, for he regards it as being an active,
protoplasmic network, which renders the enamel much more
““ alive ” than it had hitherto been considered to be. He con-
giders it to become continuous with the soft contents of the
dentinal tubes through the medium of large masses of proto-
plasmic matter, which he believes he found at the margins of
the enamel and dentine.

On this Klein () remarks that, *“the enamel cells, like all
epithelial cells, being separated from one another by a homo-
geneous interstitial substance, it is clear that the remains of
this substanee must oceur also between the enamel rods; in
the enamel of a developing tooth fthe interstitial substance is
larger in amount than in the fully formed organ. It is im-
probable that nucleated protoplasmic masses are contained in
the interstitial substance of the enamel of a fully formed tooth,
as is maintained quite recently by Bodecker.”

Von Ebner ('), who has investigated the histology of enamel,
holds that there is an uncalcified cement substance between
the rods, which appears to be traceable into continuity with
Nasmyth's membrane, which latter, however, acids cause to
become detached, so that this continuity may be merely apparent.

Bodecker's views have, however, never obtained much
credence, and the result of Leon Williams's observations
seems to completely dispose of them, as also of those of von
Fbner, the appearances being explicable without the assump-
tion of the presence of a noteworthy amount of organic matter.
Many stains, and notably chloride of gold, will stain crevices
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even in mineral specimens, so that too much reliance must
never be placed on the results of the reactions of stains alone.
And the writer's own analyses, proving that there is no organic
matter or only the most minute trace of organic matter in
completed enamel, render it difficult to accept the existence of
a complete network (ef. p. 84).

In a more recent address Leon Willlams combats the
explanation offered by Walkhoff, that the double confour seen
in longitudinal sections is an optical effect, and reaffirms his
belief in an interstitial substanece between the rods, or ¢ fibres ”
as he prefers to call them.

In transverse sections he has photographed the rods as being
more round than hexagonal or pentagonal, so that there must
be interspaces of necessity, and his skill as a microscopist is
such that no one is less likely to be deceived in observation.
Yet such are the tricks that high powers may play in produe-
ing deceptive appearances of things which do not exist that a
shade of doubt must always remain. He holds, however, most
strongly that whatever is between the rods is caleified, and
does not contain organie matter in any quantity.

In fractured enamel, the line of fracture is said to run
through the centre of the rods, 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 very
rarely, quite parallel with the outer surface of the enamel, buf
which nevertheless preserve some sort of relation with if and the
surface of the dentine. These are known as the ““ brown strie
of Retzius,” and, as they coineide with what was at one time
the outer surface of the enamel cusp, are in some sense marks
of its stratification in its original deposition.

Von Ebner suggests that they are due to the entrance ot
air into spaces between rows of enamel rods, but this is strongly
controverted by Leon Williams, who not only denies the
existence of spaces into which air could enter, but has shown
with some degree of probability that they are due to a real
pigmentation, since they can be demonstrated on a section
which has never been allowed to dry. It has been recently
suggested by Zsigmondy (') that they are due to actual
imbrications of the ends of the enamel columns, being thus
produced by the grinding down of a longitudinal section.
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' There is another class of markings seen upon the surface of
- a section of enamel, known as “ Schreger’'s lines.” These

are dependent upon the different directions of contiguous
- groups of rods, and ean be seen by reflected light, when they
. appear as light bands, and by transmitted light, when they
" assume a black aspect.

F1g. 20.—* Enamel spindles,” which communicate with the dentinal tubes,

A few cavifies, or at least what look like cavities, of irregular
form often exist in the coronal enamel close to the surface of the
dentine, and the dentinal tubes sometimes eommunicate with
them. Hopewell-Smith calls them ‘‘ enamel spindles.”” Per-
haps these are to be regarded as abnormal, but they are not
uncommon, and are disposed with some regularity about the
marging of the apices of the underlying dentine cusps, as
shown in longitudinal sections. Romer says that they have

D.A. 4
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organie contents in the fresh state, and suggests that they
contain nerve endings. Bodecker, of course, regards them as
filled up by protoplasm. Walkhoff considers that prior to
enamel deposition the surface of the dentine is absorbed, and
that they are dentine tubes left unabsorbed—an unlikely
hypothesis.  Irregular fissures and spaces also oceur upon
the outer surface of the enamel, which also have no special
significance save, perhaps, as predisposing causes of dental
caries.

Tubular enamel.—In man, however, dentinal tubes may
occasionally be seen to enter the enamel, passing across. the
amelo-dentinal junction, that is, the boundary between the
two tissues, and pursuing their course without being lost in
irregular cavities. As was first pointed out by Sir John
Tomes, the passage of tubes continunons with the dentinal
tubes into and through a great part of 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 teeth of 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
jecent genera.

The enamel of the wombat is peculiar also in another
respect, in the fact that it is covered by a strong and remark-
ably uniform layer of cementum.

The penetration of the enamel by dentinal tubes is not,
however, a peculiarity quite confined to the marsupials, for it
is to be found in some rodents (¢.g., the jerboa), and in some
insectivores (e.g., the Soricide), and in many fish.

Waldeyer and Hertz doubt the passage of the tubes of the
dentine into the enamel ; as Kélliker 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 experimental
demonsiration, for if an acid capable of removing 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 putting the matter beyond
all possibility of doubt. The penetration of the enamel by
tubeg eontinuous with the dentinal tubes seems rather ecommon
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in fish ; these tubes in the enamel grow smaller as they leave
the dentine and do not reach the exterior of the enamel;

F1:. 21.—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 throngh about two-thirds of the thickness of the enamel (B)
in a straight course and without branches. Only a part of the whole
thickness of the enamel is shown in the figzure. C = an isolated tubule,

examples may be found in Serrasalmo, in the barbel and in
many extinet fish.
The tubes, probably, run in the rods and not between them,
though it has been stated by von Ebner that the tubes in
4—2
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marsupial enamel do not lie in the rods themselves but in their
interspaces, and he gives a figure of a transverse section in
which all but one of the tubes appear to do so.

Leon Williams has photographed some transverse sections
of marsupial enamel, in which three-fourths of the tubes
appear clearly to be in the substance of the rods. The
remaining fourth appear as though they were between them.
But it is @ priori highly improbable that they occupy both
positions, and a position within the rod is much more readily
reconcilable with the appearances seen in the development of
marsupial enamel (see p. 171).

Although it has been usual to speak of marsupial enamel as
penetrated by dentinal tubes, this is a somewhat improper use
of terms. The enamel has a tube system, and its tubes are
continuous with those of the dentine, but the tubes in the
enamel are wholly and entirely an enamel formation, derived
from fthe epiblast cells (see p. 175), which at the beginning
of enamel development join up with the ends of the dentinal
fibrils in the first-formed layer of dentine, or perhaps even
earlier with the odontoblasts, before the formation of any
dentine.

The penetration of enamel by tubes is met with in many
fish, and some instructive examples may be met with in the
sharks. In some fossil sharks and Ganoid fish, e.g., Lepidotus,
there is a vieh erop of tubes in the enamel which are continuous
with those of the dentine, becoming curiously curved as they
course through the inner half of the enamel, and lost before
they reach its surface.

Doubt has been expressed by Dr. Paul whether the author was
correct in deseribing the outer layer of the tooth of Lamna as
fine tubed dentine, it being, in his opinion, more like enamel.
Paul’s eriticism (*) led to an examination of the teeth of
Selachia which had unexpected results. (**)

It had not escaped the notice of older observers thaf fhe
outer layer of the teeth of some Ganoid and Elasmobranch
fishes differed from the more familiar dental tissues, and
special names were applied to if, such as Ganoin, Vitrodentine,
and Placoinschmelz, When it is thin, as in many rays, it
looks like an ordinary enamel, but when it is thick it diverges
beth from the ordinary types of enamel and of dentine.

Tt ¢3sembles enamel in that it almost completely disappears




THE DENTAL TISSUES—ENAMEL. 53

under the aetion of an acid, no coherent matrix being left ; it
is highly refractive, is very hard, and will not stain, remaining
white even when, under the influences of fossilisation, the
dentine matrix is stained dark brown by iron. If is not known
whether any analyses of it are available, but it is noticeable,
if it is wateched while dissolving in an acid, that while copious
bubbles ave given off from the dentine, very few come off from

F1G. 22.—Enamel of Lepidotus, a Ganoid fish existing from the Jurassic Lo
the Tertiary periods ; a small portion of dentine is seen at the bottom
of the figure.

the enamel, ‘thereby indicating that the latter is poorer in
carbonates.

On the other hand, it is penetrated for some distance (in
certain forms) by thin tracts of dentine matrix as well as by
tubes: a lamination parallel with the surface can often be
seen, a banded structure is visible in transverse section, and it
often contains interglobular or lacunar spaces unlike any
other known enamel. It thus participates in the characters
both of dentine and enamel, though inelining more towards
the latter, and its true position cannot be determined without
reference to its development, which it would be premature to
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deseribe here. It may, however, be mentioned that whilst it
is formed in a mesoblastic tissue, viz., the exterior of the
dentine papilla, the cells of the enamel-organ appear to take
an active part in its calecification, so thaf in its development
also it is intermediate between the two tissues.

In Galeus (one of the Lamnide), the surface of the dentine
is somewhat festooned towards the enamel ; the dentine is of
the osteodentine type (p. 97), and therefore not very richly
tubular, but some tubes do enter the enamel. Not only do
tubes enter the enamel, but by staining after slight washing
with acid, it may be shown that tracts of dentine matrix enter
with them ; this is common to all, but the depth to which

F1g. 23,— Tooth of Lamna. The outer layer, dark at its inner and trans-
parent at its outer portion, is enamel ; the centre core is dentine.

these tracts penetrate, and their size, vary in different genera
and families.

This at first sight would seem to lend probability to Dr.
Paul’s suggestion that the penetration of enamel by tubes
continuous with the dentinal tubes in marsupials and others
could be explained by the dentine matrix growing out into the
enamel, and so earrying tubes in between the enamel rods. But
as has been shown elsewhere (*), this explanation is not true
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as regards marsupials, seeing that the tubes in enamel appear
developmentally to belong wholly to the enamel (ef. p. 175).

Besides the tubes brought in from the dentine, the enamel
of Lamna has a rich tube system of its own, these tubes being
much coarser than the dentinal tubes, and about one-third
of the way through the enamel they communicate with
irregular lacunal spaces, a condition which has not been
noticed in other enamel. These are both numerous and large,
giving a confused appearance to this region ; beyond it the
tubes are continued on to the outer surface, near which there
is a more or less differentiated layer. In Galeus this outer
layer is much more distinct, and has every appearance of
parallel tubes running in from the surface like those of Sargus
(Fig. 28).

The varieties in the disposition of the tubes and of the

F1G. 24 —Enamel of Galens (one of the Lamnidea), showing penetration by
tubes running in from the dentine,

lacunal spaces are almost infinite, and it is only possible
here to instance a few; Jaeckel states that characters in the
dentine, and especially in the enamel, are constant for
genera or groups of genera.

A fossil shark from the London clay, not identified, is yet
more interesting. In this specimen (IFig. 25), the enamel is
quite white, but the dentine has taken a strong brown stain,
and shows clearly that the festooning of the dentine surface
is carried further than in FLamna, so that tracts of dentine,
their tubes going with them, enter the enamel for a greater
distance, somewhat less than one-third of thickness of this
tissue, which is three millimetres thick.

[Rose (%) argues against these tissues being regarded as enamel, and
claims that an exceedingly thin layer of real enamel does exist over
them as a glaze. My paper had not then been published, so that Rise
had not before him the considerations which it contains, and the two
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papers were so nearly contemporaneous that I had not seen his when
mine was first written, though it was published in time for me to refer to
and consider it in my paper lxz‘furr- its actual publication in the ** Philos.
Trans.” (®) AsI can only claim the tissue as an enamel on the balance
of considerations, and have presented facts which tell both ways, 1t
is possible that I may not have made a convert of Rise. But, on his
hypothesis, calcification ought to commence on the exterior and to
advance inwards, the calcification of the core of osteo- or trabeculo-
dentine only commencing when calcification has reached in to it. But
that is not the case (cf. p. 183): the first calcification is the border line
beneath this enamel layer, in fact, where enamel calcification ought to
commence if this line be the outside of the real dentine, as I hold it to

F1G. 25.-—Enamel of a fossil shark, not identified, from the London clay.
At the left-hand bottom corner is & small amount of dentine : at the
right upper side of the enamel is seen the distinet outer layer in which
there is an appearance of tubes entering from the surface.

be. And I do not attach much importance to double refraction as a test,
though when it is pronounced it is useful. In common with Rise
himself, I have often seen it in undoubted dentine, so that it is an
adjunct, but not an infallible test.

Of the disputed structure 1 wrote (foe, cit.) : *“It 15 seen to shine out
brightly under dark ground illomination, its refractive index bheing
high ; and it is doubly rvefiactive, though this does not stand for much, as
the osteodentine in Lamna is also doubly refractive, and with polarised
light shows a well-marked black eross intersecting the concentrie laminge
round each Haversian system. C.5.7T.]
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Whilst the tubes appear to run through the whole thick-
ness of the enamel they are larger near to the denfine and
again near to the surface.

The differentiation of an outer layer, already noted as
traceable in Lamna and (Galenus, 18 mueh more marked in
this London clay fossil; the figure, however, exaggerates it,
as it is from a photograph and the layer was yellower than
the rest of the enamel. Fine lacunar spaces exist along the

Fic. 26.—Enamel of Heterodontius (Cestracion); the lower part of the
figure consists of vascular dentine.
inner margin of this belt, which shows a fine striation
perpendicular to the surface. The thickness and distinctness
of this outer layer vary in different Plagiostomes, it being
quite absent in some of them.

Oecasionally the striation of this outer layer is of such
character that it has the appearance of tubes entering from
the free surface.

The outer surface of the tooth of the archaic existing
shark Heterodontus is very peculiar. The pattern looks like
fine tubes running in from the surface, upon which they
open with large mouths, and they are gathered into bundles,
so as to make, as they radiate inwards, a well-defined
pattern.
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Analogy, and its development so far as it has been studied
in somewhat imperfectly preserved material, lead to the
inference that this corresponds to the enamel of other
Selachia, and, possibly, only to the specialised outer layer
just desecribed.

Longitudinal sections of all these enamels show with
varying distinetness a lamination parallel with the surface.
Transverse sections show, in such as have been examined,
a peculiar structure of bands which leave between them
oat-shaped interstices; in these interstices are found to be
the prolongations of dentine matrix already deseribed. This

F1a, 27.—Transverse ground section of the enamel of Galeus.

structure is not found in any enamels or dentines hitherto
described. .

In Sargus, or the sheep’s-head fish, and in various other
fish, the enamel is penetrated by a system of formations which
are not continued out of or derived from the dentine, but
belong to the enamel itself.

These markings, as seen in the figure (Fig. 28), run af right
angles to the external surface of the enamel, proceed inwards
without branching for some little distance, and then, at about
the same point, bend abruptly at an angle, and give off
numerous branches. The meshwork produced by the crossing
of the tubes at all sorts of angles in the inner part of the
enamel 18 so complicated as to render it impracticable to
reproduce it in a drawing. That portion of enamel next to the
dentine 1s without any appearance of canals. Von DBoas (*),
deseribing similarly constructed enamel of scaroid fishes, says
that the canals open upon the outer surface of the enamel.

e _—
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Though they have every appearance of being tubes, it is
difficult to make coloured fluids enter them.

If a thin section be treated with dilute hydrochlorie acid and
watched during its action, short rods appear projecting from
the surface, but they soon dissolve away.

All these forms of tubular enamel, especially those in which
the tubes open on and enter from the surface, were very
unintelligible, as it was hard alike to see what advantage they
could eonfer upon their possessors, or how they were developed.
But if the author’s conelusions as to the development of enamel
(cf.description of development of marsupial enamel) be accepted

L enamel

|
i
|

dentine.

F1G. 28.—Enamel of the sheep’s-head fish (Sargus ovis).

The enamel is penetrated by a system of formations, probably tobes, which
enter from its free exposed surface, pass in for a certain distance in
straight lines, and then, abruptly bending at an angle, cross one another,
and produce a complicated pattern in the inner third of the enamel.

the difficulty of interpretation disappears. If all enamel in its
development passes through a tubular stage, then these are
merely arrests of complete development and perpetuations of
a stage which is transitory in placental mammals.
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CHAPTER IIL
ORTHO-DENTINE AND ITS VARIETIES.

Tue dentine constitutes the greater part of every tooth,
which thus, even after the removal of the other tissues, pre-
serves somewhat of its characteristic shape. Several varieties
exist in which those peculiarities of structure which
differentiate it from bone are less marked, so that a point is
sometimes reached at which it is hard to say whether a par-
tieular structure should more rightly be deseribed as dentine
or as bone. It will be most convenient to commence with a
deseription of that variety of dentine which differs most
markedly from bone, or, in other words, which has the most
typical * dentinal ”* structure ; and for that purpose the tissue
met with in the teeth of man and the majority of mammals
(though it is by no means confined to that class), and known
under the name of “hard” or * unvascular ” dentine, may be
selected. This may also be called ** ortho-dentine.”

Dentine is a hard, highly elastic substance, in colour white
with a slight tinge of yellow; it is to some extent translueent,
its transparency being often made more striking by contrast
with the opacity which marks the first advent of dental earies.
When broken, a silky lustre is seen upon the fractured sur-
faces, 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 deseribed as finely fibrous.

The mass of dentine consists of an organiec matrix richly
impregnated with calcareous salts ; this matrix is everywhere
permeated by parallel tubes, which radiate, with some minor
exceptions, from the pulp cavity towards the surface of the
tooth.

Chemical Composition.—The organic matrix of dentine,
after the removal of the lime salts by an acid, is a yellow
material of cartilaginous consistence, which when dried is not
unlike horn ; it is insoluble, and does not swell up in water,
but dissolves when submitted to prolonged boiling, and is in
fact converted into gelatine. It is similar to the substance
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obtained in like manner from bone, known as ecollagen, a
substance with a highly complex chemical composition.
Collagen.—The white fibres of connective tissue, and the greater part of
the organic matrix of bone, dentine and cementum, consist of this
substance. Chemieally it is nearly related to gelatine, of which it is
the anhydride. By boiling in water for some little time it takes up an
equivalent of water and becomes converted into gelatine ; conversely,
gelatine, by being heated to 130° C., may be dehydrated and converted
into collagen, thus,
Cltr‘l Hizm Ny U-:!n = H-z 0 = r'm-.- HL.m Nu Om.
(Gelatine) (Collagen)

Flastin is another albuminoeid substance which is abundant in ordinary
elastic tissue. It is very insoluble, but may be dissolved by concen-
trated sulphuric acid, or concentrated nitric acid, or hot caustic potash,
which, however, all decompose it. The linings of Haversian canals, of
the lacunge and canaliculi, and the sheaths of Neumann, to be presently
described, are probably composed of this substance. It contains no
sulphur, and thereby differs from keratine, which it in some respects
resembles. Though insoluble in any fluid which does not decompose
it, it is slowly digested by pepsin or by trypsin.

‘When the decalcified matrix of dentine is boiled so as to form
gelatine a small insoluble residue is left, and the same resulf
may be attained by treating dentine with an acid sufficiently
strong to bring the collagen into solution. A like effect is
obtained with bone.

This residue, which consists of a material singularly
resistant to the action of acids and alkalies, appears to consist
of elastin. In ivory, which is a highly elastic form of dentine,
the elastin amounts to about 27 per cent. of the dried deeal-
cified matrix, and it is, without doubt, as can be seen by a
microscopic examination of the residue above alluded fto,
derived from the immediate walls of the dentinal canals or
sheaths of Neumann, of which this residue wholly consists.

As has been already pointed out in the case of enamel, an
important error pervades the current text-book analyses of
dentine. The usual method of estimating the total salts is by
ignition, that is to say, after fully drying the tissue at 212° .,
by burning away the organiec matter, weighing the residual
ash which contains all the salts, and computing the loss as
organic matter. In this way from 69 to 72 per cent. of salts
1s generally found, and dentine is usually said to contain from
31 to 28 per cent. of organic matrix, the amount of the loss.

But if, instead of doing this. the lime salts are dissolved out
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and then the collagen dried and weighed, it will be found that it
falls far short of this, only amounting to about 19 per cent. of the
dried dentine. The cause of this diserepancy, which has been
long overlooked, is that dentine fully dried at 212° F still contains
something like 8 per cent. of water, which was held in chemical
ecombination with the lime salts, and can only be driven out at
red heat; in fact, the caleium phosphate, like any caleium
phosphate prepared by wet methods, holds in combination one
or more equivalents of water.

Thus fresh or wet dentine loses on drying at 212° I. about
10 or 11 per cent. of free water; the dried dentine, when
ignited at bright red heat, loses by decomposition of the
hydrated salts 8 per cent. more water. The composition of
dentine is therefore :

Fresh human dentine,—
Free water (which can be dried out at

212° F.) - : : : . 100

Dry dentine . : . . .. . 900

1000

. And of dried human dentine,—

Organic matter : ] 4 . ABH X

Combined water | : ; g i
Salts i : : Ty

1000

The proportion of salts to mg;mm matter varies widely in
different dentines ; thus elephant iv ory (of the tusks) consists

of—

Organic matter 340
Combined water 85
Salts , 575

1000

Whilst the dentine of an elephant’'s molar contains a pro-
portion of salts nearer to that of man—

Organic matter . : : . 210
Combined water ] . ! S Gy
Salts o : ; . < TD0

1000
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Subject to the above correction the following may be accepted
as giving the constitution of dentine.

Von Bibra (*) gives the following analysis of perfectly dried
dentine :

Organic matter (tooth eartilage) . 2761
Fat . : : A : . = 040
Caleium phosphate, and fluoride . 6672
Caleium carbonate . . i N HiBh
Magnesinm phosphate . : . 108
Other salts . : : . . 088
Von Bibra gives another analysis :
Cartilage : ; ‘ : . 2042
Fat . ; : . ; s ow  MDIEH
Balts . : : ; : . 100
Magnesium phosphate L )
Caleium phosphate, and fluoride . 67:54
Calcium carbonate . A EE L

And Berzelius (') gives:

(elatine and water : ; . 2800
Sodium salts . / ; . 1EH0
Magnesium phosphate . ; . 100
Caleium phosphate . : . . 6200
Caleium fluoride . : } . 2:00
Caleium earbonate . : . . bh0

Gallippe (%) gives :
Water and organic matter . . 25'29
Mineral matter, consisting of—
Soluble ash (alkaline chlorides,
and phosphates) . : . 054

Calcium carbonate . : 2 lE85
Magnesium earbonate : s =i
Caleium : ; 1 R L |
Magnesium : : - it 188
Phosphorie acid . ; . 2870
Bilicates . : . ] . 041
Undetermined : : e ey

The dentine of many mammals is very much richer in
magnesium phosphate than human dentine. Even the latter,
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it would seem, from the discrepancies existing befween
the various analyses, is variable in composition; but, on the
whole, it may be said that, amongst inorganie constituents of
dentine, caleium phosphate largely preponderates ; from 35 to
8 per cent. consists of caleium carbonate ; a much smaller
proportion consists of magnesium phosphate, while caleinm
fluoride exists in traces only.

Great discrepancies exist in the amount of earbonates
estimated, and this arises from the great practical difficulty
in making a quantitative analysis of small proportions of
earbonic acid in a substance of which only very small
quantities are obtainable, sources of error, which cannot be
eliminated, thus creeping in.

It was the opinion of Hoppe-Seyler that the salt which chiefly
hardens bone, dentine and enamel i1s a double salt, a com-
pound of three equivalents of ealcium phosphate with one
of caleium carbonate, comparable to the mineral apatite.

Bone Eﬂlﬁ, Gilg {PO,'.},E, Ca C'Da or C-Eim CO;]. (PU{}E-
Apatite, Cayg Fly (POy).
A variety of apatite, Ca;p Cla (POy)s.

For a discussion of the probabilities of this being the
case the reader is referred to Haliburton's * Physiological
Chemistry,” and to papers by the author in “ Journal of
Physiology,” 1896 (*), and “ Trans. Odontol. Soe.,” 1896 ().
The researches of Black (*), which have been in the main con-
firmed by independent analyses and of Gallippe (%), indicate
that the differences in the percentages of lime salts in various
human teeth have been over-estimated, and that there is but a
very small range between the most perfect and the most frail
teeth. DBut it is remarkable that the dentine of molars
contains a slightly higher percentage of salts than that of
incisors, the former containing 2 per cent. more: this was
indicated by the specific gravity experiments of Gallippe
and subsequently confirmed by the author’s analyses ().
Of the chemical constitution of the dentinal fibrils themselves
little is known, except that they have been supposed not to
consist of albumen, for, on treating pulverised dentine with
salt solution rendered alkaline with sodic carbonate, only *1 to
“T5 per cent. of albumen was extracted (**) by two independent
investigators. Still, this is not conclusive, as the comparative

D.A., o
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areas of the dentinal tubes and the solid matrix, as well as their
respective specific gravities are not known.

In the matrix of human dentine there is, under ordinary
circumstances, little, if any, structure to be made out ; but the
investigations of Howard Mummery have shown that in
caries of the teeth, which are then to some extent deealeified,
an appearance like connective tissue fibres can be seen in
the matrix, and indications of the same thing can also be
detected in some normal dentine.

This observation, which accords with the deseriptions by
von Ebner of a similar connective tissue in the matrix of
bone and of dentine, is strongly confirmed by what obtains in
some vaso-dentines. In this tissue the absence of a fine tube
system renders it mueh more easy to see the nature of the
mafrix, which, under the influence of weak decaleifying agents,
sometimes splits up into parallel fibres corresponding exactly
in size and direction to the bundles of connective tfissue
fibrils which oceur with complete regularity on the surface of
the pulp.

Of the matrix of hard tubular dentine, then, it may be said
that there is normally no visible structure, but that it some-
times breaks up in such a manner as to indicate that there
really is some trace left of connective tissue fibres which were
once present.

The action of aeids in decalcification tends to soften and
make the connective tissues generally swell up and become
less visible, hence the difficulty of establishing their
presence.

The Dentinal Tubes.—As has been already mentioned,
the matrix is everywhere permeated by tubes, the precise
direction of which varies in different parts of the tooth,
so that the following deseription of their course must be
taken as merely in a general way deseriptive, 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 outwards, in a
direction generally perpendicular to the surface, towards the
periphery of the dentine, which, however, it does not reach,
ag it bacomes smaller, and divides into branches at a little
distance beneath the surface of the dentine.

Near to the pulp they are so closely packed that there is little

it
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room betweeen 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 eurves both on a larger and a smaller scale. The
longer curves are less abrupt than the others, and are termed
the “ primary curvatures.” They are often compared to the
letter f, to which they bear a certain amount of resemblance,
and 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

H ; =
Fig. 29.—Dentine (4) and cementum (¢) of the narwhal, showing contour
lines due to rows of interglobular spaces.

most places at all events, an elongated spiral, as may be very
well seen in thick sections transverse fo the tubes; by altera-
tions in the focus of the high-power objective of the microscope
the appearance of the tube making a spiral turn is 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 ftransverse section of dentine is viewed, bands or
rings, coneentric with the pulp cavity, are seen, and the same
bands may be seen in longitudinal section. Such a striated
or laminated appearance in the dentine may be due to two
causes ; and some little confusion has arisen in the nomen-

0—2
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clature, owing to its double origin not having always been
kept in view. Such stri® may be due to the presence of
rows of interglobular spaces, or to the coincidence of the
primary curvatures of neighbouring dentinal tubes ; that is to
say, each tube bends at the same distance from the surface,
and the bend makes a difference in the optical properfies of
the dentine at that point.

Schreger deseribed these latter: * the lines of Sehreger,”
therefore, are markings, ranged parallel with the exterior of the
denfine, and are due to the eurvatures of the dentinal tubes.

The “ contour lines ” of Owen, even in his own works, include
markings of both classes : i.c., those due to the curvature of

Fia. 30.—Termination of a dentinal tube in the midzt of human dentine.

the denfinal tubes, and those due to laminz of interglobular
spaces, such as are met with in the teeth of Cetacea. Retzius
had seen and described contour markings due to inter-
globular spaces, though his name is not usually associated
with them.

Passing outwards the tubes often divide into fwo equally
large branches; they also give off fine branches, which anas-
tomose with those of neighbouring tubes. In the erown
of a human tooth these fine branches are comparatively few,
until the tube has reached nearly to the enamel, buf in the
root they are so numerous as to afford a ready means of dis-
tinguishing 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, however, itself frequently
divides and subdivides, its divisions pursuing a nearly parallel
course.

The tubes are subject to slight varicosities, and their course
is sometimes apparently interrupted by a small interglobular
space, as is to be seen in an extreme degree in the dentine of
the Cetacea.
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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
eonstitute the “ granular layer " described by Sir John Tomes,
while others again pass out altogether beyond the boundary
of the dentine and anastomose with the canaliculi of the lacunw®
in the cementum, when they exist in that tissue.

The enamel also may be penetrated by the dentinal tubes,
though this, when oceurring in the human subject, must be
regarded as exceptional and almost pathological in its nature
(see Fig.20). As has, however, been mentioned in speaking
of the enamel, in most of the Marsupials, in a good many
fish, e.g., Spherodus, Serrasalmo, Barbel, and in certain other
animals, it is a perfectly normal and indeed characteristic
occurrence, diffieult though it be to see how such a relation
of parts is brought about in the course of development of the
two tissues.

Dentinal Sheaths.—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. Examined with the microscope, this proves to be
a collection of tubes; it seems to be, in fact, made up of the
immediate walls of the dentinal tubes, the intervening matrix
having been wholly destroyed.

Two facts are thus demonstrated : the one that the tubes
have definite walls, and are not simple channels in the
* mafrix ; the other, that these walls are composed of some-
thing singularly indestruetible. Indeed, the walls of the
dentinal tubes are so indestructible that they may be demon-
strated in fossil teeth, in teeth boiled in caustic alkalies, or
in teeth which have been allowed to putrefy.

Although Kélliker was, perhaps, the first to deseribe and
fignre these isolated tubes, they are generally known 'as the
‘““dentinal sheaths of Neumann,” the latter writer having
more fully investigated and deseribed them. The precise
chemical nature of these sheaths will be more conveniently
considered under the head of calcification : similarly inde-
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structible tissues are, however, to be met with surrounding
the Haversian canals and the lacun® of bone. If was the
opinion of Neumann, as it was also of Henle, that the
dentinal sheaths are calcified ; but the proof of this is very
difficult, as they cannot be demonstrated, or isolated, to any
extent in dentine, unless it has been decalcified. Their
existence as distinet from the fibrils has been denied by
Magitot, Sudduth, and recently by Romer.

Transverse sections of dentine present fallacious appear-

.'I 5 .-I-i " 1 |
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Fig. 31.—Ground section of human dentine, which has been submitted to

the action of strong acids o0 as to isolate Neumann's sheaths by the
destruction of the intervening matrix.

ances, owing to the thickness of the section giving to the
tube a double contour which may be easily mistaken for a
special wall. Immediately round the opening of the eanal, or
“lumen,” as it is called, there is, however, generally a thin
vellowish Dborder, which may perhaps be the sheath of
Neumann. In the earlier stages of caries, before the dentine
is much softened, the walls of the canals become strikingly
apparent. But it must be remembered that the denfinal
sheaths can only be fully demonstrated by processes which
amount to a partial destruetion of the dentine, and that they
are therefore in some degree at all events artificial ; it may
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be that they have no real existence until they are displayed
more clearly by the action of these agents. If thaf is so, the
immediate surroundings of the soft fibril differ somewhat in
chemical constitution from the parts of the matrix which
are more remote, so that under the action of destructive
agents the matrix is split up into the sheathing layers
round the fibrils and the more soluble residuum of the
matrix.

Rose has succeeded, by Golgi's rapid method of nitrate of
silver staining, in rendering Neumann’s sheaths perfectly
black, a transverse section of dentine thus prepared reminding
one of the familiar tobacco-pipe appearance of dental caries,
only that the sections of tobacco pipe are black. As the
intervening matrix remains unstained, it is clear that

Fi1a. 32.—Transverse section of dentine, The appearance of a double
contour iz s0 much exagcerated as to make the figure diagrammatie,
but it fairly represents the contour shown by nigrosin staining.

Neumann's sheaths differ from it in the degree of calcifica-
tion, an interpretation which is borne out by the fact that
in a longitudinal section the youngest dentine layer so stained
is also intensely black.

If, prior to treatment by Golgi’s stain, the tooth be pre-
pared by the Koch-Weil method, the soft parts, including
the dentinal fibres, do not take the stain, so that in the
transverse section the fibril is seen as a bright point in the
middle of the black Neumann’s sheath. In longitudinal
section the black sheath is fringed all along the course of
the tubes by processes more or less bridging across to the
next ones, but the dentinal fibrils have not been demonstrated
in these branches.

Rése concurs in deseribing Neumann’s sheaths as especially
resistant to acids and also to caries; hence the distinctness
of the “ tobaeco-pipe appearance.”

The aunthor has suecceeded in satisfactorily staining them
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by means of nigrosin ; a preparation so treated would resemble
Fig. 32, save that the opening of the tube would be light, and
be surrounded by an intensely black border in place of the
light one of the figure.

Dentine would thus be considered as a tissue made up of
a caleified matrix, resembling that of bone, permeated by
the soft fibrils, just as bone is permeated by canaliculi with
soft contents, but having this peeuliarvity, that the latest
formed portions of matrix, namely, those immediately
embracing the fibrils, differ sufficiently from the bulk of
the matrix in chemical constitution to enable them to be
1solated as sheathing tubes, or to be stained in situ.

Dentinal Fibrils.—The canals which everywhere per-
meate the dentine are not empty, a fact which might be
inferred from the difference in translucency and general
aspeet of dry and fresh dentine, whether seen in mass or in
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F1G. 33.—Transveree section through the tooth of a hedgehog stained with
gold chloride. Bemi-diagrammatic (Marett Tims).

thin section ; neither are they, as was at one time supposed,
tenanted merely by fluid. This is well seen in the accompanying
figure (Fig. 83).

Tach canal is ocecupied by a soft fibril, which is continuous
with a cell upon the surface of the pulp (odontoblast); the
exigtence of these soft fibrils was first demonstrated by John
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Tomes, who thus, to use the words of Waldeyer, “ opened the
way to a correct interpretation of the nature of the dentine.”

Henle, in his “ Allgemeine Anatomie' (1841), a translation of a
- portion of which is to be found in the “ Archives of Dentistry " (1865),
figured and described projections from dentinal tubes. These he
described as caleified 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 calecareous matter, and alludes to fluids entering it by capillarity ;
and lastly, he says nothing whatever of the connections of the pulp with
the tubes.

Miiller (as translated in Nasmyth on the “ Structure of the Teeth,”
1839) says, *“In breaking fine sections of the teeth perpendicularly to
the fibres, I have frequently seen the latter projecting a little at the
fractured edge. In such cases they are quite straight and not curved,
and seem to be not at all flexible. Hence it follows that the tubes have
an organised basiz, a membrane, and that this 1s stiff and brittle, and
probably saturated with caleareous salts, but weak and soft in a decalcified
tooth.”

The whole importance of Sir John Tomes’ discovery lay in the fact that
dentine iz permeated by soff, uncaleified structures ; and what is yet
more significant, that these soft fibnls, permeating the hard dentine,
proceed from the pulp. In no sense, therefore, did Henle anticipate
this discovery.

In 1854 Lent figured processes from the odontoblasts which he con-
ceived to be concerned in the formation of dentine; but in the earlier
editions of the * Histology ™ of his friend and teacher, Professor Kélliker,
although Lent’s discoveries are described and adopted without reservation,
no mention of the real structure of dentine occurs. In a later edition,
however, Professor Kolliker says, “ After Tomes had deseribed a soft
fibre in each tube, I fell into the mistake of supposing that these fibres
and the tubes were one and the same.”

The circumstances under which the dentinal fibrils ean or
cannot be discovered are said to be as follows, and may be
taken as indications of a distinetion between the dentinal
fibrils and the dentinal sheaths :—

If a tooth section be submitted to the action of a caustic
alkali and boiled in it, or be allowed to completely putrefy, so
that the soft parts are entirvely destroyed, the dentinal sheaths
can still be demonstrated, but the fibres can in no way be
brought into view (Killiker). The dentinal sheaths may be
demonstrated also in fossil teeth, as has been shown by
Hoppe (*") and others.

In fresh dentine every odontoblast sends a process into the
dentinal tubes (Tomes, Kolliker, Lent, Waldeyer, Neumann),
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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 decaleified
dentine the fibrils may be recognised in situ (Kolliker).

The contrast between the dentinal sheaths and the fibrils is
this :—The sheaths are very indestructible, and can be demon-
strated in teeth which have undergone all sorts of change;
the soft fibril is no longer demonstrable when the tooth has
been placed in cireumstances which would lead fo its soft
parts perishing. In dentine, then, there exist (i.) a matrix
permeated by canals; (ii.) soft fibrils contained in these canals,
or ““ dentinal fibres ” ; and probably also (iii.) special walls to
these canals, or “ dentinal sheaths ”; and it now remains to
congider these in further detail.

In sections of small fragments of denfine taken from the

F1a. 34.—8ection of dentine from the edge of which hang out the dentinal
sheaths, and beyond these again the fibrils (after Boll).

edges of the pulp cavity and including the surface of the pulp,
the dentinal fibrils may be seen stretching from the cells of
the superficial layer of the pulp (odontoblasts) into the
dentinal tubes, as owing to their being extensile they may be
stretched or drawn out from the tubes for some liftle distance
without being broken across. In the same way they may be
seen strefching across like harpstrings 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 decalcified
dentine. When stretched to a considerable extent their
diameter hecomes diminished and they finally break, a sort of
bead sometimes appearing at the broken end (J. Tomes). This
would seem to indicate that the substance 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 Figs. 33 and 35 in
which many are attached to the odontoblast cells.

Modern methods of histological research have made the
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demonstration of the fibrils, which are continued from the
odontoblast cells and enter the dentinal fubes, an easy matter ;
they are of some size, and, judging from appearances, are
pretty firm in consistence, as they look somewhat stiff where
they are seen projecting from the surface of a torn-away
pulp.

They stain very readily with hematoxylene, gold
chloride, &ec., and many other stains are slightly taken by
them. Another easy method of staining the fibrils is fo treat
the pulp with a salt of iron followed by tannin, of course after
a thorough washing.

The dentinal fibril is capable of being stained with carmine ;
in young dentine it is more easily stained, especially near the
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F1G. 35.—Surface of the pulp with the odontoblast layer in sifu. The
dentine fibrils pulled oot of the dentinal tubules hang like a fringe
from the odontoblast layer; dentine fibrils are also scen hanging out
from the edge of the dentine, to which, to the right of the fizure, a few
odontoblasts remain attached,

pulp cavity, and the following figure (Fig. 36) is taken from
such a section of dentine from a partially-developed human
incisor. The matrix is slightly stained with the carmine,
indicating that it has not yet beecome 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 dentinal fibrils in situ. The author has observed
precisely similar appearances in the thin young dentine of
calves’ and pigs’ teeth; Kolliker also mentions that the
dentinal fibril may be recognised in situ in transverse sections
of fresh dentine.

Baodecker finds that the dentinal fibrils stained darkly with
chloride of gold, when viewed in transverse sections under a
magnifying power of 2,000 diameters, do not appear round
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but somewhat angular, and give off tiny lateral offshoots
which seem to penetrate the dentine (See Fig. 36). In the
matrix itself there is an appearance of a faint network when
it has been stained with gold, and from this Bodecker infers,
though probably erroneously, that the dentine is penetrated
everywhere by a network of living plasm, derived from, though
far finer than, the dentinal fibrils. (Cf. results of Golgi's
gtain, p. 71.)

Probably the angularity of the fibril, which, as figured by
him, is much smaller than the canal, is due to its having
shrunk under the action of chromic acid or some such reagent.

According to Neumann, in old age the fibrils atrophy or
become ecalcified ; some observers have failed to detect them
near to the periphery of the dentine, far away from the pulp

Fi1a, 36.—Transverse section of dentine ; in four of the dentinal tubes, the
dentinal fibrils, deeply stained with carmine, in the preparation from
which this figure was drawn, are seen. The fibrils are somewhat
shrunken, owing to the actien of the glycerine in which the section is
motnted.

cavity. But here they would naturally be more minute, and
it is more probable that the manipulations had failed to
demonstrate them than that they were absent, for Bidecker
has traced them to the very periphery of the dentine.

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 if.

Dentinal fibrils were demonstrated in the IHeptilia and
Amphibia by Santi Sirena and by the author; and also by
the latter in the few fish examined with that purpose.

Of their real nature some doubts are entertained ; they are
certainly processes of the odontoblasts, and their substance
seems identical with that of the protoplasm of the cell, for
they are of tolerably large size, and are larger at their
origin than at their terminations. According to Hopewell-
Smith (%) the odontoblasts vary considerably in size, those in
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the coronal part of the pulp of a fully grown tooth measuring
25u to 30p in length, and about 5p in breadth. Nerve end
organs in the ordinary sense of the word they are not; but
there are many examples of cellular structures which are
connected 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 stand in
gsome such relations to the nerves of the pulp.

Coleman once suggested that it was possible that the odontoblasts

might have some tactile function, and Hopewell-Smith (?) points out
their resemblance to multipolar ganglion cells of the spinal cord.

Fig. 37.—a. Dentinal fibrils. ?. Amorphous matrix, ¢. Odontoblasts.
d. Nuclei of odontoblasts. e. Stellate cells. f. Nerve extremities
which are continnous with the branched cells. After Magitot.

According to Magitot the nerves of the pulp become continuous with a
layer of reticulate cells which lie beneath the odontoblasts; these
communicate freely with the processes of the odontoblasts, so that there
is a very direct chain of communication between the dentinal fibril and
the nerves of the pulp. Magitot speaks very positively as to the accuracy
of his views, which as yet, however, have not been confirmed by other
investigators (Fig. 37).%

Yet another view of the nature of the dentinal fibril is advocated by
Klein (", p. 183), who holds that the odontoblasts are concerned only in

* An objection has been urged against the view that the prolongations from
the odontoblasts into the dentinal tubules (the dentinal fibrils) have any
sensory, i.e., nervous, function, on the ground that the odontoblasts are of
mesoblastic origin, whereas the nervous system as a whole is derived from
epiblast. There is, however, a tendency at the present time to lay less stress
than formerly on the three germ-layer theory. It is therefore possible that in
future this objection may lose some of its force.—Ebs,
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the formation of the dentine matrix, and that the dentinal fibrils are long
processes of the deeper cells in the above figure, which run up between
the odontoblasts and enter the dentinal canals.

In a later paper ('?) Magitot also impugns the accuracy of the views
ordinarily accepted as to the structure of dentine, denying the existence
of any special walls to the tubes, and further arguing that it is undesirable
to think or speak of the channels in dried dentine as tubes at all. For,
he argues, they are not tubes in the fresh state, seeing that the fibrils are
adherent to the matrix and form a part of it, and that they were
originally precisely the same tissue. ITe would prefer to speak of dentine
as being a fibrillar tissue included in a hard and homogeneous matrix.

F1G. 38.—Section showing non-medullated nerve fibres passing from the
pulp between the odontoblasts and entering the dentinal tubules. From
Mummery’s paper from British Dental Journal, October 1, 1913.

In this opinion Magitot does not stand alone: Xavier Sudduth
does mot believe in the existence of u specialised sheath, and
Rimer () also holds strongly that the processes of the odontoblasts
constitute the whole contents of the dentinal tubes, .., that they lie in
canals in the dentine matrix, which have no special walls. According to
him, therefore, the residue left after the destruction of the matrix by
strong acids (Fig. 31) consists of the processes of the odontoblasts and of
these alone.

These views, however, do not differ substantially from those in the
text, save that Magitot does mnot recognise the existence of that
transitional tissue which others believe to be there, and call the sheaths
of Neumann.

The balance of evidence is against this view of Magitot and Sudduth.

.
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If they were right one would have the anomaly of sensation being
conducted by a material so indestructible by acids as to have departed far
from the protoplasmic condition which is associated with functional
activity, unless the penetration of actual nerve fibres, be admitted.

Both Morgernstern -and Romer believe that non-medullated
nerve fibres pass from the pulp into the dentinal tubes, and
end in the *enamel spindles,” and Howard Mummery (**)
is of the opinion that, as they approach the plexus of Raschkow,
the nerves of the pulp, passing between and around the
odontoblasts, form a narrow marginal plexus from which they
extend, as non-medullated fibres, into the dentinal tubes, and
accompany the dentinal fibrils to their terminations beneath
the enamel or cementum (Fig. 38). The observations of
Mummery appear to receive confirmation in a recent paper
by Deppendorf (7).

Mummery’s iron preparations clearly 3hﬂw that fine fibres
traceable into connection with indisputable nerve bundles
deeper in the pulp do run out straight towards the dentine
and right up to it as though they entered it, which, perhaps,
they do. '

In this connexion the very remarkable specimens of Dr.
Dentz, of Utrecht, may be mentioned. "These, which were cut
from embryos, when about half the thickness of the dentine
was formed, show pear-shaped bodies arranged with regularity
a short distance within the border of the dentine, the smaller
ends being directed towards the pulp, and their large ends
connected with one or more denfinal tubes. These pear-
shaped bodies have two or three large nuclei, and present
a close resemblance to some forms of nerve-end organs.

Amongst many diffieulties as to their interpretation is the
fact that the examination of a large number of sections of dry
deciduous teeth has quite failed to reveal the spaces which
might have been expected to have contained them, and their
rﬂla.twely large size (33 of an inch) would render the spaces
conspicuous.

The observation of Boll is also very suggestive. He found
that by treating a perfectly fresh pulp with } per cent. solution
of chromic acid an immense 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
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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.

There can be no question that the sensitiveness of the
dentine is due to the presence of soft organised tissue in the
tubes, and is not a mere transmission 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 con-
ducted to the pulp; moreover, it is within the experience of
every operator that after the removal of a very sensitive layer
of caries, an area of dentine is reached, which, though nearer
to the pulp, i1s far less sensitive, a condition quite inexplicable,

——

F1G. 39, —Dentinal tubes terminating in the spaces of the granular layer.

except upon the supposition of a different local condition of
the contents of the tubes.

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 fineness
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 among the most
difficult substances conceivable for the demonstration of fine
nerve fibrils.

Interglobular Spaces.—In the dentine which underlies
the cementum an immense number of these spaces exist,
giving to the tissue, as seen under a low power, an appearance
of granularity and constituting the “ granular layer” of Sir
John Tomes. On account of the greater abundance of these
spaces in that situation, they are more evident beneath the
cement than beneath the enamel, and many of the dentinal
tubes appear to terminate in them.

P
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Although the name *interglobular spaces” is strietly
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 enamel, are often to be seen,
particularly if the section has been made from a brownish,
imperfectly developed tooth.

The spaces have a rounded outline, furnished with short
pointed processes, and in favourably prepared sections it

Fia. 40.—Interglobular spaces in dentine.

may be seen that their outlines are formed by portions of the
surfaces of closely apposed spheres, and globular contours may
often be detected in the solid dentine near to them, as is shown
in Fig. 40, taken from a section boiled in wax in order to
render it very transparent.

Although these large spaces are very common, they are not
universally present, or at any rate they cannot always be
demonstrated. They are perhaps not to be regarded as
perfectly normal, but arve rather indications of an arrested
development at that spot. The oceurrence of globular forms
during the early stages of calecification will again be alluded to
in eonnection with the development of teeth; buf although
the term “ interglobular ” is thus strictly applicable, the use
of the word “spaces” is not so correct. In dry dentine it is

D.A. ]
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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 often having the structural arrangement of the rest
of the matrix, or else consisting of soft plasm ; in the former
case, the dentinal tubes pass across and through it without
any interruption or alteration in their course. This fact, as
well as the softer nature of the eontents as compared with the
rest of the dentine, is well illustrated by a section in the author's
possession which was taken from a carious tooth, near to the
affected surface. In this the bacteria had effected an entrance
into some of the tubes, giving to them a varicose or beaded

Fie. 41,—Section of carious dentine, in which some of the tubes are
enlarged by the ingress of organisms, which have developed with
greater freedom in one or two of the tubes where they cross the inter-
giobular spaces.

appearance, and causing their enlargement. DBut when the
micro-organisms reached the interglobular space, the less
amount of resistance, or possibly the more favourable pabulum
accessible, led to their more rapid development, so that the
tubes within the confines of the space are many times more
enlarged than those outside; nevertheless the continuity
of the tubes across the space is well demonstrated by the
multiplication of miero-organisms having followed them with
exactitude,

It sometimes happens that indications of spherical forms
with faintly discernible contours resembling those of the
interglobular spaces may be seen in dried sections, in which
no actual spaces oceur. The appearances are perhaps
produced by the formation of an interglobular space, the
contents of which have subsequently become more or less
perfectly caleified. The term *“areolar dentine” formerly
applied to this is falling into disuse, although it can very well

e et e — i .
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be applied to one form of adventitious dentine, the outecome of
dental caries.

Globular forms, showing concentric lamination like an onion,
are very distinet in the outer part of the dentine in some fossil
reptiles. (Credner, %)

The exact nature of the contents of the interglobular
spaces is nobt very certain; they may easily be tinted by
earmine, and it is said that they may, like the dentinal sheaths,
be isolated by the destruction of the rest of the matrix in acids.
Like Neumann's sheaths, they take a deep black stain with
(rolgi's process.

Bodecker says that there is soft living plasm abundantly
distributed in the smaller interglobular spaces which con-
stitufe the granular layer, and that this is in very free com-
munieation with the soft fibrils in the tubes on the one side
and with the soft contents of the lacunz and canaliculi of
the cementum on the other.

Varieties.,—In the dentine so far deseribed, which is that
variety known as hard or unvascular dentine (ortho-dentine),
some degree of nutrition is perhaps provided for by the
penetration of the whole thickness of the tissue by protoplasmie
fibres, the dentinal fibrils; but this nutrition may be effected
in a different way, and there are other varieties of dentine
known in which dentinal fibrils have never been shown to exist.
For deseriptive purposes the author would classify dentines as :

(1.) Hard, unvascular, or ortho-dentine.
(ii.) Plici-dentine.
(i11.) Vaso-dentine.

(iv.) Osteo-dentine.

Another classification has been proposed by Rise, to which fuller
reference will be made at a future page. He does not recognise
plici-dentine as a variety, and proposes the term trabecular dentine
instead of osteo-dentine (see p. 102).

Of these ordinary hard dentine has been sufficiently deseribed.
Plici-dentine.—This is a variety of hard dentine, not very
distinet in its essential nature, though at first sight widely
dissimilar. In ordinary dentine the dentinal tubes radiate out
from a pulp and pulp chamber of simple form. If that form
is rendered complex by foldings of its walls, the dentinal tubes
still running off at right angles to that portion of the pulp to
6—z
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which they immediately belong, a * plici-dentine " results. It
18 merely an ordinary dentine with its pulp folded up and
wrinkled into a greater or less degree of complexity.

F1a. 42.—8ection of plici-dentine with the pulp in sifu (Lepidosteus).
a. Prolongation of the pulp. p. Connective tissue framework of pulp.
d. Dentine.

In the teeth of Varanus (monitor lizard), or of Lepidosteus,
for example, 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

Fig. 43.—Transverse section across the crown of the tooth of Varanwes,
near to its base. The central pulp cavity is produced outwards into
processes, and it might be said that the dentine is arranged in plates
with some little regularity round its periphery.

a single central pulp eavity, is formed. But in the lower part
of the tooth slight longitudinal furrows appear on the surface,
which, on transverse section, are seen to correspond to involu-
tions of the dentine ; the dentine is, as it were, in folds. The
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pulp on section might be compared to a paddle-wheel, the
floats on which correspond to the thin flat radiating processes
of the pulp; but as vet the central axial pulp chamber is
unaltered. In Lepidostens (the North American Gar-pike), a
little lower down, as represented in Iig. 44, there 1s no longer
a central simple pulp chamber; the inflections round the
periphery have become relatively much deeper, and the centre

ANy
Fiag. 44 —Transverse section across the base of a tooth of ZLepidosteus

spatula. At the exterior are regularly disposed radiating plates of
dentine, each with its own pulp cavity, while the central area is com-
posed 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 made dark in the figure for the sake of greater distinct-
1EeES,

of the tooth is occupied by a tissue irregular, but not otherwise

unlike the dentine of Myliobates (cf. p. 88); that is to say,

there are a number of columns of pulp, each of which forms

an 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 not always remain
single ; they may divide simply into two branches, as may
be seen in the section across the base of the tooth of
Lepidosteus ; or sometimes there are several branches.
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In Lepidosteus oxyurus there are simple inflections, and a
central pulp cavity ; in L. spatula the inflections are branched,
and the central pulp cavity all filled up.

In the foregoing figure of the base of a tooth of Lepidosteus
some few of the outrunning pulp chambers are seen to be
bifurcated, while the central mass of the tooth is composed of
dentine permeated by pulp eanals which pursue a longitudinal
course. A slight further modification leads up to the com-

T

F1G. 45, —Transverse section of a tooth of Labyrinthoden. (After Owen,)
The letter a is placed in the centre pulp chamber ; the letter & marks the
lines of separation between the systems of dentinal tubes which belong
to each lamina of pulp: these lines of demarcation were formerly
supposed to be occupied by cementum.

plicated structure of the dentine of Labyrinthodon, in which a
maximum of complexity is attained, although the clue to its
intimate struecture is afforded by the teeth of Varanus or of
Lepidosteus.

The laming of pulp, with their several systems of dentinal
tubes, instead of passing ouf in straight lines like the spokes
of a wheel, pursue a tortuous course as they run from the
small central 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 radiating pulp ehambers
are mere fissures) become dilated ; so that on section ecircular
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canals are seen at these points, as is also the case ab the points
where subsidiary processes branch off.

The wavy course pursued by the radiating plates of dentine,
and the disposition of the tubes round the dilated portions of
the pulp chamber, render the general aspect of the dentine
structure very complicated; the several “systems™* are
united to one another by an inosculation of the terminal
branches of the tubes in some few places, but more generally

F16. 46.—From tooth of Labyrinthoedon, showing the nature of the connec-
tion between the contiguous dentinal systems. « and b as in previous
figure. (After a drawing by Sir John Tomes.)

by a clear layer containing radiate spaces, something like the
lacung of cementum. Hence Professor Owen has described the
tooth as consisting of radiating plates of dentine, between which
equally convoluted plates of cementum penetrate. But, as was
pointed out by Sir John Tomes (*¥), the mere presence of lacuna-
like spaces is not sufficient to prove the presence of cementum,
inasmuch as they oceur on a small scale in the granular layer
of dentine. Moreover, when cementum and enamel are both

* The term *“dentinal system® is applied to the portion of dentine in
which all the tubes radiate from a single section of pulp chamber ; thus the
tooth of Labyrinthedon is made up of many dentinal systems; the same may
be said of Mylichates.
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present, the cementum is always outside the enamel, whereas
at the upper part of the tooth of the Labyrinthodon the
characteristic inflections take place within a common invest-
ment of enamel which is not involuted. Thus the whole of the
tissue constituting the very complex pattern of the Labyrin-
thodon tooth is dentine, and the cementum does nof, as was
usually supposed, enter into its composition at all.

So far the foldings have been lateral, and in many cases the
tip of the tooth was a simple cone without any foldings.
There is another kind of dentine which has much in common
with these plici-dentines, but which is a litfle more difficult to

F16. 47.—Transverse section of the dentine of Myliobates.

classify. This 1s found in the teeth of the Cape ant-eater
(Oryeteropus); in the teeth of Myliohates, a large ray; or in
the teeth of the rostrum of the saw-fish (Pristis).

In the Myliobates (I'ig. 47) the flat pavement-like tooth is
permeated by a series of equidistant, parallel, straight canals,
running up ab right angles towards the surface, from the upper
end and sides of which, systems of dentinal tubes radiate, just
as the tubes radiate from the single pulp chamber of a human
tooth, save that they run for a comparatively short distance.
In transverse sections the tubes are seen radiating from these
canals, and at their terminations sometimes inosculating with
the terminal branches of the tubes of another system. The
channels contain prolongations of the vaseular pulp, which are
distinet in the upper part of the tooth, but become intimately
united together at its base, where the disposition of the
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channels ceases to be regular, and, as a consequence, the
systems of dentinal tubes pass from them in various directions
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 canals would
be laid open, were it not that they become blocked by the
deposition of a transparent homogeneous tissue within them,

F16. 48.—Longitudinal section of lower incisor of Galeopithecus.

resembling the similar tissue which closes the Haversian
canals of an antler about to be shed.

Instead of being regarded as a plici-dentine, such a tooth
might be said to be built up of a series of small, parallel, fused
denticles, or exceedingly broadened and fused cusps. Without
attaching too much weight to the comparison, if we imagine
the comb-like tooth of Galeopithecus, a lemurine animal, to be
devoid of enamel, and the cusps to be squeezed together into
lateral econtact, we should have a structure closely resembling
a single row of the denticles of Myliobates.

The point which it i1s wished to emphasise is that the
dentinal systems in the latter are of the ordinary type of
a fine-tubed or ortho-dentine, and it is only in the manner of
their aggregation that they come to present a very different-
looking structure. Hence any classification which removed
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such a dentine far from an ortho-dentine would appear to be
misleading. The arrangement of the tubes in Pristis is, how-
ever, a little different: they are fewer and are more branched,
and do not fill up the periphery of each system so completely.

Vaso-dentine.—In dentine,as so far described, the existence
of a system of fine tubes—dentinal tubes—has been the most

Fig. 49.—Bection of dentine from a freshly caught hake. d. Dentine
matrix, ep. Capillary chanpels with blood vessels hanging out from
the edge, containing here and there abundant blood eorpuseles.

conspicuous feature, but there are tissues equally entitled to
be called dentine in which no such tube system exists at all.

Fia. 50.—Tooth of Ostracion. a. Enamel. 5. Capillary channels in the
dentine. ¢. Pulp chamber.

But, as it would seem necessary that some living material
should permeate any tissue which is for any length of time to
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be retained in close connection with the rest of the organism,
these dentines are not solid, but are permeated by a much
larger tube system, the canals being in this case channels
in which blood ecirculates through capillaries, so that during
the life of the animal the teeth look quite pink, and in a
section cut from the fresh tooth the coats of the capillary

F16. 51.—Hinged ftooth of hake. a. Vaso-dentine. &. Pulp. ¢ Elastic
hinge. d. Buttress of bone to receive £, formed out of bone of attach-
ment, e Bone of jaw. f. Thickened and rounded free base of tooth.
¢. Enamel tip.

may be seen to hang out from the edge, and the vessels to
be full of blood corpuscles (Fig. 49). The arrangement of the
vascular eanals is regular and striking, reminding one of the
appearance of the vessels in an intestinal villus: in fact, an
intestinal villus petrified, whilst its capillary network remained
pervious, and red blood continued to ecirculate through it,

would form no bad representation of a typical vaso-dentine
tooth.
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In all the vaso-dentine teeth with which the author is
acquainted, the pulp chamber is of simple form, so that the
conical pulp can be pulled out, and no tissue, or next to none
save the blood vessels, enters the canals, which are therefore
of almost uniform diameter, and each capillary almost or quite
fills and fits its canal.

The matrix does not present a very definite structure,
though there is generally some appearance of lamination
parallel with the surface, and what has just been said with
reference to the camnals requires modifieation in so far as
there are, in dry specimens, slight narrow spaces, thorn-like in

Fie. 52.—From the tooth of the hake. The thorn-like processes are seen,
as also a faint lamination of the matrix.

section, which run from the ecanals between the lamin®
(Fig. 52).

These are not present in all vaso-dentines, but may be
found in a good many, as, for example, in the hake, from
which the figure has been drawn.

Itise describes the outer part of the hake’s tooth, beyond the vascular
loops, as vitro-dentine. But the author does not find that the dentine
here differs either in the manner of its development or in its ultimate
strueture from the dentine which intervenes between the vaseular loops,
and hence to give it a distinctive name is unneeessary and misleading.
The outer portion of a cod’s tooth 1s more distinet in structure, but its
character is mot such as to lead one to apply the term vitro-dentine
to it.

As a rule the vascular canals do not extend quite out to the
surface, but terminate sometimes in a bounding ecanal, and
sometimes without one, at a very definite distance within the
surface (Fig. 53) ; this perhaps represents the original limit
of the capillaries in the formative pulp. DBut however that
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may be, the structure of the matrix outside them is, in some
examples, very interesting in view of recent investigations into
the development of dentine.

This outer layer looks exactly like a caleified connective
tissue which has preserved all its form, and it is not obscured
by the oceurrence in it of any tube system, interglobular spaces,
or other structures.

Such in brief are the characters of a typical vaso-dentine,
but there are vast numbers of forms of this tissne which serve
to bridge over the gap which would seem to exist between it
and hard dentine. Thus in the conical teeth of the flounder,

Fi1g. 53.—Tooth of flounder. a. Hard dentine. & Vascular canals.
¢. Enamel tip. For other examples of vaso-dentine, see the figures of
the teeth of (hefodon (Fig. 149, p. 200), of Odentestemus (Fig. 131,
p. 2561), ete.

and indeed of many flat fish (Pleuronectide), the tips of the
teeth are composed of ordinary fine-tubed dentine, surmounted
by enamel tips. Inthis part of the tooth the tubes radiate out-
wards in the ordinary way from the pulp chamber, and are
both numerous and regular, but lower down in the tooth the
dentinal tubes become less numerous, and pari passu with their
diminution, vascular canals begin to make their appearance
till, as the base of the tooth is reached, tolerably typical
tubeless vaso-dentine is found.

It may be supposed, therefore, that the two sorts of tubes are
capable of taking the place of one another, and that the
nutrition of the dentine may be provided for either by proto-
plasmic material ranning for a long distance from the pulp
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through dentinal tubes, or by blood brought nearer to hand
by the vessel-carrying eanals, but that both are not required,
and so do not co-exist in full development.

But from the flounder’s tooth it may be learnt that hard
dentine and vaso-dentine are not fundamentally dissimilar,
and that they may pass into one another by imperceptible
gradations, so that it cannot be said exactly at what point the
name of vaso-dentine is to be given to it. And within the
limits of a single family of fish—the (iadul« or cod-fish family
—there are to be found all grades of vasecularity, from the
complete and regular system of vascular channels existing in
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F1G. 51.—Dentine and cementum of Megatierium ; the latter lies to the

right. «. Vascular dentine. #. Fine-tubed dentine. ¢. Cementum.
. Dentine.

3‘;11& hake, to the sparse canals of the haddock and the pollock :
in Lotella there are neither dentinal tubes nor vaseular canals,
but a simple laminated structure. 3

Rise states that the very small teeth of young haddocks are without
vascular canals, and calls them vitro-dentine, and also states that the
small teeth of very young pike consist of normal dentine without an
osteo-dentine (trabeculo-dentine) core. But size of teeth alone does
not determine a departure from the normal type. Thus the tiny teeth
in the gill arches (*gillrakers”) of the hake consist of a beautiful
vaso-dentine, whilst among the (fadide are fish with teeth of large
size but only simple structure. (Cf. C. 8. Tomes, *.)

The great extinet Megatherium possessed a dentine which
was very rich in vascular canals, but their arrangement was a
little different from that just described, as may be seen in
the figure (54) to the left of which lies the inner portion of the
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dentine, very rich in vascular canals ; this merges into a fine-
tubed dentine (1), the vascular canals all ending at the same
distance from the surface, while outside this again comes the
very vascular cementum (¢).

The typical vaso-dentine teeth appear to be a good deal
softer than those which are composed of fine-tubed dentine,
and accordingly they are generally either completely coated, or
at all events tipped with enamel.

It occasionally occurs that a vascular eanal persists in the
hard dentine of a human tooth. In such cases there is no
relation between these canals and the course of the dentinal

Fia. 55, —Vascular canal in human dentine.

tubes, the latter being (as is seen in Fig. 55, drawn from a
specimen shown to the author by Dr. Andrews at Cambridge,
Massachusetts) displaced from their course by it.

These canals, which oceasionally occur both in human and
other mammalian teeth, are to be regarded as abnormalities.
There is yet another modification of the vascular canal
oceurring as an invariable character in certain teeth, which is
of great interest from the point of view of evolution, since it
exemplifies vascular canals losing their function and in process
of disappearance. Towards the base of the teeth of Sargus,
for instanece, loops of uniform ealibre, with their concavities
directed towards the pulp, may be seen. No one familiar
with the canals of vaso-dentine can for a moment doubt that
they were formed around a vessel, but though such was their
origin, the vessels soon ceased to be permeable, and their
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open ends stop far short of the pulp-chamber, in the midst
of the dentine.

It is interesting to note that their ends are not abruptly cut
off and sealed, but that they taper down and are continuous
with one, two, or three dentinal canals (Fig. 56).

Nothing is known of the contents of these loops in the
fresh tooth, but it hardly admits of doubt that this partial
persistence of the vascular channel, speedily abandoned in
the further building of the dentine, indicates descent from a
form in which these eanals were funectional, and the type of
dentine a real vaso-dentine. The walls of these canals are
smooth, just as in a typiecal vaso-dentine, but there is yet
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FIG. 56.—Vascular loops from tooth of Swrgus,

another form of canal which, in this respect, has departed a
little more from its pristine type.

In the outer part of the dentine of the manatee a series of
regular loops are to be seen (Fig. 57), which at first sight look
like, and in the earlier editions of this book were deseribed as,
vascular ecanals. Just as in Sargus, their general arrange-
ment and fairly uniform diameter, &ec., lead one fo the
coneclusion that they mark the site of former vessels.

But in place of their interior being smooth, a higher power
discloses that it has numerous irregular sharp prolongations
running out from if, between whieh rounded projections
encroach upon the lumen of the canal.

In point of fact the walls bounding the canal strikingly recall
the walls of an interglobular space, and the whole canal might
appropriately be compared to an enormously elongated inter-
globular space. As in Sargus, nothing is known of the
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contents in the fresh state; but as in that fish, it is hardly
possible to doubt that here also there is evidence that in some
ancestral form there was a cireulation through these channels.

Fra., 57.—Dentine of manatec, showing partial persistence of vascular
canals.

The method of their disappearance is interesting; the
dentinal tubes run into or past them, and had calcification
gone a little further, to the obliteration of the above so-termed
“long " interglobular spaces, the last trace of the ancestral
vaso-dentine would have disappeared.

Osteo-dentine.—This is a tissue which in its most typical
form is marked off from hard dentine, plici-dentine and vaso-
dentine alike by certain structural peculiarities and by the
method of its development. It sometimes approaches very
nearly to bone, from which indeed it has few essential points
of difference. But there are many transitional forms, so that
it 1s often hard to draw a sharp line of distinction between
them.

The difference can hardly be fully appreciated until the
development of dentine has been desecribed ; but it may be at
onee mentioned that osteo-dentine is not wholly formed upon
the surface of the pulp, and it results from this, that whereas
the pulp-chamber has a definite ouftline in those forms thus
far described, and the pulp ean be bodily pulled out, in osteo-
dentine calcified trabecul® shoot right through the pulp, there
is ultimately no sharply defined pulp-chamber, and the pulp
cannot be pulled out, the hard and soft tissnes being
inextricably mixed up.

And though there are numerous large channels, often much
larger than those of vaso-dentine, they are less regular, do not

D.A. T
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in their arrangement so closely follow the form of capillary
loops and in a fresh tooth contain masses of pulp-structure as
well as blood-vessels.

The pike’s tooth affords a good example of osteo-dentine.
Its surface is formed of a layer of fine-tubed tissue, almost
like ordinary dentine, but this soon gives place to a coarsely
channelled tissue, containing elongated spaces filled with pulp,

Fia. 58.—Tooth of common pike. a. Outer layer of fine-tubed dentine.
fi. Inner mass of osteo-dentine,

from which canaliculi, like those of a bone lacuna, branch off
in all directions, but do not extend far.

The fine-tubed layer which forms the exterior differs from
ordinary dentine in the respeet that the ftubes, although
parallel in their outer portion, in the absence of a general
pulp cavity, as they pass inwards become gathered together
mfto fewer and larger tubes, which again originate from the
somewhat irregularly shaped channels in the interior of the
tooth.
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Their relationship to the fine tubes which oceur in less
abundance in the deeper parts of the tooth is thus shown,
and the close resemblance of these dentinal tubes to the
canalieuli of ordinary bone becomes apparent.

It is stated by Sternfeld (7) that flat cells line all the surfaces,
and that processes from these enter the tubes.

The structure of the teeth of sharks show a large amount
of wariability; thus the teeth of the great white shark
(Carcharias), which is so formidable in the tropies, are com-
posed of ordinary fine-tubed dentine, with the exception of
their bases, which are of osteo-dentine.

On the other hand, the teeth of the Porbeagle shark (Lamna)

Fig. 59.—Outer layer of the dentine of the tooth of a pike. The fine canals
are seen to be gathered into bundles, which spring from the large
canals of the axial portion of the tooth. Rose would distinguish this
outer layer as normal dentine, postulating a change in the formative
cells, which he holds to have been at first odontoblasts, afterwards
osteoblasts, But this is an assumption not proven.

consist of a central core of osteo-dentine surrounded (?) with
enamel. (Fig. 60.)

In an osteo-dentine, medullary canals of varying size run,
with a direction, roughly speaking, parallel to the long axis of
the tooth, anastomosing with one another, and from their
sides wavy bundles of fine tubes radiate, but do not run far;
that is to say, its dentinal tubes do not radiate from any
one central pulp chamber, but from an indefinitely large
number of canals.

When, as happens in some sharks, these medullary canals
are very regular in size, are placed at nearly uniform distances
from each other and run parallel with one another towards
the surface, a struecture not widely different in places from
that found in Myliobates obtains. But as in Myliobates there
are few teeth, whereas in most rays there are a great many,

i—2



100 A MANUAL OF DENTAL ANATOMY.

it is possible that its structure may be the result of fusion of
many denticles, a process actually observed in Ceratodus, and
in the Coclliodontide, a family of Palmozoic sharks. Its
development is not sufficiently well known to settle the
question.*

At the other extremity of the series canals much more
branched and irregular in their course are found, the tubes
radiating from them reduced in amount and extent, some

Fia. 60,—Tooth of a species of Lamna, consisting of a central mass of
osteo-dentine with a fine-tubed tissue which may probably be regarded
as enamel, upon its surface, and which is not homologous with that on
the surface of the pike's tooth. .

degree of lamination of the matrix, and, in short, a tissue which
is practieally like ordinary bone.

The similarity of the channels of pulp in osteo-dentine to
Haversian canals in bone is in some respects close ; so similar
that when teeth consisting of osteo-dentine become, as in many
fish they do, anchylosed to the subjacent bone, it becomes
impossible to say at what point the dentine ends and the bone
commences ; and this difficulty is intensified by the faect that
the bone of many fishes lacks lacun®, and is almost exactly
like dentine. In many fish the outer compact layer of the jaw-

* Gegenbaur admits the reality of a concrescence in (erafodus, but denies,
on the anthority of Treuenfels, its occurrence in Myliobates.
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bone has fine parallel canaliculi, and no other structure is
visible, so that it bears a close resemblance to the exfernal
layer of these osteo-dentine teeth.

Osteo-dentine was defined by Owen as dentine in which
the matrix is arranged in concentrie rings around the vaseular
canals, having lacun® similar to those of bone.

But neither of these characters are to be found in many
teeth which, if the manner of their development is to be taken
into account, are unquestionably composed of osteo-dentine ;
and so they cannot be made use of for purposes of definition,
although lacun® and lamination of the matrix are far more
often present in osteo-dentine than in the other varieties of
dentinal structure.

It will be seen from what has already been stated that the
varieties of dentine blend with one another, and 1t becomes a
matter of difficulty to frame satisfactory definitions, especially
in the case of osteo-dentine, without taking into aceount its
development.

The varieties of dentine may be grouped thus :

(A.) Dentines developed upon the surface of a pulp, by
caleification of its surface layers. Dentinal tubes
when present, radiating from a single axial pulp
chamber or from its folds.

(i.) Hard, unvascular dentine, thoroughly per-
meated with dentinal tubes, which radiate
from a simple central pulp chamber.
Example—Human dentine.

(ii.) Plici-dentine, permeated with dentinal tubes,
which radiate from a pulp chamber
rendered complex in form by in-foldings
of its walls. Examples — Lepidosteus
Labyrinthodon.

(ii1.) Vaso-dentine, with dentinal fubes few or
absent, but abundant capillary channels
with blood cireulating through them.
Example—Hake.

(iv.) Dentines which might be regarded as
aggregations of fused parallel denticles,
as forms of folded dentine, or as transi-
tional towards a very regular osteo-dentine.
Examples—Myliobates, Pristis.
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(B.) Dentines developed by calcification extending through
the interior of a pulp, not by calcification of a
surface layer. Dentinal tubes have relation to
the medullary tracts left, and not to an axial pulp
chamber.

(v.) Osteo-dentine, or Trabeculo-dentine; with
dentinal tubes whieh radiate from numerous
medullary ehannels, and which may be only
short and few in number, or may be fully
developed. Lamination of the matrix and
spaces like bone lacun® occur in some
osteo-dentines. Examples—Pike, Lamna.

Rose, in a valuable paper (**), points out that, with the
exception of true vaso-dentine, which is first known to oceur
in some eretaceous fish (Fmpo- and Pachy-rhizodus), all of the
modifications of dentine are found to exist in the earliest
known Silurian fish, and he thinks that normal dentine was
probably the oldest caleified tissue.

In the same paper Rise proposes a different classification of dentines,
viz. :

Ortho-dentine (under which heading would come Vaso-dentine and
Vitro-dentine as subdivisions).

Trabecular dentine.

Osteoid dentine,

Bone dentine.

The eriterion which he selects for his definition of normal dentine is
that it shall have been developed in an even line from without inwards
immediately wnder an epithelial sheath, and therefore will have a single
undivided pulp cavity.

1 am not in the least concerned to defend my classification becanse I
happen to have proposed it myself, and 1 have repeatedly pointed out
that it is not in all respects satisfactory. DBut I do not find Rése's classi-
fication in practice to be any better, and, in fact, I think that the applica-
tion of his eriterion leads one into difficulties, necessitating the grouping
together of forms rather divergent, and separating others which are,
practically identical, into different classes. Thus Carcharias has dis-
tinetly normal dentine, whilst other Selachia have, equally distinetly,
osteo-dentine.  Yet in their relation to the epithelial sheath these
two forms arve absolutely similar.  Inlike manner the incipient in-foldings
of such teeth as Varanus (near its base) by Rdse's eriterion remain
normal dentine, but precisely the same sort of folding earried further is
called by him trabeeular dentine.

To the term trabecular dentine, in itself, I have no objection : indeed,
I think it a better deseriptive term than osteo-dentine: it is to Rise's
application of the term in leading to a grouping together of forms which



ORTHO-DENTINE AND ITS VARIETIES. 103

appear to me essentially different, that exception is taken. My reasons
for differing from him are given at greater length in a paper (*).

Riige adopts fully my definition of vaso-dentine, but does not retain
plici-dentine as a separate distinet variety, although he speaks of * real
folds of pure dentine,” in Rhizodus, Megalicthys, ete., my plici-dentines
coming under his trabeculo-dentines, where I do not think they belong.
And he distinguishes as vitro-dentine some structures which I do not
think are distinet or require a distincetive name, e.g., the outer portion
of a hake’s tooth, which differs in no respect from that which lies deeper,
save that the vascular canals stop short of it (cf. p. 92), and brings
under this heading others which I consider preferably as enamels, e.q.,
the hard outer layer of Selachian teeth (cf. p. 53). (C. 5. T.)

It remains to be added that the same pulp may undergo a
change in the manner of its caleification ; that is to say, that
after having gone on with surface calcification for a certain
length of time, this may give place to a more irregular internal
calcification into an osteo-dentine,

This is especially prone to happen after injury, and is often
exemplified upon a large scale in elephants’ tusks, the pulps
of which, normally engaged in ealeifying the odontoblast layers
into ivory, may after an injury caleify irregularly and solidify
into a coarse osteo-dentine.

It will then be easy to understand that so-called secondary
dentine, produced in a pulp which ordinarily forms hard
dentine, may partake of the character of hard, of vaso-, or
of osteo-dentine.

Thus the pulp of a sperm whale’s tooth beecomes obliterated
by a development of secondary dentine, which sometimes
forms irregular masses loose in the pulp chamber, and some-
times is adherent to and econtinuous with the dentine previously
formed. The structure of these masses is very confused.
Tubes, of about the same diameter as dentinal tubes, abound ;
but they are often arranged in tufts or in bundles, and without
any apparenf reference to any common points of radiation.
Irregular spaces, partaking of the character of interglobular
spaces or of bone lacun®, abound; and wvascular canals are
also common.

In the human tooth secondary dentine occurs in the teeth
of aged persons, in which the pulp cavity is probably contracted
in size, and is also very frequently formed pathologically, as a
protection to the pulp when threatened by the approach of
dental caries (called by Hopewell-Smith “ adventitious den-
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tine ") or by the thinning of the walls of the pulp cavity
through excessive wear. The accompanying figure, represent-
ing one of the cornua of the pulp chamber from a molar tooth
affected Dy earies, is a good example of pathological adventitious
dentine. It occasionally happens that the pulp resumes 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 like normal dentine. More often,

F1g. 61.—Areolar adventitions dentine (X 230): A = areolar dentine;
I} = primary dentine: P = pulp tissue. Secondary (adventitious)
dentine filling up one of the cornua of the pulp cavity. From a human
molar affected by caries.

however, the boundary line between the old and the new
is marked by an abundance of irregular spaces and globular
contours, whilst further in the mass of new secondary dentine,
the tubular structure again asserts itself more strongly.

The axial portions of many teeth of persistent growth, for
some liftle distance below the working surfaces, become filled
by a caleification which has much In common with the
secondary dentines; that is to say, it 1s of coarser and less
definite structure than the peripheral parts of the same

tonth,
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For example, in the armadillo the axial portion of the footh
is made up of a tubular tissue, but the tubes are crowded
together into irregular bundles, and instead of running from
the interior towards the surface, they run more or less along
the axis of the tooth. In another member of the FEdentata
(the sloth) the axial portion differs much more from the out-
side, being very much softer and more porous, containing, in
fact, a large number of vascular channels, and being very apt
to break away in the process of rubbing down the section.

In some rodents the final closure of the axial tract talkes
place almost by a continuance of the formation of normal fine-
tubed dentine with very little secondary dentine of different
structure, while in others there is a large area of dentine
with vascular tracts in it. In the partly persistently growing
incisor of the kangaroo there is a mass of secondary dentine
which is sometimes almost glassy looking and structureless.
In some specimens of secondary denfine from an elephant’s
tusk Howard Mummery found an abundant connective tissue

stroma after decaleification.
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CHAPTER IV.

THE TOOTH PULP—CEMENTUM—THE GUM—THE ALVEOLO-DENTAL
MEMBRANE.

Tae pulp oceupying the central ehamber or pulp cavity was
the formative organ of the dentine, and consequently varies in
its anatomieal characters according to its age. As well as being
the remains of the dentine-papilla of the tooth-germ, it is the
souree of vascular and nervous supply to the dentine.

The pulp may be deseribed as being composed of a very
delicate connective tissue with spaces filled with a jelly-like
material, the fibres of which are probably prineipally the
processes of the cells. The finely fibrous element of the pulp
is not, however, brought into view unless special stains are
employed which colour it; if this be done, it is found that
there is far less unoceupied space than was formerly supposed.
The cells are fairly abundant. Some ordinary fibrous con-
nective tissue is diseoverable in it, and nerves and blood-
vessels also ramify abundantly in its substance.

The intercellular matrix, remaining in material proporfion
whilst the cells are not greatly developed and the fibrous
element is very delicate, gives to the pulp a character common
to many embryonic tissues.

At an early period the cells of the dentine papilla are some-
what rounded embryonic cells, a surface layer of specialised
cells, the future odontoblasts, making their appearance only
about the time at which ecaleification commences.

The deeper cells grow out into proeesses, but these remain
very fine, and at no period are large bundles of connec-
tive tissue fibres to be found unless the pulp has undergone
degeneration in advanced age.

In a specimen cut from a loose tooth in an aged person,
which was given to the author by Hopewell-Smith, the cellular,
vaseular and nervous elements have all completely disappeared,
and fhere remains nothing but eonnective tissue, the bundles
of which run into the dentine. It is possible that the con-
spicuousness of this connective tissue may partly be due to
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the fact that it is in no degree concealed by the abundant cells
of an ordinary pulp, but it seems probable that the connective
tissue itself is also ecoarser and more abundant.

The entrance of connective tissue fibres into the dentine is
of importance in connection with the question of the entrance
of nerve fibres into the dentine, as some observers regard the
structures deseribed as nerves as possibly being connective
tissue fibres.

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 membrana

F'1G. 62, —Surface of human pulp, showing odontoblasts with their pro-
cesses. A. Dentinal process. B. Nucleus.

eboris, because it usually adheres more strongly to the denfine
than to the rest of the pulp, and is therefore often left on the
surface of the dentine when the pulp is torn away, consists
of a single row of large elongated cells, of a dark granular
appearance, with large and conspicuous nuelei near to the ends
furthest from the dentine.

The sharp contours possessed by the odontoblasts in pulps
which have been acted on by chromic acid, alcohol, or even
water, are absent in the perfectly fresh and unalfered condi-
fion, and it is believed that they have no special investing
membrane. They have two sets of processes, one peripheral,
and one central. Of these the dentinal process (equivalent to
the dentinal fibre) enters the canal in the dentine, and the
individual odontoblasts may be furnished with several dentinal

processes.
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Dr. Aitehison Robertson (%) deseribes the central or pulp
process and the odontoblasts in the ox as being very long and
fine, but says that-there is no lateral union: his specimens,
however, appear to have been mostly teased ouf, and the cells
figured hardly look like odontoblasts.

Lateral processes, by which neighbouring odontoblasts
communicate with one another, have been described, but there
is some doubt whether they have any real existence. When
dentine formation has commenced, the odontoblasts are united
at their extremilies nearest to the dentine by a sort of collar,

F1a. 63.—0dontoblast cells with their (A) dentinal processes and (B) collars.
Beneath and to sume extent between them are seen the fusiform cells
and connective tissue fibres of the pulp.

but this is of the nature of imperfectly formed material, and is
not properly a process of the odontoblast cell.

The process which enters the dentinal tubes is of some size,
tapers slightly, and extends from the cell in a line coincident
with its longitudinal axis.

The membrana eboris covers the surface of the pulp like an
epithelium. The odontoblasts vary much in form at different
periods; in the youngest pulps, prior to the formation of
dentine, they are rounded, or rather pyriform. During the
period of their greatest functional activity the end directed
towards the dentine is more or less square, though tapering
to a slight extent into the dentinal process; while in old
age they become comparatively inconspieuous, and assume a,
more rounded or ovoid shape. They are altogether larger in
the coronal than in the radicular regions of the pulp, and, in
transverse secfions of the tissue, are seen to be shorter and
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rounder in its constrieted portion than in its longer diameter.
In cylindrieal pulps their lengths are the same. The odonto-
blasts are slightly separated from one another, an effeet which
is rarely seen in the enamel cells—a fact which, if due to
shrinkage through the use of histological reagents, would
indicate either that they have no definite limiting membranes,
or else that they are of a softer material. But it is very
possible, especially in view of recent researches into the
development of dentine, that they are really slightly separated
from one another. They usually, however, adhere together
firmly at their ends nearest to the dentine, so as to form here
a continuous sheet. 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 vessels of the pulp are very numerous ; three or more
arteries enter at the apical foramen, and, breaking up info
branches which are at first parallel with the long axis of the
tooth, finally form a capillary plexus immediately beneath the
cells of the membrana eboris.

The nerves enter the apical foramen of the root by one large
trunk and three or four minute ones. After pursuing a parallel
course, and running in close association with the vessels, mean-
while giving off some branches which anastomose but little in
the expanded portion of the pulp, they form a rich plexus
beneath the membrana eboris, as has been described by
Raschkow and many subsequent writers.

But here our exact knowledge almost ends, for the nature of
the terminations of the nerve fibres in the pulp is not with
certainty known ; the nerve fibrils, which are extraordinarily
abundant near to the surface of the pulp, often form meshes,
but this does not appear to be their real termination.

Boll, as has already been mentioned, investigated this point,
and found that if a pulp be treated for an hour with very dilute
chromie acid solution, an immense number of fine non-medul-
lated nerve fibres, which he succeeded in tracing into continuity
with the larger medullated fibres, may be discerned near to the
surface of the pulp. The ultimate destination of these nerve
fibres is uncertain ; but he has seen them passing through the
membrana eboris, and taking a direction parallel to that of the
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dentinal fibrils in such numbers that he infers that they have
been pulled out from the canals of the dentine. 5till, what-
ever may be the .probabilities of the case, he has not seen
a nerve fibre definitely pass into a dentinal canal, and the
observations of Morgenstern (¥), Romer (**) and others are
not convineing, as Golgi’s staining method may lead to false
appearances.

Howard Mummery, using as a stain an iron salt followed
by tannin, has succeeded in showing that from the nerve
bundles which are distributed to the surface of the pulp very
fine fibres are given off, which run towards the dentine, and
the author has examined these preparations with him. Whilst
there are appearances suggestive of their entering it, no certain
conclugion could be reached, such is the difficulty of an
investigation where very delicate structures are in relation
with a caleified material. Nevertheless, recently, by staining
according to the method of Ramon y Cajal, Mummery is
of the opinion that nerve fibres do actually penetrate the
dentinal tubes. As has been stated in the previous chapfer,
Mummery’s observations seem to have been confirmed by
Deppendorf (p. 79).

Retzius (') investigated the nerves of the teeth in some
fish, batrachians and reptiles, using Golgi’s stain and finding
practically similar conditions in all. Fine non-medullated
fibres pass upwards in the pulp, subdividing as they go.
They are beaded, and arrive at the region of the odontoblasts
where they end close to the dentine, but they were never
observed to enter it. Their actual terminations were fine short
ramifications, and now and then the ends are swollen into
little knobs, the apices of the pulps being without nerves. In
fish, the nerves break up into a plexus in the soft tissues
between the teeth, and only fine non-medullated fibres enter
the pulps at all. In young mice the ultimate fibrils, beaded
as in fish and reptiles, pass between the odonfoblasts and
there terminate in free ends, and do not penetrate into the
dentine.

Carl Huber (') employed methylene blue, injected into the
carofids of rabbits and cats immediately after death. He
states that nerves course up the pulp in bundles of eight or
ten medullated fibres, which towards the surface anastomose
by exchange of fibres or by actual branching at the nodes of
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Ranvier. DBelow the odontoblast layer they break up into
numerous beaded non-medullated fibres and form a plexus by
crossing and recrossing. They terminate by fine ends or
granules near to the free ends of the odontoblasts, sometimes
appearing to almost enclose the eells in a basket-work of
fibres. He states that they never make any conneetion with
the odontoblasts, nor could they be expected to, being them-
selves epiblastic and the odontoblasts mesoblastic in origin.*
A few medullated fibres reach as far as the odontoblasts.
These observations are therefore in complete accord with
those of Retzius, and have been, to some extent, confirmed by
Hopewell-Smith (*").

Boll’s observations have not been fully confirmed by any subsequent
worker in the field, nor had they been definitely controverted until

F16. 64— Non-medullated nerves ending amongst the odontoblasts, (After
C. Huber.)

Legros and Magitot (%) stated that they had fully satisfied themselves that
the nerves become continuous with the branched somewhat stellate cells
which form a layer beneath the odontoblasts, and through the medium of
these cells with the odontoblasts themselves. (See Fig. 37.)

If this view of their relation to the nerves were correct the sensitive-
ness of the dentine would be fully accounted for without the necessity
for the supposition that actual nerve fibres enter it, for the dentinal
fibrils would be in a measure themselves prolongations of the nerves.

Dr. Robertson (loc. cif.) describes the nerves of the tooth pulp of the
ox, his specimens mostly having been made by teasing fresh pulp in
1 per cent. solution of osmic acid. He describes large bundles of medul-
lated and non-medullated fibres, the former being the more numerous,
and in the teased specimen the axis-cylinder of medullated fibres was
often seen stretching far beyond the sheath. He believes that the axis-
eylinders of medullated nerves lose their sheath, and after running for a
ereater or less distance, become continuous with the pulp process of the
odontoblasts, which therefore, with their dentinal processes, become
nerve-end organs, so that he so far agrees with Magitot.

* Hee footnote on p. 77.
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Ogear Romer ("), using the intra-vitam method of methylene blue
staining, agrees with Retzins and Huber up to a certain point, but
further states that the fine fibres, after passing between the odontoblasts,
actually enter the dentinal fibrils and so pass into the dentine, but his
figures fail to exclude the presumption of error. Morgenstern (*) goes
yet further and says that two axons enter each canal and reach the outer
boundary of the dentine, or even pass into the enamel.

It will hence be seen that some uncertainty still attaches
to the odontoblasts and their funetions, but to this it will be
necessary fo recur in treating of the development of the
dentine.

This difference of opinion as to the function of the odonfo-
blast cells never can be finally settled until the nerve-endings
of the pulp are satisfactorily demonstrated. The idea that
the odontoblasts themselves are nerve-end organs was advo-
cated by Coleman, and more recently in a modified form
by Hopewell-Smith (*) ; but there are some objections to
this view, amongst others being the oceurrence of well-marked
odontoblasts in places where they seem nof only useless but
decidedly misplaced as nerve-end organs, and the observation
of Retzius that there are parts of teeth where there are
odontoblasts, but which are not reached by any nerve fibres
at all.

Towards the outer surface of the pulp, but beneath the
odontoblasts, Weil has deseribed a layer about which there
has been, and indeed still is, some controversy. It goes by
the name of the “ basal layer of Weil,” and consists of a
comparatively pale and transparent zone lying between
the inner ends of the odontoblasts and the pulp. He
describes it as consisting of fine connective tissue fibres
which communicate with the processes of the odontoblasts.
Howard Mummery (%) points out that though visible in many
of his preparations made by the Koch-Weil process, it is
absent near to the growing base of young teeth, and it is in
the crown that it is most pronounced. Ie disagrees with
Weil as to the connection of the fibres of this layer with the
odontoblasts, saying that he has often fraced these fibres
through fhe cell layer into the dentine matrix. Von Ebner
altogether doubts its existence, attributing it fo the pulp
shrinking while the odontoblasts are held up to the dentine
by their processes. Rose shares Von Ebner's view. Waeil
compares it to a basement membrane, urging that a fibrillar

D.A. 8
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structure has been detected in many undoubted basement
membranes, but whether it be an actual or an artefact
structure, there seems little reason to regard it as anything
more than connective tissue pulp stroma.

Walkhoff regards it as a result of atrophy of the odontoblast
layer, and says it does not exist in young active pulps. But
this is not in conformity with recent research.

It has already been mentioned that the pulp undergoes
fibroid alterations in advanced age, its diminution in size, at
times, by its progressive calcification and the addifion thus
made to the walls of the pulp eavity being the most eonspienous
changes which oceur. In pulps which have undergone a little
further degeneration, the odontoblast layer becomes atrophied,
and the fibrillar connective tissue more abundant, coinei-
dently wifh the diminution in the quantity of fhe cellular
elements. Finally, the eapillary system becomes obliterated
by the oeccurrence of thrombosis in the larger vessels, the
nerves undergo fatty degeneration, and the pulp becomes
reduced to a shrivelled, unvaseular, insensitive mass. These
changes may go on without leading fo aetual putrefactive
decomposition of the pulp, and are hence not attended by
alveolar abscess ; but a tooth in which the pulp has undergone
senile atrophy is seldom securely attached to its socket.

The pulps of the teeth of some animals become eventually
entirely converted into secondary dentine, but if would seem
to be very generally the case that those teeth which exercise
very active functions and last throughout the life of the
ereature retain their pulps in a more or less active condition.

No lymphatic vessels are known to exist in the tooth pulp.
Halle's experiment of injeeting Prussian blue into the tissue
showed that there are neither lymph spaces nor lymphatie
vessels in it. But further experiment by painting Prussian
blue upon an exposed pulp in a dog, and sealing it in, proved
that somehow the particles passed through the whole pulp
and were found in the lymphatie glands, possibly passing by
way of the liquid of the tissue, or possibly carried by wander-
ing cells (Morgan,”). The lymphatic glands which receive
the produects from the teeth and gums are, according to
Morgan :

(i.) The supra-hyoid glands, which lie between the bellies

of the digastric muscle, drain the anterior parf of the
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lower gums and teeth, and pass the lymph on to the
submaxillary group, which are numerous and small.
These lie in the digastric triangle along the lower
edge of the jaw.

(ii.) The superficial cerviecal glands which lie along the
course of the external jugular vein receive some lymph
from the posterior part of the gum, while the deep
cervical lie along the internal jugular; indirectly
through the submaxillary group they receive lymph
from the structures of the mouth.

According to the text-books the lymph from the upper gums
and teeth is received by the deep facial glands ; they are
situated by the side of the pharynx behind the buecinator
muscles, and it is snggested by Morgan that cases of suppura-
tion in these glands may not be recognised, but be mistaken
for quinsy, as they are elose to and behind the tonsil. Dut
for some unknown reason suppuration in the lower lymphatic
glands is far more common than in these upper ones.

CEMENTUM.

This tissue forms a coating of variable thickness over the
roots of the teeth, sometimes, when the several roofs are very
close to one another, or the cementum is thickened by disease,
uniting the several roots into one.

The cementum is ordinarily said to be absent from the erown
of the teeth of man, the carnivora, &ec., and to commence by
a thin edge just at the neck of the tooth, meeting the enamel
to a slight extent. It is, in normal cirenmstances, thickest in
the interspaces between the roots of molar or premolar teeth ;
it is, however, often thickened at the end of a root by a patho-
logical hyperplasia. In compound teeth, the cementum forms
the econnecting substance between the denticles (see the figures
of the tooth of the Capybara, the elephant, &ec.), and, before
the tooth has been subject to wear, forms a complete invest-
ment over the top of the erown. The cementum also covers
the erowns of the complex-patterned crowns of the teeth of
ruminants. Tho eementum here, 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, ehemically, and also in respect of the
manner of its development, the cementum is closely allied to

8—2
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bone. If consists of a laminated calcified matrix or basal sub-
stance, and, if large in amount, lacun®. Vascular canals
corresponding to the Haversian eanals of bone may be rarely
met with, buat it is only in thick cementum that they exist
and, in man, perhaps in hyperplasia more often than in the
thick healthy tissue.

The lamelle of the eementum are thinner towards the neck
of the tooth, being thickest at the apex of the root, but the
number of the lamelle is about the same in all parts.

Soon after the completion of a tooth, there are but few
lamellie, so that usually an adult has ecementum far thicker

Fia. 65.—Thick laminated cementum from the root of a human tooth.

than a child, an aged person again perhaps having more than
an adult.

The matrix is a caleified substance, which, when boiled,
yields gelatine, and if deecaleified, retains its form and strue-
ture: it is, in faet, practically identical with the matrix of
bone. It is sometimes apparently structureless, at others
finely granular, or interspersed with small globules.

The lacunz of hyperplasie cementum share with those of
bone the following characters: in dried sections they are
irregular eavities, elongated in the direction of the lamell® of
the mafrix, and furnished with a large number of processes.
The processes of the lacunw (known as canaliculi) are most
abundantly given off at right angles to the lamellw® (see Fig. 65),
and, again, are more abundantly directed towards the exferior



CEMENTUM. 117

of the root than towards the dentine. 'The lacunwa differ from
those of bone in being far more variable in size, in form, and
in the excessive’ number and length of their canaliculi. In
this latter respeet the lacun® of the cementum of celacean
teeth are very remarkable.

Many of the lacun® are connected, by means of their
canalieuli, with the terminations of the dentinal tubes (Fig. 66) ;
they, by the same means, possibly 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.

The lacune assume all sorts of peculiar forms, especially
in the thicker portion of the cement.

Here and there lacunz are to found which are furnished

Fia. 66.—Lacuna of cementum which communicates with the terminations
of the dentinal tubes. «. Cementum. & Dentine,

with comparatively short processes, and are contained within
well-confined contours. Sometimes such a line is to be seen
surrounding a single lacuna, sometimes several lacun® are
enclosed within if; lacun® so cirenmseribed are called
““ encapsuled lacunw®,” and were first observed by Gerber in
the cementum of the teeth of the horse (they are specially
abundant in the teeth of the Perissodactyla). By cautious
disintegration of the cementum in acids these encapsuled
lacune may be isolated : their immediate walls, just as in
bone, being composed of a material which has more power of
. resisting chemical reagents than the rest of the matrix.

The encapsuled lacun® may perhaps be regarded as individual
osteoblasts, or nests of osteoblasts, which have to some extent
preserved their individuality during calcification.

In the fresh condition it appears probable that the lacuna
are filled up by soft matrix, which shrinks, and so leaves
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them as cavifies in dried sections. It can hardly as yet be
said that the question of the contents of the lacunw has been
finally settled, though the researches of Bodecker and
Heitzmann have gone far towards doing so.

According to these writers each lacuna contains a pro-
toplasmic body, which they term the cement corpuscle, with a
central nucleus. This nucleus may be large and surrounded
by but little protoplasm, or it may be small; or there may be
many nuelel.

Heitzmann, after staining with gold chloride, claims to have
demonstrated protoplasmic matter in the thin layer of cemen-
tum of the neck of the tooth, and while the author by no means
agrees with him in regarding as protoplasm everything which
will stain with chloride of gold, yet clinically there would seem
to be very little doubt, that the cementum in this loecality
is sensifive, and that there is an & priori probability
that there is some uncaleified tissue there. At the same
time it must be remembered that semi-caleified tissue can be
stained with silver nitrate, and sometimes also with gold, on
the periphery of the pulp, in interglobular spaces, and in
Neumann’s sheaths, and one would quite expeet to find,
in the interstices of such globular forms as can be made
out in this thin cementum layer, such semi-calcified matrix
material.

Heitzmann also throws doubt upon the perforating fibres
that are to be deseribed as being Sharpey’s fibres ; he interprets
them also as protoplasmie, in which view few histologists will
share. e

The cementum corpuseles communicate freely with one
another Dby offshoots, those of large size occupying the
conspicuously visible canaliculi of the lacunw, whilst the
finer offshoots are believed by Heitzmann to form a delicate
network through the whole basis substance or matrix. The
corpuscles of the cementum near to the external surface give
off numerous offshoots which ecommunicate with protoplasmic
bodies in the alveolo-dental periosteum. By this means it
would appear as if the cementum can remain alive even when
the pulp of the tooth is dead, and thus the tooth be in no way
a mere foreign body, dead and inert.

Like bone, ecementum econtains Sharpey’s fibres; fhat is
to say, minute rods running through it at right angles to 1ifs
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own lamination, and, as it were, perforating it. These are
probably caleified or uncaleified bundles of connective tissue.
And it is by thé medium of these that the alveolo-dental
periosteum adheres to the cementum.

Where the cementum is very thin, as, for instance, at the
neck of a human tooth, it is generally to all appearances
struetureless, and does not contain any lacun® and therefore
no protoplasmic bodies ; nevertheless, lacun® may be some-
times 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.

Hopewell-Smith is of the opinion, based on the examination
of many sections, that there are no lacunw® in perfectly healthy
human cementum, and that their presence iz a sign of
subsequent pathological increase in the tissue. He believes
that ecementum per se is insensitive, but that tactile sensations
may be conveyed through it to the underlying dentine (3¢).

The cementum at the neck is also devoid of lamelle; 1t
appears to be built up by direet ossification of osteoblasts,
the characteristic shape of which may be traced in it.
Bodecker deseribes it as permeated by a fine but abundant
network of soft living matter. The larger dentinal tubes fall
short of the boundary line at the neck, but according to
him a fine protoplasmic network crosses it. He states that it
has a covering of epithelial elements, like those of the gum.

The outermost layer of thick cementum is a glassy film,
denser apparently than the subjacent portions, and quite
devoid of lacunw, being homologous with the peripheric lamelle
of the long bones. On the surface it is slightly nodular, and
may be deseribed 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 characterises dentine at an early stage of its
development.

The cementum is very closely, indeed inseparably, connected
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 diffieult to say preecisely at what point
the one may be said to have merged into the ofher. And
in this region there is an abundant passage of protoplasmic
filaments across from the one to the other.
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Nasmyth’s membrane.—Under the names of “ Nasmyth's
membrane,” “ enamel euticle,” or * persistent dental eapsule,” 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 footh, the erown
of which is not coaled 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, if is said, by staining with nitrate of silver, a reticulated
pattern may be brought out, as though it were made up of
epithelial cells. Tt is exceedingly thin, Kélliker attributing
to it a thickness of only one twenty-thousandth of an inch,
though probably this is incorrect ; nevertheless, it is very
indestructible, resisting the action of strong nifrie or hydro-
chlorie acid, and only swelling slightly when boiled in caustic
potash. Notwithstanding, however, that it resists the action
of aecids, it 1s not so hard as the enamel, and becomes worn
off tolerably speedily, so that fo see it well an unerupted tooth,
still enclosed in its dental capsule, should be selected.

The singular power of resistance to reagents which
characterises it proves nothing more than that it is a tissue,
imperfectly calcified, on the border-land of ealcification, so
to speak, since similarly-resistant struetures are to be found
lining the Haversian canals, the dentinal tubes, the suriace
of developing enamel, the lacun®, &e¢. When burnt it gives
off a smell like that of burning horn.

In Sir John Tomes’ opinion (**) it was to be regarded as a
thin covering of cementum, and the author gave additional
evidence in support of this view in a paper referred to
hereafter.

The more recent investigations of Paul (**) have, however,
thrown a fresh light upon the matter, and have shown that the
points upon which the author chiefly relied are vpen fo quite
a different explanation. He employed unworn teeth, fixed
in a chromate solution, and detached the membrane by a 5 per
cent. solution of nitrie acid ; he has since simplified the process
by decalcifying the enamel at once by immersion in a phloro-
glucin and nitrie acid solution without preliminary fixation.
The membrane can easily be stained in eosin or in Ehrlich’s
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acid hmmatoxylin, washed, and mounted in Farrants
mediam.

This at once shows the reticulated pattern; bub that this is
not due to the impressions of the ends of the enamel prisms is
proved by its being too large—ten times too large according
to Paul—and, in addition, there are large nuclei which are so
related to the pattern as to show that if is produced by the
margins of the cells of which they are the nuclei. His
specimens, from one of which Fig. 67 is taken, leave no

Fi1a. 67.—Nasmyth's membrane, showing the stained nuclei. From a
specimen prepared and photographed by Dr. Paul,

doubt but that it is a membrane composed of a layer of flat
epithelial cells.

It is obvious that a layer of flat epithelial cells in this
situation can have only one source, namely, some part of the
enamel organ, and Paul found that in eutting sections of the
dental capsule he was able to find upon its inner surface a
layer of flat epithelial cells, which could be traced to be the
exiernal epithelium of the enamel-organ. Hence the present
state of knowledge on the subject must lead to the conclusion
that Waldeyer was right, and that Nasmyth's membrane is a
product of the external layer of the enamel-organ.
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In addition fo the layer of epithelial cells, there is a thin
structureless pellicle inside them, i.c., between them and the
enamel, which is of such consistence as to make the isolated
Nasmyth's membrane tend to curl up. Upon the inner surface
of this membrane the pitted impressions of the ends of the
enamel prisms may sometimes be seen, as described by the
older observers.

Like the epifhelial layer, this membrane must, from its
position, be a product of the enamel organ. Paul suggests
that it may be of some service in protecting the enamel by its
power of resistance to acid, especially in those depressions
which are the most vulnerable points in a tooth, from which

F1a. 68.—From a section of a premolar tooth, in which the cementum, e,
iz continued over the outside of the enamel, #. The dentine is indicated
by the letter &.

it would not get worn off as it does from the more exposed
regions. It seems possible that this inner portion may be
merely a sheet of imperfectly caleified enamel, the last
products of the effete enamel cells, and so correspond with the
thin sheet of tissue which may be raised from the surface of
forming enamel at all stages of its growth.

Several views have been held as to the nature of Nasmyth's membrane.
It has been thought (1) to be a thin layer of cementum, too thin to show
the characteristic structure of cementum, as supposed by Sir John Tomes
and by the author ; (2) to be a final product of the enamel cells or
ameloblasts (Kalliker) ; (3) to be derived froin the external epithelium of
the enamel organ.

The grounds upon which the author believed it to be a thin layer of
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cementum were that in a large number of animals there is a thick and
functional layer of cementum outside the enamel, and that it now and
then happens that the cementum upon a more or less abnormal human
tooth, instead of terminating at the neck of the tooth, is continued up
over the exterior of the enamel. This occurs less uncommonly than is
generally imagined, and the foregoing Fig. 68 represents a portion of
the crown of such a tooth.

If sections be made of the grinding surfaces of such teeth as present
rather deep fissures in these situations, well marked and unmistakable
lacunal cells, or encapsuled lacune, will be met with occasionally. Now
and then an encapsuled lacuna may be found occupying 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
situations is far from rave: Sir John Tomes’ collection contains several
good examples of them in these positions.

Nasmyth’s membrane, thin though it is over the exterior of the

F1G. 69.—Encapsuled lacuna occupying a pit in the enamel.

enamel, is thickened when it covers over a pit or fissure, and when
isolated by an acid is seen to have entirely filled up such spots
(Fig. 70).

In these places, then, where the encapsuled lacunse are to be found,
Nasmyth’s membrane also exists, a fact which alone would lend some
probability to the view that it is cementum.

The general absence of lacunie in Nasmyth's membrane might be due to
the fact that it is not thick enough to contain them; just as the thinnest
layers of unquestionable cementum also are without lacune.

In sections of an unworn premolar which was treated with acid subse-
quently to 1ts having been ground thin and placed upon the slide, the
author has several times been fortunate enough to get a view of the
membrane ér sifu ; it then appears to be continuous with an external layer
of cementum, which becomes a little dizcoloured by the acid employed to
detach Nasmyth’s membrane from the enamel. Caush apparently had
observed the same thing when he wrote (), that Nasmyth’s membrane
seems to be continuous not with the cementum but with the membrane
covering the cementum, that it will stain with fuchsin, and that there
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is no apparent difference between that covering cementum and that
covering enamel.

It iz pointed out by Underwood that these observations are not wholly
discordant with those of Paul, inasinuch as by the time Nasmyth’s mem-
brane is formed, the cells of the external epithelinm of the enamel-organ
are fused with the dental capsule from which cementum is developed.
The author was formerly inclined to regard it as young and incomplete
cementum, and to consider it as representing (upon the human tooth) the
thick cementum which covers the crowns of the teeth of herbivora ; and
Magitot, who made many researches upon this subject, entirely concurred
in this view, which had also the support of Professor Wedl.

Fia, 70.—Nasmyth’s membrane, set free by the partial solution of the
enamel. «. Nasmyth's membrane. & Dentine. d. Mass oceupying a
pit in the enamel, e¢. Enamel. «'. Torn end of Nasmyth's membrane.
f. Termination of the cementum.

Tt has, however, been poiuted out by Paul that these observations are
not inconsistent with the interpretation of its nature which he advocates,
for the dental eapsule envelops the ecrown of the tooth in man as well
as in certain herbivorous animals, in which it does form coronal cementum ;
and it is quite possible that it might deposit encapsuled lacunwe in pits
where there was room for them, and that these would appear to be in
Nasmyth's membrane, which also extends into the pits; nor is its apparent
continuity with the cementum at the neck more difficult to account for.
To render the matter certain, Nasmyth’'s membrane should be demon-
strated between the enamel and cementum in the teeth of animals
possessing thick coronal cementum, but on this point Paul is not, as yet,
prepared to speak with certainty.
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Nasmyth, who first called attention to its existence, regarded it as the
‘s persistent dental capsule ” ; a view of its nature not very materially
differing from that formerly advocated in these pages.

Professor Huxley described it as being identical with the membrana
performativa ; that is to say, with a membrane which covered the dentine
papilla prior to the oceurrence of caleification, and which afterwards
came to intervene between the formed enamel and the enamel-organ.
The objections to the acceptance of this view of its 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 volume ; it will suffice to say that evidence and the weight
of authority alike point to there being no such true membrane as this
membrana performativa in the place in question.

Waldeyer and Rise hold that it (i.e., Nasmyth’s membrane) is a product
of a part of the enamel-orgun. After tha completion of the formation of
the enamel they believe 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 they account for its resistance to reagents, and for
its peculiar smell when it is burnt.

According to the statement of Legros and Magitot, the layer of cells in
quegtion (external epithelium of the enamel-organ) is atrophied before
the time of the completion of the enamel—a fact which, if confirmed,
iz fatal to Waldeyer's and Paul’s explanation. This is a point which
requires to be investigated afresh in the light of recent researches.
Magitot, in a later paper (*) on the subject, gives his adherence to the
view that it 1s cementum.

Killiker, who dissents strongly from the views of Waldeyer, and
admits some uncertainty as to its nature, provisionally regards it as a
continuous and struetureless layer furnished by the enamel cells after
their work is completed.

THE GUM.

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

The gum is beset with rather large, broad-based papille,
which are sometimes single, sometimes compound. The
epithelium is composed of the stratum cornewm, the stratum
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lueidum, and the stratum granulosum ; and eylindrical cells, the
rete malpighi, form its deepest layer. :

Small round aggregations of pavement epithelium are mef
with at a little depth, or even imbedded in the surface. In
or in the neighbourhood of developing tooth-sacs epithelial
aggregations, the so-called “ glands of Serres” may be seen,
and are remains of the dental-lamina, or tooth-band, which
has undergone fenestration subsequently to the completion
of its original funetion. The gums are riech in vessels, but
remarkably seantily supplied with nerves. Mucous racemose
glands abound.

Black considers that the “ glands of Serres ” are not glands,
but he believes that their constituent cells resemble connective
tissue cells, and hence does not apparently think that they are
epithelial ““ nests.”

At the necks of the teeth the gum becomes continuous with
the periosteum of the internal surface of fhe alveoli, info
which it passes without any line of demareation.

THE ALVEOLO-DENTAL MEMBRANE.

The Alveolo-dental periosteum, or Periodontal Membrane,
is a connective tissue of moderate density, devoid of elastie
fibres, and richly supplied with nerves and vessels.

It is thicker near to the neck of the tooth, where it passes by
imperceptible gradations into the gum and periosteum of the
alveolar process, than in other parts. The general direction
of the fibres is transverse; that is to say, they run across
from the alveolus to the cementum, without break of continuity,
as do also many capillary vessels. A mere inspection of the
connective tissue bundles, as seen 1n a transverse section of a
decaleified tooth in its socket, will suffice to demonstrate that
there is but a single *“ membrane,” and that'no such thing as
a membrane proper to the root and another proper fo the
alveolus can be distinguished ; and the study of ifs develop-
ment alike proves that the soft tissue investing the root, and
that lining the socket, are one and the same thing: that
there is but one ‘ membrane,” namely, the alveolo-dental
periosteum.

At that part which is nearest to the bone the fibres are
grouped together into conspicuous bundles ; 1t 1s,1in fact, much
like any ordinary fibrous periosteum. On its inner aspect,
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where it becomes continuous with the eementum, it consists of
a fine network of interlacing bands, many of which lose them-
selves in the surface of the cementum.

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.

The actual attachment, both to the cementum and to the
bone, takes place by means of the connective fissue fibres,
which pass right into the hard structures, which they traverse
for some distance, and in this situation are known as Sharpey’s
fibres.

They pass through all the lamelle of the cementum, and
there are appearances of shrinkage in dry preparations which
would 'lead to the inference that they were not very fully
caleified ; in some portions of the cementum it seems to be
almost composed of them, as at the neck of a tooth (Black).
This writer states that they may be especially clearly seen in
the pig, and that ¢ they are the principal fibres of the peri-
dental membrane included in the cemenfum in its growth,
" and furnish the means of taking firm hold of the peridental
membrane upon the root of the tooth. They are white con-
nective tissue fibres, the ends of which are included in the
matrix of the cementum sufficiently to make them apparent
when the lime salts are removed, but when both are ealeified
they cannot be demonstrated except in cases where there is
imperfeet caleification of the fibres, as has been mentioned
above.”

The thickness of the membrane appears to undergo a
diminution with age, by calcification encroaching upon it
from both the side of the bone and of the cementum.

Malassez (°) urges that an ordinary periosteum in this
situation would be too tender for the purposes of mastication
and that as it is not a mere enveloping membrane, but is
composed of fibrous bundles, which serve to * sling the tooth
in its place,” it should be called the alveolo-dental ligament.
He further compares it with the fibrous bands which in some
fishes serve to tie the tooth down to the bone where no tooth
sockets exist, and holds that it is strictly homologous with
these.
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At the surface of the cementum it is more richly cellular,
and here occur abundantly large soft nucleated plasm masses,
which are the osteoblasts concerned in making cemenfum.

The fibres, whether in longitudinal or in transverse sections,
rarely pass straight in the shortest possible line from the bone
to the eementum, but they usually pursue an oblique course,
which probably serves to allow for slight mobility of the tooth
without the fibres being stretched or forn.

Black (') gives the following account of the direction of the
fibres : Near the neck of the tooth some of the fibres arch
over the summit of the alveolus and blend with the periostenm
under the gum. A little lower down they pass across horizon-
tally, though when seen in transverse sections they do nof
pass quite directly, but are more or less tangential to the sur-
face of the cementum, while in the apical half of the tooth
they have an upward direction as they pass from the cemen-
tum fo the bone. As age advances the alveolar dental mem-
brane may become thinner, chiefly beecause it is eneroached
upon by the additional thickness of the cementum.

The blood vessels are most abundant in the membrane mid-
way between the bone and the cementum, or rather nearer to
the latter, but close to it there is a rich eapillary plexus with-
out large vessels. A good many of the arteries enter the apical
egion and divide to be distributed partly to the tooth pulp and
partly to the periosteum, some of them passing from the apex
to the gum ; they anastomose freely with vessels in the bone
and with those of the gum, so that the blood supply is not
easily interfered with.

The vaseular supply of the root membrane is, aceording 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 medullated
nerves distributed to the dental pulps; other filaments come
from the inter-alveolar eanals, viz., those spaces in the bone,
eontaining nerves and vessels, which are situated in the septa
separating the alveoli of contiguous teeth.

[t should be borne in mind that the tooth-pulp and the
tissue which beecomes the root membrane have sprung from the
same source, and were once continuous over the whole base of
the pulp. A recognition of this fact makes it easier to realise
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how it comes about that their vascular and nerveus systems
are so nearly identical.

deveral observers have laid stress upon the occurrence of
cells upon the surface of the ecementum, deep down in the tooth
sockets, which are unlike osteoblasts but are obviously epithe-
lial cells. It is claimed by von Brunn that the epithelial
sheath of Hertwig from the enamel-organ extends far below
the region where enamel is to be formed, and that it is, in
facet, co-extensive with the dentine, thus necessarily intervening
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Fig. 71.—Vertical section of the periodontal membrane. [ = Dentine,
€' = Cementum. K I, = * Epithelial débris™ of Malassez. BV, =
Blood vessel. 0.C. = Osteoclast. B = Bone of alveolar process,
f} = Ostenblast,

befween the denfine and the cement-forming tissue. Ie
deseribes the connective tissue bundles as growing through it
to attach themselves to the dentine, and thus cutting up the
remains of the enamel-organ into small isolated groups of
cells, which are to be found here and there in the adult alveolo-
dental periosteum.

Black described, in the sheep, another type of cells which he believed
to be lymph cells lining lymph canals; these are always found close to
cementum. Ie believed also, as corroborative of this view, that he had

D.A. 9
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been able to trace pus infiltration along these chains of cells. He
( 1899) still adheres to the idea that the acewmnulations of cells of epithelial
character found deep down in the socket are not the remains of the
epithelial sheath of Hertwig, but are really glandular structures. He
describes them as winding about and branching in every direction, and
gives a diagram of their arrangement as seen in a perspective longitudinal
view of the membrane, constructed from a number of sections. This
dingram is eminently suggestive of their being the remains of the
epithelial sheath which has become fenestrated like the spent tooth band
(p. 142), and after careful study of his text and figures it appears to the
author that the attribution to them of glandular nature rests upon the
slenderest foundation.

The human tooth is connected with the living organism very
intimately, even though its special tissues are extra-vascular.
For blood vessels and nerves enter the pulp in abundance;
and the dentine is organically connected with the pulp by the
dentinal fibrils.

A favourable place in which to study the nafure of the
alveolo-dental membrane is the rapidly changing tooth of the
crocodile. In it the membrane is very thick, and its bundles
of connective tissues very apparent.
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CHAPTER V.
THE DEVELOPMENT OF THE TEETH.

Tur development of the teeth is a process which, while
subject to modifications in the different groups of vertebrates,
nevertheless retains in all of them certain essential characters,
so that it becomes possible to embody its main features in a
oeneral account.

Prior to the commencement of any caleification there is
always a special disposition of the soft tissues at the spof
where a tooth is destined to be formed; and the name of
“ gooth-germ ” is given to those portions of the soft tissue
which are thus specially arranged. A part only of the soft
structures making up a tooth-germ becomes converted into the
dental tissues by a deposition of salts of lime within their own
substance. 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 prineipal tissues, namely, dentine, enamel, and
cementum, are formed from distinet parts of the tooth-germ,
and that it is customary to speak of the enamel-germ and the
dentine-germ. The existence of a special cement-germ 1is
asserted by Magitot, but as yet his deseription awaits confirma-
tion.

In the older anatomical works which the student may have
oceasion to consult, the process of tooth development is
deseribed as being divided into periods, under the names of
“ papillary,” * follicular,” and *“ eruptive” stages. These
stages were based upon false conceptions, upon theories now
known to be incorrect, and have now been absolutely
abandoned.

The account of the development of the teeth given in the
following pages (based, in the case of man and mammals, upon
the researches of Kolliker, Thiersch, Waldeyer, Rose, Leche,
and others; in the case of reptiles and fishes, upon those of
Huxley, Santi Sirena, Hertwig, Tomes, and others) will thus
be found to differ from the older accounts published by that
deservedly great authority, Sir Richard Owen. Modern
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methods of research have made it easy to demonstrate facts
heretofore not demonstrable: yet fifty years ago Professor
Huxley demonstrated in a remarkable paper (%) the incorrect-
ness of certain of the theories then promulgated. Of the
general accuracy of the following deseription the author is,
however, fully satisfied, and most of the facts may be easily
verified by any one desirous of so doing.

True tooth-germs are not formed quite upon the surface of
the jaw, but are situated at a little distance beneath it, in
many animals ultimately coming to lie at a considerable
depth.

A few exceptions to this statement may be cited. The dermal denticles
of sharks, which are homologous with their teeth, are formed near to the
surface, as are the first teeth of T'riton (newt), according to Rose, who says
that they sink in subsequently. Rose also appears to regard the tooth
germs of some osseous fish as in the same category, but Leche dissents
from this, and, indeed, considers Rise's view as merely a question of
terms.

FONE

w_"ff I._r._-l Ll 'H. '!\----JI

I .\;v lu....,.lr‘.r':";_..l"

A [ R .. PP i a
e, . r"‘""a- e JE J.-\.ll.!.l'\-"h.l'-.:f:l.. oy i et
g TP oy g ¥ 1 P i e AP e e F LS e we

F1G. 72.—Developing dermal denticle of a Selachian. (After Hertwig.)
. Enamel cells. & Epithelium of surface. e. Dentine papilla.
d. Formed dentine. ¢ Formed enamel. /. Cells of the mesoblast,

Every known tooth-germ consists in the first instance of
two portions, and two only, the enamel-germ and the dentine-
germ ; and these ave derived from distinet sources, the former
being a special development from the epithelinm of the mouth
and consequently epiblastic, the latter from the more under-
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lying parts of the sub-mucous tissue, and therefore mesoblastie.
Other things, such as a tooth capsule, may be subsequently
and secondarily formed, but in the first instance, every tooth-
germ consists of an enamel-germ and a dentine-germ only,
and the simplest tooth-germs may never develop any additional
parts. The existence of an enamel-organ in an early stage is
therefore perfectly independent of any subsequent formation
of enamel. Buf even before this was known the author had
shown that it may be found in the germs of teeth which have
no enamel. It exists, in fact, in every known tooth-germ.

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 is true
that the enamel-organ is the epithelium of the dentine-papilla.
Yet, although not absolutely untrue, such an expression might
mislead by implying that the enamel-organ is a secondary
development, whereas its appearance is antecedent to that of
the dentine-germ. The most general account that one can
give of the proeess is that in the future tooth-bearing part of
the jaw there is an involution of the superficial epithelium, or
rather of its deep layer. This downward growth consists of a
double layer of cells, which in section has somewhat the
appearance of a simple tubular gland.

At certain points a further development of the epithelium
takes place, forming enamel-organs, beneath each of which a
specialisation of the mesoblastic tissue goes om, forming the
dentine-papilla. The details of this process vary in different
ereatures.

In Mammalia the earliest changes which will ultimately
result in the formation of a tooth are traceable at a very
early period. In man these oceur before ossification has sef
i, while the lower jaw 1is represented solely by Meckel's car-
tilage as yet not fully formed and imbedded in embryonie
tissue and while the lateral processes, which will ultimately
become the maxillary bones, have only just reached as far as the
median process or pre-maxillary bone. That is o say, about
the fortieth or forty-fifth day of intra-uterine life, in the situa-
tion corresponding to the future alveolar border, there appears
in transverse sections an ingrowth of epithelium extending
along the whole length of the jaw, rounded on its deeper aspect.
This rapidly extends more deeply into the subjacent mesoblastic
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tissue, so that it comes to appear in section like a tubular gland,
although it is in reality a econtinuous sheet or lamina of epithe-
lium,* the primitive tooth-band or “ Zahnleiste” of German
authors.

In some animals, e.g., in Artiodactyles, and in some
marsupials, there is a considerable heaping up of epithelium
over the tooth-band (see Fig. 75). Leche takes exception fo
these figures as not representing an occurrence typical of all
mammals at this early stage. Nevertheless, it is a condition
which is present to a greater or less degree in many mammalian
embryos.

To this heaping up of epithelium (Zahnwall) over the
position of the ingrowth, though it occurs in man but to a

Fig. 73, —Embryo at end of fifth week. 1, 2. First two visceral arches.
a. Maxillary process. ¢ Tongue. b KEye. ¢ Lateral naso-frontal
process. nf. Median naso-frontal process. (After Carpenter.)

very slight extent and in only a part of the jaw, Rise attaches
importanee, as he considers it to be a remnant of free tooth
formation in the epithelium such as oceurs in the larval teeth
of fishes and amphibians.

About the same time that the tooth-band becomes
differentiated, an ingrowth of epithelium takes place all around
the outer surfaces of the jaws in the situation which is to be
oceupied by the vestibulum oris, or groove between the lips
and cheeks and the jaws; the future history of this ingrowth

* The epithelium having been removed by maceration or by keeping a
gpecimen in dilute spirit, a groove would result, and this is probably what
was seen and deseribed by Goodsir as the * primitive dental groove :' bat
as the student will gather from the text, there is at no time any such thing as
a deep open groove like that deseribed by him, unless it results from maceration
and consequent partial destraction of the specimen.
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being that it widens out and the cells which fill ifs interior
atrophy, so as to leave an open groove.

To this ingrowth the Germans give the name of “ Lippen-
furche,” a name for which no English equivalent has as yet
obtained currency, and a certain amount of difference of
opinion as to its exact origin exists. Rose considers thaf
the tooth-band and the lippenfurche have a common origin,
and that the primitive tooth-band splits longitudinally, its
outer division forming the lippenfurche and its inner division
being the true tooth-band, whilst Baume holds that the true
tooth-band originates in the lippenfurche. On the other hand,
Leche, an equally careful observer, considers that neither of
these statements has a general applicability, and that the
lippenfurche and the tooth-band have a simultaneous and
independent origin, at all events in many animals.

The question does not appear to be of any paramount
importance, as, even taking Rose’s own figures, the divarication
of the two epithelial inflections takes place at a time when
neither 1s advanced beyond the merest beginnings.

The successive stages of tooth development have been made more intel-
ligible by the researches and models of Rose, who has made use of Born’s
method of modelling. A complete series of =ections of uniform and
known thickness are made and photographed or traced with a camera
lucida to the same scale. The outlines of every fourth or fifth section are
then copied on to tracing-paper affixed to sheets of wax, the thickness of
the wax bearing a definite relation to the magnification of the sections

and to the thickness and number of those represented by each sheet.
The wax is then cut out round the line of the tracing, and the various

sheets of wax welded together.
It is obvious that if the wax sheets are of a thickness exactly propor-

tionate to the thickness and number of sections to which each corresponds,
and if the sheets so cut out are placed with their flat surfaces together,
they will, after being united by running a hot spatula along their edges,
exactly represent, on a magnified scale, the object in the solid.

But it is of course impossible to represent thus more than one set of
structures at a time, though, by makinz a tracing round any set that
may be selected, a solid model of that structure is the result.

The result of a study of models brings info prominence
the following facts: the original inflection (tooth-band,
epithelial lamina, or zahnleiste) at an early stage appears,
according to Rose, to divide into two portions, one of which,
the outer, runs nearly perpendicularly outwards from the jaw,
and is ultimately connected with the formation of the lip
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furrow, whilst the inmner, with which the reader is more
immediately concerned, passes into the tissues beneath, with
a slight inclination towards the middle line.

This stage is reached in the human embryo about the forty-
eighth day ; then near to, but not quite at, the free edge of the
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F1G. 74.—Three stages in the development of the human tooth-germ. The
right-hand side of the figure is the lingual or that towards the middle
line. (After Hertwig.) «. Primitive dental furrow (the existence of
which is doubtful). &. Tooth-band in section. ¢. Enamel-organ of
first. tooth. . Free end of tooth-band, to the inner side of which are
formed the enamel-organs of suceessional teeth.

tooth-band small elub-shaped thickenings appear at each point
where a tooth is about to be formed. Soon each cellular
accumulation assumes a bell shape, into the concavity of which
a papilla-like specialisation of the submucous fissue grows.

It is to be particularly noted that this formation of bell-
shaped future enamel-organs is not at the free edge of the
tooth-band or dental lamina, but only very near to if, so that
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the margin of the band is free to go on growing past them,
deeper into the submucous tissue, as may be seen in the
foregoing diagrams faken from Hertwig (). It is from this
further growing part of the tooth-band that the enamel-organs
of successional teeth, whether one or more, will ultimately be
derived. Thus the enamel-organs develop from the labial
gide of the footh-band and not from its lower free extremity.

When the bell-shaped cap which constitutes the enamel-
organ begins to form, it is, of course, somewhat erescentic
when viewed in seetion. The inner horn of the crescent is
formed to some extent by the terminal end of the tooth-band,
while the outer bends outwards from it a little way up, and the
whole is not detached to any appreciable degree by constriction
from the general body of the tooth-band ; so that for a little
time it looks as if the end of the tooth-band were wholly used
up in its formation. The band begins to grow rapidly beyond
it (Fig. 74), and from this further prolongation any successional
teeth-germs, if there are to be any, will be formed.

The tooth-germs, as has been stated, are formed always
upon the outer or labial aspect of the tooth-band, which is
inclined inwards towards the middle line; hence it follows
that when a tooth-germ lies upon the lingual side of another,
it necessarily belongs to a later generation of teeth, and wvice
versid. The position of the tooth-germs with relation to the
tooth-band has been aptly compared to  swallows’ nests built
against a board.”

Some writers attach so much importance to the growth of
the free edge of the tooth-band beyond and to the lingual side
of the forming tooth-germ that they consider that wherever it
exists thereisa possibility, a potentiality, of a further generation
of teeth being developed.*

While the tooth-band is continuous round the whole jaw,
ite further development, resulting in the formation of tooth-
germs, takes place at detached points only, where teeth are
going to be formed. These appear about the ninth week of
intra-uterine life in man.

The further development of an individual enamel-organ
may now be deseribed. The first result of rapid pro-

* For a full discussion on this point. vide Wilson and Hill, Quart. Journ.
Mier. Sci., London, 1896.
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liferation of cells is to bring it somewhat into the form of a
Florence flask ; then, as the future dentine-papilla becomes more
defined and pushes into it, the enamel-organ assumes the form

F16G. 75.—~Three stages in the development of a mammalian tooth-germ.

(After Frey.) «. Oral epithelium heaped up over germ (Zahnwall).
b. Younger epithelial cells. ¢. Deep layer of cells, or rete Malpighi.
d. Inflection of epithelium for enamel-germ (Zahnleiste). e. Stellate
reticulum. f. Dentine-germ. 4. Inner portion of future tooth-sac.
ft. Outer portion of future tooth-sac. i. Vessels cut across. % Bone
of jaw. These fignres are not quite complete, in that they do notshow
the continuation of the tooth-band beyond and to the lingual side of
the tooth-germs, and in that the Zahnwall is but a donbtfully typical
structure.

of a bell with a handle, like a dinner-bell, as may be seen in
the accompanying figures. At the same time the enamel-organ
recedes from the tooth-band so that it comes to be connected
with the latter only by a narrow double line of cells, as seen
in section ; this goes on ultimately to the detachment of the
enamel-organ from the tooth-band.
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Leche distingnishes three stages in the development of an
enamel-organ, which are of use in deseribing rudimentary
organs whieh do not proceed to full development, by giving a
definite indication of the stage to which they have gone on.

1. The bud-shaped germ.

2. The bell or cap-shaped germ, without differentiation of
its constituent cells.

3. The bell-shaped germ, with differentiation of its outer
and inner epithelia, or complete enamel-germ.

According to Leche, the detachment of the formed enamel-
organ from the tooth-band is the necessary accompaniment of
the formation of the next new successional tooth-germ, and
so long as the tooth-band retains its connection with the
surface epithelium and has a down-growth beyond the last-
formed tooth-germ, so long is there a possibility of the develop-
ment of more generations of teeth. He holds, therefore, that
in a region where these appearances obtain, it is a fair
inference that tooth-building is not yet concluded.

In the enlargement which constitutes the young enamel-
organ (bud-shaped stage) the cells upon the periphery are
columnar, polygonal cells ocecupying 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 cords of
epithelium which still connect it with the epithelium of the
surface, or it might in section be deseribed as erescentie, the
horns of the erescent being long, and pointing downwards.
Coinecident with the assumption of this form by the enamel-
germ, is the appearance of the dentine-germ ; buf it will
facilitate the description of the process to pursue the
development of the enamel-organ to a further stage.

A shallow furrow (the primitive dental furrow) has by this
time appeared on the free surface of the epithelinm in the
mouth, which corresponds with the situation of the tooth-band
(¢f. Fig. T4). The cells on the periphery of the enamel-organ
remain prismatie or eolumnar, but those in its centre become
transformed info a stellate network, in which conspicuouns
nuclei oceupy the centre of ramified cells, the processes from
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which anastomose freely with those of neighbouring cells
(see Fig. 82). This conversion of the cells into a stellate
reticulum is most marked quite in the eentre of the enamel-
organ. Near to its surface the processes of the cells are
short and inconspicuous, and the whole process strikingly
recalls the phenomena of colloid degeneration as observed in
certain tumours.

The transformation of the cells oceupying the centre and
constituting the bulk of the enamel-organ into a stellate
reticulum 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. A narrow layer of unaltered cells remains between
the stellate cells and the columnar enamel cells and is known
as the * stratum intermedinm.”

Leon Williams, however, does not consider that the cells have
changed into a stellate form, but that this stellate appearance is
an intercellular substance, from which the cells have been washed
out. Ile states that the spaces are not empty in preparations rapidly
fixed in Fleming’s or Hermann’s solution and examined in glycerine,
but that the contents are always lost in balsam preparations.
Williams is, so far as is known, the first to have observed and described
the contents of these spaces ; but the author does not think that
his observation 1s at all inconsistent with the view that the cells
bave undergone a sort of colloid degemeration, for it 1s characteristic
of colloid changes for the nucleus to be pressed out against the
periphery, and as the change goes on in a myxoma, or in colloid
degeneration of a cancer, a stellate-looking tissue comes to be formed
by the squeezing outwards of the nucleus and approximation of the walls
of neighbouring cells, whilst the colloid material is frequently lost from
the interior in eutting the section.

Eve (*) has also shown that in certain cystic tumours of the jaws
the epithelium which enters into them undergoes a sort of colloid
degeneration, resulting in appearances almost precisely resembling the
stellate tissue of the enamel-organ. The cells become much enlarged, and
the nuclei pressed against the cell-walls. The protoplasm of the individual
cells then becomes merged into a general mass, but the nuclei with por-
tions of the cell-walls attached to them remain, so that the resultant
tissue has much the appearance of fluttened cells with processes. Insome
places a drop of colloid substance forms within the individual cell, and
the protoplasm is expanded out into a thin layer, so that the nucleus is
pressed against the cell-wall, thus producing the characteristic signet-ring
appearance. Similar forms are to be found in enamel-organs. Thus a
eystic epithelium, probably identical in its origin with the enamel-organs,
may undergo a degenerative change, which brings it into close similarity
with this part of the enamel-organ.
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Thus far all the cells constifuting 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 surface con-
stituting the “ external epithelium ” of the enamel-organ do
not enlarge ; indeed according to some authors, they even com-
mence to flatten and 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 towards their extremities,
take on the character to be presently described as belonging to
the ““ enamel cells ” (enamel epithelium, internal epithelium of
the enamel-organ, adamantoblasts, or ameloblasts).

The enamel-organ, then, consists (proceeding from without
| inwards) of an “external epithelium,” a * stellate reticulum,”
a “stratum intermedium,” and an ““ internal epithelium,” the
external and internal epithelia being continuous at the edges
or base of the enamel-organ, while at its summit the external
epithelium remains still, through the medium of the “ neck of
the enamel-organ,” in continuity with the cells of the tooth-
band, and through them with the cells of the “siratum
Malpighi.”

Thus the enamel-organ is entirely derived from the oral
epithelium, with which, by means of its “ neck,” it long
retains a connection, so that it, and whatever produets it may
afterwards give rise to, are obviously to be regarded as
“ epithelial structures,” and epiblastic in their origin. But it
is the enamel-organ alone which is directly derived from the
epithelium ; the origin of the dentine-germ is quite distinet.

Degenerative changes begin to appear in the common tooth-
band so soon as the tooth-germs are well on their way in their
development, and fenestrations begin to form in it, so that,
instead of being a flat and complete sheet, it becomes a cribri-
form sheet ; hence a fallacious appearance of its being broken
up and no longer continuous with the surface results when
individual sections are viewed, it offen happening that
the plane of the section coincides with one of the perforations
in the sheet.

But, as has already been hinted, this ehange does not go on
uniformly evarywhme in the dental lamina, but only where
its work is nearly accomplished; thus at the ha-::k of the
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mouth, where more teeth have to be developed, it is still a
complete sheet, and to the lingual sides of the milk teeth where
the successional teeth are to be formed, it also remains complete
and continues to grow.

The same sort of change takes place in the necks of the
enamel-organs, and ultimately these, as well as the dental
lamina itself, break up into isolated islands of epithelium,
which sometimes seem to proliferate a little, and constitute
the little masses of epithelium known as the “glands of
Serres.”

[t is possible that these little nests of epithelinm may be
the site of certain new growths which sometimes arise in the|
jaws.*

So far the ingrowth of the epiblastic epithelium into the
mesoblastic tissue beneath it has been described, but wher-
ever this has gone on to the formation of an enamel-organ,
the mesoblastic tissue seems to be stimulated to growth,
leading to the formation of the dentine-germ. Leche thinks
that the differentiation and crowding of the cells of the
mesoblast may be at first merely the mechanical effect of the
vigorous ingrowth of epithelium, as he has observed it near to
the end of the tooth-band, i.c., at points where tooth-germs are
not going to be formed. However that may be, 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 first trace of a dentine-germ. }
This is at first a mere increase in the opacity of the part, with-
out any visible structural change, and it occupies the con-
caviby of the enamel-organ. Thus the dentine-germ appears
early, indeed almost simultaneously with the formation of the
definite enamel-organ, but the latter is far in advance of the
former in point of structural differentiation, and the earliest
changes resulting in the formation of the enamel-organ are
strikingly visible before a dentine-germ can be discovered.
Hence it has been suggested that the enamel-organ governs

* For a further consideration of epithelial nests in connection with developing
teeth, vide p. 360,

tThe term * dental papilla,” although eminently convenient, is associated
with an erroneous feature of the older views upon tooth development ; where it
is employed in the following pages, the student must guard against the miscon-
ception that free papille at any time exist in any animal.



144 A MANUAL OF DENTAL ANATOMY.

and determines the ultimate form of the tooth. 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 corresponding to the enamel-germs
of future teeth, and atrophies in their interspaces.

From the base of the dentine-bulb prolongations pass out-
wards and slightly upwards, so that they in a measure embrace
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 are the rudiments of the
dental sac or capsule. In their origin, therefore, the dental
sac and the dentine-organ are identical, and spring from the
submucous tissue: they contrast with the enamel-organ,
which, as before said, is derived from the oral epithelium.

To recapitulate briefly the facts which are now esfablished
beyond all question, the early mammalian tooth-germ consists
of three parts, one of which, the enamel-organ, is derived from
the epithelium of the surface; the other two, the denfine-organ
and the dental sae, originate in the midst of solid embryonie
tissue at a distance from the surface; the one is eederonic or
epiblastie, and the other enderonic or mesoblastic. The enamel-
organ is formed by a rapid increase of cells near to the bottom
of a process which dips in from the stratum Malpighi of the
oral epithelium; the denfine-germ and the dental sac are
formed in elose continuity to this enamel-organ from the sub-
mucous bissue.

It there were a * basement membrane " demonstrable in the
mucous tissues at this early period (which there is not) the
enamel-organ and the dentine-organ would lie upon the
opposite sides of it.

Malassez insists much upon the significance of remnants of
epithelium left after the atrophy of the enamel-organ; some
of these he believes that he has found in the alveolo-dental
membrane (Fig. 71). 'This is confirmed, as to developing teeth,
by von Brunn (*), who states that in rodents the enamel-organ
extends far down, in faect, the whole length of the roofs, and
figures the fibres of the alveolo-dental periosteum as growing
through it to take hold of the cementum ; it seems possible
that these cells are the same which Black and Xavier Sudduth
consider to be portions of a lymphatie system.
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Before leaving the subject of the enmamel-organ, it may be
mentioned that several writers, notably von Brunn and
Ballowitz (1), hold that the primary function of the enamel-
organ is that of determining the form of the future tooth;
even going so far as to suggest that its caleification to form
enamel is in some animals a secondary funetion, taken on later.
In support of this contention they urge that enamel-organs
are universal, even where no enamel is found : and, that in
teeth where there is a partial investment of enamel on the
dentine the enamel-organ extends far beyond the enamel
limits.

Moreover, they trace extensions of the enamel-organ right
down to the botfom of the roots in those feeth where the
whole crown only is invested with enamel. Indeed, von
Brunn says that it is to be traced between the roots of a three-
rooted tooth, so that it may be compared to something envelop-
ing a three-legged stool, creeping round its edges, its under-
side, and finally growing down as an envelope to each leg. Its
presence 18 confirmed by Riose, who says, that so soon as its
increase downwards ceases, so does that of the dentine. Thus
von Brunn holds that everywhere where dentineis to be formed
there is an antecedent “ form-building ” investment of enamel-
organ ; and to this, and not to any retrogression, he would
attribute the enamel-organ of Edentata.

But whatever may be thought as to its * form-building ™
functions, recent researches into aborfed and rudimentary
teeth of mammals render it quite certain that in that class at
all events a complete dentition of enamelled teeth was the rule,
and that those which have lost, or partly lost, their teeth have
arrived at this state by degeneration, so that it seems a fair
inference to suppose that where enamel is absent, that also is
in the nature of a degeneration.

The development of the teeth in lower vertebrates has, as
already mentioned, very much that is common to them and to

the higher, the prineipal difference lying in the arrangements _

for suceession.

Elasmobranch Fishes.—If a transverse section through
the jaw of a dog-fish (Seyllium canicula) be examined, it will
be found that the developing teeth lie upon the inside of the
cartilaginons jaws, the youngest being at the bottom
(Fig. 76). Progressing upwards, each tooth is more fully

D.A. 10



146 A MANUAL OF DENTAL ANATOMY.

calcified till, at the border of the jaw, are situated the functional
organs and those teeth whose period of greatest usefulness is
passed and which are about to be east 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 this figure four teeth advanced in calcification are repre-
sented, while beneath them are three footh-germs in earlier
stages of development. Of the former two only are fully

F'1G. 76.—Transverse section of lower jaw of a dog-fish. «. Oral epithelinm.
b. Oral epithelium passing on to flap. e Protecting flap of mucous
membrane (thecal fold). 4. Youngest dentine pulp. e Youngest
enamel-organ. £, Toothabout to be shed, g. Cartilage of jaw., Note
the great development of enamel cells over the third papilla from the

hase.

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 situ.

All the teeth not fully ecalcified are covered in and
protected by a reflexion upwards of the mueous membrane
(¢ in the figure), which serves fo protect them during
caleification.

But although this may be termed a fold reflected upwards,
it is not, as was supposed by Sir Richard Owen, a free flap,
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detached from 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 bottom
of such fissure, and then ascend upon the other as a distinet
layer. On the contrary, we have here that inward growing
inflection of epithelium known as the * tooth-band " (zahn-
leiste). 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 there is no breach of surface : the epithelium
of the jaw is seen in the figure, in which the epithelial layer
is represented as broken just at the point between the third
and fourth teeth, where the tooth band dips in.

The conditions met with in the Elasmobranch fishes are
peculiarly favourable for the determination of the homologies
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-papille
arise blends insensibly with that making up the substance of
the theeal fold on the one hand, and, on the other, with that
clothing the concavity of the jaw and giving attachment to
the teeth.

No sharp line of demarcation at any time marks off the base
of the dentine-papilla from the tissue which surrounds if, and
from which it springs up, as would be the case in mammalian
or reptilian tooth-germs; all that can be said is, that the
dentine-germs are cellular, the cells being large and rounded,
while in the rest of the muecous membrane the fibrillar elements
preponderate, so that it passes by 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 epithelium, nor can
it be doubted that the enamel-organs are simply the modified
epithelium of that same mueous membrane.

Of course there is nothing new in this conelusion, which had
been already arrived at by the study of other creatures, but
the sharks happen to demonstrate it with more clearness than
those other animals in whom the original nature of the process

* Compare the description of the dermal spine (pp. 3 and 133).
10—2
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is more or less masked by the introduetion of further ecom-
plexities. Hence it is worth while to study carefully the
relations of the epithelium constituting the enamel-organs
with that of the surface of the mouth.

As has been already mentioned, in the normal condition of
the part there is no deep fissure on the inner side of the jaw,
but the epithelinm passes across (from the interspace between
the third and fourth teeth in the figure) on to the protecting
fold of mucous membrane (¢ in Fig. 76). The epithelium in this
situation does not, then, consist simply of one layer going
down on the one side and covering the tooth-germs, and then
reflected up at the bottom to coat the inner side of the thecal
fold, but 1t 1s an inflexion of the deep layer of a tooth-band ;
it is termed the *‘ enamel-organ  because over the tooth-germs
these epithelial cells assume a marked columnar character,
and are very different in appearance from the epithelium else-
where, especially at that stage during which enamel formation
is most active,

The terminal portion of this tooth-band runs beyond the
youngest enamel-germ, which forms a bell-like ecap over the
eminence of connective tissue which constitutes the earliest
dentine-germ, and in section i1s of the form shown in the
figure. The surface next to the denfine-papilla consists of
elongated columnar cells. with nuclei near fo their middles,
while the rest of its substance is made up of much smaller
cells, some of which have inosculating processes, so that they
constifute 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
continuity of all the enamel-organs, even when displaced in
eutting sections, so that the whole might almost be deseribed as
forming one composite enamel-organ. The columnar cells
already alluded to invest the whole surface which is directed
towards the forming teeth, but they atrophy somewhat in the
interspaces of the tooth-germs.

Before proceeding further in the deseription of the develop-
ment of the tooth-germs, it will be well to refer again to an
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;
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henee, as is seen in the figure, the spines which clothe the
skin come close to the dentigerons surface of the jaw.
Although there are differences in form and size, a glance
at the figure will demonstrate the homological identity of the
teeth and the dermal spines. As the dog-fish increases in size,
this continuity of the teeth with the dermal spines on the out-
side of the head becomes interrupted by an extension of the
gkin to form a lip. This happens earlier in the upper jaw than
in the lower, and at first the spines are continued over the
edge and the inside of the newly-formed lip—from these
situations, however, they soon disappear. In structure, the
teeth and the dermal spines are, in many species, very closely
similar; the latter are, however, much less often shed and

FiG. 7T—Section 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 and over its end.

reproduced, so that it is less easy to find them in all stages of
their growth ; the author believes, however, that they follow a
course essentially similar to that of the teeth.

It is stated by Gegenbaur (°) that in Selachia the mucous
membrane of the mouth is clothed with spines of a struecture
similar to shat of the teeth, and that these spines are often
limited to particular regions, extending back as far as the
pharynx—these same regions in Ganoid and Osseous fishes
being occupied by conspicuous teeth; and Hertwig (") has
shown that the dermal spines are developed in a manner
precisely similar to that deseribed in the teeth, save that the
germs are even less specialised.

There are certain peculiarities in the enamel-organ of
Selachia, and also in the dentine-papill@, which may be more
advantageously deseribed in connection with caleification.
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Teleostei or Osseous Fishes.—In passing from the
consideration of the development of the tooth-germs of
Elasmobranch to those of Osseous fishes, the first difference
to be noted is this: whereas in the former each tooth-germ
was, 80 far as the enamel-germ is concerned, easily seen to
be derived from the general tooth-band, in the latter each
enamel-germ apparently often rises independently, and, as
it were, de novo. At all events, so far as the author's inves-
tigations go, no obvious connection between the germs of teeth
of different ages is visible ; but Heincke (*) says that in the
pike new enamel-organs may be derived from older ones.

This apparently independent origin of an indefinite number
of teeth, having no relation to their predecessors, only occurs

F1e. 78.—Tooth-germ” of an eel. d. Neck of enamel-organ. e, Enamel-
cells. a. Cap of enamel. &. Cap of dentine. ¢. Rudimentary enamel
cells opposite to that part of the dentine-germ where no enamel will Le
formed.

in the osseous fish : in them it is likely that the germs so soon
become detached that their origin from any common tooth-
band is masked : of the development of the teeth of Ganoid
fish next to 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 dentine-
papilla in rising up to meet it comes to be invested by it as
with a cap. The after-history of the process depends much
on the character of tooth which is 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 insignificant, as in the
mackerel. If, on the other hand, a partial investment of
enamel is found upon the perfected tooth, such, for instance,
as the little enamel tips upon the teeth of the hake (see
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Fig. 51), 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 ;15 of an inech in length ;
below this the investing cap of the enamel-organ does not cease,
but it is considered to be in a sort of rudimentary condition.
Thus, although the enamel-organ invests the whole length of
the dentine-papilla, its cells only attain fo 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 inspection of the tooth-germ, whether it is probable that
the perfected tooth will be coated with enamel or not. Inany
case an enamel-organ will be there, but if no enamel is to be
formed, the individual cells do not attain to any considerable
degree of differentiation from the epithelium 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 (Fig. 78).

Although of course there are many differences of detail
arising from the very various situations in which teefh arve
developed in fish, so great uniformity pervades all which have
been examined, that the development of the teeth of reptiles
may now be considered, 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.

Amphibia and Reptilia.—So far as the appearances
presented by the individual germs go, there are few differences
worthy of note to be found by which they are distinguishable
from those of either fish or mammals. The enamel-organ is
derived from the tooth-band, and the dentine-organ from the
submucous tissue in a very similar manner ; 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 little interest. The constant succession of new
teeth met with amongst almost all veptiles renders it easy to
obtain sections showing the feeth 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, which may
be called the “ arvea of tooth development ™ ; fthis is bounded
on the one side by the bone and teeth which it carries, and
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on the other by a more or less sharply defined wall of fibrous
connective tissue. In the newt, for example (Fig. 79), fo the
left of the tooth in use are seen three tooth-saes, in serial order,
the youngest being nearest to the median line of the mouth.
As the saes inerease in size they appear to undergo a sort of
migration towards the edge of the jaw, while simultaneously
new ones are constantly being developed beyond them. The
ingrowth of the epithelium is obviously the first step apparent;
this ingrowth of a process of epithelium or tooth-band always
extends beyond and inside the youngest dentine-papilla, and
each new enamel-organ is formed from its side near its growing

Fia. 79.—Section of upper jaw of I'rifer cristatus (newt). To the inner
side of the tooth attached to the bone are three younger tooth germs.

end. New enamel-organs are therefore not derived directly
from the epithelium of the surface, but from the deep end of
the tooth-band.

In this amphibian, 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 advantage-
ously compared with that seen in the dog-fish (see Fig. 76).

The tooth-sac of the newt is a good example of the simplest
form of tooth-germ, consisting solely of an enamel-organ and
a dentine-germ, without any especial investment. The ““germ”
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18 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 differ from
them in being 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 supported teeth,
and so confining the area of tooth development within very
narrow limits. Consequently the author has been unable to
satisfy himself whether the new tooth-germs, or rather their
enamel-organs, are derived from the primitive tooth-band or
spring up de novo ; analogy would indicate the former, but
appearances tend towards the latter supposition.

There is also a peculiarity in the development of the feeth of
some reptiles in that the first formed tooth is developed, like the
dermal spine of a shark, very close to the surface; in fact,
Rose affirms that the first tooth-germ of the erocodile is actually
an upstanding papilla.

This, however, is not confirmed by Leche, who says he has
never seen an actual free papilla, but he deseribes and figures
in the iguana a little first rudimentary tooth almost in the
surface epithelium, and shows that the tooth-band sinks in
deeper and deeper by the side of this, till at last the succes-
sional feeth are formed as deep as possible on the surface of
the jaw-bone, into which, however, they do not pass.

In the lizards the new tooth-germs are formed a very long
way beneath the surface, so that the neck of the enamel-organ
becomes enormously elongated, for the dentine papilla is, just
as in the newt, situated 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 being identical with that of mammalia, its deseription
may be for the present deferred.

Some lizard-like animals, such as Sphenodon and the
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chameleon, present no evidence of successional teeth being
formed, though in them, though acrodont, a ** tooth-band  is
to be seen to the inner side of the functional tooth (Rose).

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 no data are known
by which the probable duration of the life of an individual
tooth could be estimated, the large number of teeth which are

F'1G. 80.—Transverse section of the lower jaw of common English snake.
e. Involution of epithelium. f. Oral epithelium. 1, 2, 3, &c. Tooth-
germs of various ages. 8. Tooth in place, cut somewhat obliguely,
so that its tip apparently falls short of its surface, and does not project
above the mucous membrane.

developing in reserve, all destined to succeed to the same spof
upon the jaws, would indicate that it is short.

The author has seen as many as seven successional 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. Thenumerous successional
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 connective tissue—
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a species of bag to keep them from displacement during the
expansion of the mouth.

The inward growing process of oral epithelium enters this
collection 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

FiG. 81.-—Developing teeth of a snake. /. Oral epithelium. e. Neck of
the enamel-organs. &. Dentine-pulp. e Enamel cells. 4. Dentine,
1, 2, Very young germs. 3, 4. Older germs.

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

That the derivation of each enamel-organ is from a part of
that of the tooth-band is very obwious; the dentine-organs
are formed in relation with the enamel-germs, but apparently
independently of one another.

As the tooth-saes attain considerable dimensions, a curious
alteration in position takes place; instead of preserving a ver-
tical position, they become recumbent, so that the developing
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, its
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point would probably be forced through the mueous membrane
when the mouth was put upon the streteh ; but while it lies
nearly parallel with the jaw no such aceident ean 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 external layer upon the
teeth of snakes is probably true enamel, and not, as has been
usually supposed, eementum.

The essential feature in the development of reptilian feeth
is the indefinitely repeated succession which is the typiecal
condition, though, as already mentioned, in some instances it
has become limited or entirely lost: this seems to have been
the case in the most mammalian of reptiles, the Anomodont
group. The question of succession has, however, of lafe
years, become so important, and there is such a voluminous
literature, that it will require special notice, and a seetion will
be devoted to it.

Mammalia.—The mammalian enamel-organ, as has
already been stated, forms a cap-like investment to the
dentine papilla, and it is itself thickest over fthe apex of
the latter, becoming more attenuated as it approaches the
base.

It 1s entirely surrounded by an epithelial layer, which, upon
the inner surface, applied to the dentine-bulb, consists of very
elongated colummnar cells, and takes the name of internal
epithelivin of the enamel-organ, and upon its outer surface the
name of external epithelium of the enamel-organ. The great
bulk of the early mammalian organ consists of a stellate
tissue, which passes somewhat abrupfly through the medium
of a layer of rounded cells, the stratum intermediuwm, into the
enamel cells (ameloblasts), or internal epithelivm. The essential
portion of the enamel-organ is this layer of *enamel cells,”
which give rise to the enamel. In lower animals, and most,
it not all, reptiles, the whole enamel-organ is represented by
little else than this layer of * enamel eells.”

The internal epithelinm (enamel cells) consist of an exceed-
ingly regular and perfect columnar epithelium, the individual
cells becoming by result of their mutual apposition fairly
symmetrical hexagons.
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They are four or five times as long as they are broad, and
the nueleus, which is large and oval, lies near to thaf end
which is farthest from the dentine. According to Waldeyer (1)
the sides of the cells only are invested by membrane, the
protoplasm being without investment af its two ends. On the
other hand Leon Williams deseribes structures at both ends
of the cells, and calls them the ‘ inner and outer ameloblastic
membranes.”

Towards the base of the denfine-germ, where the internal
epithelium merges into the external epithelinin, the cells are
not so much elongated, and they pass gradually into the
cubical form of these latter cells. At their attached extremities
the enamel cells are prolonged into processes which are con-
tinuous with the cells of the stratum intermediwm, so that it

Fie. 82— Cells of the stellate reticulum of the enamel organ. (From
Frey's “ Histology.™)

has sometimes been concluded that the enamel cells, as they
are used up in the formation of enamel, are reeruited from the
cells of this layer.

The stratwm intermedium consists of cells intermediate in
character between those of the bordering epithelium and the
stellate reticulum ; they are branched, but less conspicuously
so than the stellate cells.
~ The stellate cells proper are characterised by the great
length of their communicating processes, and the interspace
of the meshes is occupied by a fluid rich in albumen, so that
the consistence of the whole is little more than that of jelly.
As the structure in question constitutes the major part in
bulk of mammalian enamel-organs, these have been called the
enamel jellies, or enamel pulps.

The funetion and destination of this portion of the enamel-
organ is not very clear : enamel can be very well formed with-
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out it, as is seen amongst reptiles and fish, and even in
mammalia it disappears prior to the completion of the tissue,
so that a great deal of the enamel is formed after the external
and internal epithelia have come into contact. It has been
supposed to have no more important funetion than fo fill up
“the space subsequently taken up by the growing tooth.

It has been pointed out by Dr. Paul (loc. cit.) that this is
after all not an unimportant office ; the tooth-sae is regular in
outline, the apices of the cusps, &e., of the forming tooth very
much the reverse; and it is familiar to every histologist that
the distribution of the stellate tissue is very unequal, even at
the period of its greatest development, the forming tooth in
some places coming elose to the tooth-sae, in others having a
oreat thickness of stellate reticulum over it. Its thickness
bears no relation whatever to the amount of enamel that is
to be formed : thus, as just mentioned, over the apices of the
cusps it is often almost absent.

The external epithelium of the enamel-organ is composed
of cells cubical or rounded in form, and is of little interest
save in that 1t 18 a matter of controversy what beecomes of if.
Waldeyer holds to his opinion that, after the disappearance
of the enamel pulp and the stratum intermedium, it becomes
applied to the enamel cells, and on the completion of the
enamel becomes 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. The external
epithelium was seen by Nasmyth, Huxley, and Guillot, but
it was not very fully deseribed until investigated by Robin
and Magitot.

Recently Dr. Paul has adduced strong evidence in favour
of Waldeyer’s view, which has already been quoted in relation
to Nasmyth's membrane.

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 ;
Xavier Sudduth has uniformly failed to detect vessels in it,
but Dr. Lionel Beale, on the other hand, states that a vaseular
network lies in the stratum intermedium, and this is eonfirmed
by Professors Howes and Poulton (1°) in the rat ; and Hopewell-
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Smith and Marett Tims in a joint paper () have recently
deseribed the presence of vessels, containing blood corpuscles,
in the enamel-organ of the wallaby. See Fig. 83.

Paul, however, has uniformly failed to discover vessels in it, " and
is inclined to believe that those observers who have thought that they
have detected them have been deceived by the very close resemblance. to
the stellate tissue of the enamel which is borne by the tissues external to
the tooth-sae, which, after the disappearance of the stellate reticulum

Fic. 83.-—Showing the presence of blood-vessels within the stellate
reticulum of an enamel-organ of Macropus billardieri (after Tims and
Hopewell-Smith. Proc. Zoolog. Soc. Lond., 1911),

and the coalescence of the external and internal epithelinm, would come
to lie close against the enamel cells, bringing with them their rich supply
of vessels. ILeon Williams believes that in some animals the stratum
intermedium itself becomes transformed into papilliform elements which
contain vessels, and claims that in this respect the enamel-organ is
vascular, and that his untouched photographs prove this, On the other
hand, he states that this does not occur at the outset of enamel formation,
and, apart from the inherent improbability of a change of an important
kind in the formative organs without any corresponding change in the
resultant tissue, the author cannot see that the photographs exclude
Dr. Paul’s explanation, as the stellate tissue seems always to have
disappeared prior to the existence of these papille.

For his own part, the author has had under observation a very large
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number of enamel-organs, and he has neverseen a blood-vessel which
appeared to him to be unquestionably in the enamel-organ. Af all events,
the origin of blood-vessels in the tissue in the ordinary way of bload-
vessel formation is not likely to happen in a purely epithelial mass : if
they do not originate in it, then, if there at all, they must have grown
into it from without, 4.e., from the tooth-sac.

But none of those who claim that they exist have either described or
figured their origin in either of these methods. Hopewell-Smith, who
believes in the vascularity of the enamel organ, has a photomicrograph
in his ‘ Histology and Patho-Histology of the Teeth and Associated
Parts,” which is apparently quite inconclusive.

The inner surface of the enamel-organ, where it 1= applied to the
dentine bulb, presents a perfectly smooth outline, but its outer surface
is thus, at all events, in some animals indented by numerous papillary
projections, into which enter blood-vessels of the dental sacenlus. 1If 1s
believed that they exercise an influence on the formation of the enamel,
to which again reference will be made; but their existence is denied by
Sudduth during the period of activity of the organ.
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CHAPTER VI.
CALCIFICATION OF ENAMEL, DENTINE AND CEMENTUM,.

Berorn proceeding to an account of the actual formation of
the enamel it will be useful to discuss the question of caleifica-
tion in general. A tissue is said to be “ calcified” when the
organie structures of which if is composed are hardened and
stiffened by impregnation with salts of lime. The impregnation
with lime salts 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 malke
a very minute percentage of the whole, so that practically the
enamel wholly disappears under the influence of an acid; or
the organic matrix may persist in sufficient quantify to retain
ita struetural characteristics after the removal by solufion in
an acid of its salts, as is the ease with dentine, bone, and
cementum. There are two ways in which a caleified structure
may be built up: the one by the deposition of the salts in the
very substance of a formative organ, which thus becomes
actually converted into the calcified structure; the other by a
formative organ shedding out from its surface both the organie
and inorganic 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 molluses, 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 ealeification by conversion.

The insoluble salts of lime are altered in their behaviour by
association with organie compounds, a fact which was first
pointed out by Rainey (%), and has been more recently worked
out by Harting (*) and Oxd.

If a solution of a soluble salt of lime be slowly mixed with
another solution capable of precipitating the lime, the resultant

* All ohservers are not, however, agreed as to the formation of the enamel.
(CL, p. 167).
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lime salt will go down in the form of an amorphous powder,
or, under some cirecumstances, in minute crystals. DBut in
the presence of gelatine, albumen, and many other organic
compounds, the form and physical character of the lime salts
are materially altered, and in the place of an amorphous
powder there are found various curious but definite forms,
quite unlike the character of erystals produced without the
intervention of the organie substance.

Rainey found that if caleium carbonate be slowly formed
in a thick solution of mucilage or albumen the resultant salt
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F1G. 84.—Calecospherites.

is in the form of globules, coneentrically laminated in strueture,
so that they may be likened to tiny onions. These globules,
when in contaet, become agglomerated into a single laminated
mass, appearing as if the lamin® in immediate apposition
blended with one another. Globular masses, at one time
of mulberry-like form, lose the individuality of their con-
stituent smaller globules, and become smoothed down info
a single mass. Rainey suggests as an explanation of the
laminated strueture that the smaller masses have acenmu-
lated in concentric layers which have subsequently coalesced ;
and in the substitution of the globular for the amorphous

11—2
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or crystalline form in the salt of lime when in contact with
various organic substances, he claimed to find the clue for
the explanation of the development of shells, teeth, and
bone. At this point Professor Harting took up the investiga-
tion, and found that other salts of lime would behave in
a similar 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
“caleospherites,” by which name he designated the globular
forms seen and described by Rainey. That these are built up
of coneentrie laming like an onion has already been mentioned,
and Rainey was aware that albumen actually entered into
the composition of the globule, since it retained its form even
after the application of acid.

But caleoglobulin was also found in a comparatively
amorphous condition, formed without any precipitate round
a crystal of caleinm chloride plunged into albumen ; and if was
further found that the presence of phosphates modified the
result.

A precipifate obtained in gelatine and consisting of ear-
bonate alone was at first membranous, but passed rapidly
into the globular and erystalline forms: a preecipitate of
phosphate alone was at once erystalline without passing
through any colloidal stage, but a precipitate of bicarbonates
and phosphates retained for an indefinite time this intermediate
form ; and it is noteworthy that in bone, dentine and enamel
phosphates and carbonates are invariably associated. Harting
failed to produce caleospherites when experimenting with
coagulated albumen, with tendons, or with decalcified bone
matrix, but he succeeded with cartilage.

But Harting has shown that the albumen left behind
after the treatment of a caleospherite 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 faect, resembles chitin, the substance
of which the hard integuments of insects consist.

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 its last traces are very

* Thus he was successful in artificially producing “ dumb-bell ' erystals.
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obstinately retained when * calecoglobulin ” is submitted to the
action of acids.

The * calcospherite,” then, has a true maftrix of calco-
globulin, which is capable of retaining its form and structure
after the removal of the great bulk of the lime, and this
stains strongly with carmine and other stains.

Now it is a very suggestive fact that in the investigation of
calcification, structures remarkable for their indestructibility
are constantly met with; for example, if dentine is destroyed
by the action of very strong aecids, or by variously contrived
processes of decalcification, putrefaction, &e., there remains
behind a tangled mass of tubes, the * dentinal sheaths ” of
Neumann, which are really the immediate walls of the
dentinal tubes.

Or if bone be disintegrated by certain methods there are
separated large tubes, found fo be the linings of the Haversian
canals (Kolliker), and small rounded bodies recognisable as
isolated lacuns. The translucent pellicle of Nasmyth's
membrane affords also another excellent example of this
peculiarly indestructible tissue.

In point of fact, as will be better seen after the development
of the dental tissues has been more fully described, there exists
very constantly, on the borderland of caleification, between the
completed fully ecalcified tissue and the formative matrix as
yet not fully impregnated with lime, a stratum of tissue
which in its physieal and chemieal properties very much
resembles * ealcoglobulin.”

It should also be noted that globular spherical forms are
very frequently to be seen in the enamel cells, at the edges of
the thin cap of forming dentine, and around the interglobular
spaces (see I'ig. 40) ; moreover, isolated spherules of lime salfs
have been deseribed by Robin and Magitot as oceurring
abundantly in the young pulps of human teeth, as well as
those in the herbivora, where their presence was noted by
Henle. Perhaps all deposit of lime salts commences in this
way.

In an instructive paper, Sims Woodhead (**) advocates the
view that a calcification is in some measure a change in the
direction of degeneration, for which there is needed (1) devita-
lised tissue in which albuminoid matter is present; (2) a layer
of formed material such as fibrous tissue or some membrane
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(in bone both of these are represented by the matrix, the
fibrous tissue of which, in the centre of one of the trabeeulwe,
is practically devoid of cells, the layer near the surface being
merely a membrane in which a few cells remain); (3) the
layer of proliferating cells always found in the region of any
foreign or dead mass, these cells being the osteoblasts of bony
tissues, and amongst their functions, as regards calcification,
perhaps the most important being the generation of carbonic
acid.

He writes : “ The osteoblasts lay down a matrix of formed
material ; the more active the cells within eertain limits the
greater the relative amount of the matrix. This matrix may be
looked upon as inert or dead organie matter, which corresponds
to a membrane through which dialysis may take place, or rather
the layers near the two surfaces may be so considered, and as
the molecular combinations of the phosphoric acid and lime
take place around the osteoblasts (which, as before stated,
during their active formative stages give off carbonic acid to
render the lime for the time being insoluble), there is a con-
tinuous process by dialysis of separation of these lime salts.
We look upon the formed dialysing membrane that serves to
separate the lime salts prepared in its immediate neighbour-
hood by the carbonie acid forming cells; this earbonie acid
causes a throwing down of phosphates of lime, with a small
proportion of lime in which the phosphoric acid is usually
replaced by carbonic acid.”

It Hoppe Seyler is correct in supposing that the salt which
hardens bone, dentine, and enamel is a double salt, in which
one equivalent of lime carbonate is combined with three
equivalents of lime phosphate, then the share taken by the
carbonie acid set free under Sims Woodhead’s theory becomes
easily understood. (Cf. p. 85.)

It must be remembered, however, that in all these experi-
ments carbonates give the best results without phosphates,
and the experiments must be regarded as a parallel to,
rather than as actually reproducing, what goes on in actual
caleification.

Calcification of the Enamel.—Although the caleification
of the dentine commences before that of the enamel, it will be
convenient to deseribe that of the enamel first, as being perhaps
a somewhat simpler and more easily intelligible process.
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Two views have been held as to the formation of this tissue,
(i.) that it is formed by the actual conversion of the cells of
the enamel-organ into enamel ; (ii.) that it is in some sense
secreted or shed out by these cells. In support of this latter
theory the names of no less authorities than Huxley, Kolliker,
Magitot, and others may be adduced, but some of the grounds
on which their decisions were based are appearances susceptible
of a different interpretation. Kolliker considers that the cells
do not undergo any direct conversion, buf that the enamel is
shed out from the ends of the enamel cells, the enamel fibre
therefore corresponding in size and being continuous with the
enamel cells whence they were shed out.

The cells would thus elaborate, and, so to speak, plaster
from their free ends the material in question upon the
already-formed enamel, they themselves retaining their own
integrity. Without laying too much stress upon an analogy
which is only partial, there may be cited the resemblance in
the resultant products in the case of enamel, and in the case
of the shells of certain molluses, say, for example, Pinna. In
the latter the shell is formed intermittently by the margins
of the mantle, which are eclosely applied to if, but are at any
time separable, so that it is difficult to suppose that any con-
version of its constituent cells can take place. It would rather
seem cerfain that something must be shed out from their ends,
which is hardened by the deposition in or with it of lime salts.
The shell of Pinna contains so large an amount of organie
matter that its struecture is retained even after the removal of
the lime by means of an acid; and it is conceivable that
the cells of the mantle are at work, elaborating their
products like so many bees plastering wax upon a honey-
comb.

But whether the enamel cells manufacture something which
they shed off their exfremities, or are themselves converted
into hard tissue by the deposition of lime within their own
substance, no one doubts that they preside over the process
and determine the form of the result.

The cells of the internal epithelium of the enamel-organ
or enamel cells have been already in some measure deseribed.
They are elongated cells, forming a very regular columnar
epithelinm, and are hence rendered more or less hexagonal
by mutual apposition ; they vary in their length and diameter
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in different animals, but always correspond in diameter with
the complete enamel rods.

To secure uniformity of nomenclature, the name ameloblast
has been proposed for them, as being better comparable with
the terms odontoblast and osteoblast.

Although they are connected with the cells of the stratum
intermedinm by a process at their bases, they often 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 capsule is opened the enamel cells are most
easily obtained by scraping the surface of the enamel. The
cells thus torn away often have tapering processes at the ends
directed towards the enamel, and are called * Tomes’ processes.”
The cells are also slightly enlarged at these extremities,
especially if they have been immersed in glycerine or any such

Fii, 85.—Enamel cells with Tomes' processes.

fluid which causes their shrinkage, perhaps because this end of
the cell having received a partial impregnation with lime salt
at its periphery, and therefore being rigid, is unable to contract
with the rest of the cell. These enlarged, everted ends often
show a very sharp contour, their trumpet-like mouths tending
to confirm the statement of Waldeyer, that the protoplasm
of the cell is not covered by membrane at its ends. The
nucleus is large and oval, often occupying the whole width of
the cell, and it lies near to that end of the cell which is
farthest from the forming enamel. It contains granules of
chromatin, and is of delicate reticular structure; there are also
generally one or several nucleoli.

Sometimes the nucleus is square or angular. It is not
uncommon for it to appear erescentic on section, the horns
of the crescent being directed towards the young enamel
(Fig. 90), and there is also sometimes an appearance as
though the horns were continued into filamentous processes.
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If such processes have any real existence, it is very possible
that these shapes of the nuecleus may be due to its being,
so to speak, dragged upon during its recession from the
forming enamel ; for there is practically no doubt that a
single ameloblast forms the whole length of an enamel rod,
and therefore is constantly receding as more enamel is formed.
There is also a delicate reticular appearance in the body of
the cell, and, in addition, there are to be seen little spherules
or oval bodies, transparent, structureless and highly refrac-
tive, which sometimes aftain to considerable size. These
were first deseribed by von Spee, and afterwards by Andrews,
who believed that they represent the formative material of
enamel, and attached therefore much importance to them.
They stain black with osmie acid, as does also the youngest
layer of forming enamel (Rose), and it has been pointed out

F1e. 86.—Enamel cells ; the two on the left have been shrunk by immer-
sion in glyeerine and present the open trumpet-shaped ends described
in the text.

by Leon Williams that, in double-stained sections, they often
take the same colours as the contents of the blood-vessel,
whence he concludes that they have some albuminous con-
stituent. Ameloblasts vary much in length. They are longest
when enamel formation is most active, and a material thickness
of enamel is to be formed. Their distribution coincides
always with the extent to which functional enamel is going
to be developed upon the tooth, as is observed in the develop-
ment of the teeth of fishes. As has been already mentioned,
the ameloblasts in some parts of the enamel-organs of certain
fish, such as the eel and perch, and certain Batrachia, c.g., the
newt, have dimensions very greatly exceeding those of the cells
in the remainder of the organ. These highly-developed bodies,
three times as long as the corresponding ones lower down
upon the dentine papilla, are in the position of the terminal
cap of enamel which characterises the teeth (Fio. 78). More-
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over, in the tooth sac of the poison fang of a wviper, the
distribuiion of the large cells eoineides with that of the enamel
on the finished tooth, (Fig. 88).

Notwithstanding all that has been writien upon the subject
of enamel development, the problem is so difficult that some
doubt still remains as to the exact modus operandi of the
enamel cells, though no one now doubts that they are the
active agents in the process, and their diameter corresponds
exactly to that of the completed enamel rod in the particular
animal,

Tomes’ processes are of universal oceurrence in all mammals

Fia. 87.—Enamel cells, showing the apparently reticular structure of the
plasm of the cell, the globular bodies (in the left-hand cell), and the 1
Tomes' processes. At the top of the figure is a portion of the stratum
intermedivm,  x 1,000,

which have been examined, and there is no doubt that they
enter the youngest layer of enamel. And it has long been
known that from the surface of growing enamel acids can
detach a fenestrated membrane, as though, at this stage at all
events, the cementing material were a little more resistant
than the axes of the rods, and it has been inferred that
Tomes” processes had been pulled out of the holes thus
demonstrated.

Many years ago it was pointed out that Tomes’ processes
were of unusnal length in Marsupials, and that this might
have some bearing upon the question of enamel development ;
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it is probable that in marsupial enamels lies the clue to
enamel development in general ("'").

Andrews (%), had pointed out that a fine fibrillar structure
is to be seen near growing enamel between the ameloblasts

4 o
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F1e. 88.—Transverse scction of the tooth-sac of a poison fang (Viper).
The ecrescentic pulp (a) is surrounded by a layer of dentine (d). Ex-
ternal to this is a layer of columnar ameloblasts, which, upon the
exterior of the tooth, in the situation where a thin layer of enamel is
to be formed, are large conspicuous cells. As 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 places taken by the
stellate cells (/). No enamel is formed in this latter position.

and the enamel, and these fibres have been seen and figured
also by Leon Williams ; but neither of these observers have
appreciated their full importance, owing to their having only
investigated enamels in which their existence is very fransitory.

F1G, 89.—Fenestrated membrane raised from the surface of forming enamel
by dilute hydrochloric acid.

But in the tubular enamel of marsupials they persist and can
be seen extending the whole distance between the ameloblasts
and the layer of young dentine, and can hence be studied fo
tar greater advantage. They are there clearly seen to be
merely very long Tomes’ processes (which are in fact fibrils
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broken off short), and it is obvious that they are the prolonga-
tions of the plasm of the ameloblasts, which, as rightly
deseribed by Waldeyer ("), have no membrane across their
free ends; their behaviour to stains is the same as that of the
cell contents. Although it is convenient to speak of them as
fibrils, they do not show any minute fibrillar structure. Where
they leave the parent cells they are apparently not mueh, if at
all, smaller than these, the small size of Tomes’ processes in

Fig. 90.—From a developing tooth of Maeropus. At the right-hand top
orner is the stratam intermedium, next the ameloblasts, with some-
what angular nueclei ; and from these soft fibrils extend in places right
across to the dentine, which is the dark mass at left bottom corner of
the ficure. A short distance from the ends of the ameloblasts the
fibrils are seen to change their direction abruptly.

human enamel being perhaps due to their having been
attenuated by being pulled from the enamel. They are soft
and extensile, so that they may be drawn down to a mere
thread before they break (see Fig. 91), and their direction
exactly coincides with that of completed enamel rods, running
straight where these do so, and taking abrupt bends when
these bend, as they often do, almost at right angles in cerfain
parts of the kangaroo’s enamel.

In decalcified sections of developing marsupial enamel, if,
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as generally happens, they are in the least degree oblique fo
the axes of the rods, there is a most conspicnous appearance of
a sort of honeycomb, the septa of which take stains strongly.
The Tomes’ processes, and their continuations the fibrils, enter
the spaces of this honeycomb, and in favourable sections
which happen to be transverse to the honeyeomb are seen to
fill the holes. This eonspicuous honeycomb is exaetly the
same thing as the fenestrated membrane already alluded to
(p- 171) in human and other mammalian enamels, but in

Fia. 91.—Ameloblasts, Tomes' processes, and youngest part of enamel of
Halmaturus, which is cut slightly obliquely, and has the appearance
of a honeycomb. The Tomes’ processes are drawn out thin by the
glight displacement of the ameloblasts, especially at the left of the
figure, and their continuations may in places be seen in the openings
of the honeycomb. x 1,000,

enamels which are to have solid rods, it occupies only a very
small vertical depth, while in tubular enamels it is of material
thickness. In addition to marsupials it can be seen in the pig
and the sheep quite recognisable as a honeycomb, and it is
‘distinctly visible in some of Leon Williams® photographs.
But although it is comparatively thick in marsupials, yet it is
i them, like the fenestrated membrane of older observers, a
trangitional strueture belonging to one—the earliest—stage of
enamel calcification, and when a little farther advanced
towards completion it loses its resistant power and becomes



174 A MANUAL OF DENTAL ANATOMY.

dissolved by the decalcifying agent. Hence in deecaleified
sections the fibres are seen at first, close to the ameloblasts,
free; then attached together by the honeyecomb; while deeper
in the forming enamel they are more or less free again.

The exact relationship of the fibrils to the cells of the honey-
comb was at first difficult to understand, for while in eross
section they are seen to occupy the lumen of each cell, and
could be in this position in longitudinal section also, yet,
especially when drawn out so as to become attenuated, they

LSRR TP BYCDAL
16, 92.—The ameloblasts of Halmatures eut so obliquely as to be hardly
recognigable in the figure, lie to the left upper side of the figure ; next
comes the honeycomb region ; while the lower part of the figure is
occupied by more developed enamel, in which the fibrils may be seen,
cut obliquely, as darker masses. Thus in the earliest honeycomb stage
the septa stain more strongly than their contents, but at a later stage

the filirils stain more deeply than the septa. = 1,000,

seem to be adherent to the septa. Moreover, the septa of the
honeycomb are thicker than the amount of interstitial sub-
stance found between the rods in complete enamel would
account for. But it was found that although their external
portions ran continuously into the substance of the septa,
their internal portions were still soft, so that the fibril slightly
pulled upon, in cutting the section, took on a sort of hour-
glass shape, its ends attached to the ameloblasts and to the
septa of the honeycomb remaining of their original diameter,
while the intervening portion was drawn ouf into a thread.
Hence it appears that the first changes in the fibril towards
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ealeification take place in its exterior, and progress fowards
its interior, which in the case of marsupial tubular enamel
they may never reach, many of the rods continuing to have a
canal with soft contents down its axis. DBut in enamels with
solid rods the full calcification of the whole thickness of the
fibril follows very closely upon the heels of the first honeycomb
change, and so the nature of the process is masked.

It is probable, therefore, that the ameloblast itself does not
caleify ;

That each ameloblast furnishes a fibrillar process, con-

Fi1g. 93.—Ameloblasts of Halmaturus showing their relation to Tomes’ pro-
cesses and to the honeycomb ; the latter is eut slightly obliquely, so
that, below, a second cell is opened into.

tinuous with its own plasma which serves for the entire length
of an enamel rod ;

That caleification and the changes preparatory to calcifica-
tion take place in or round each fibril, quickly reaching its
central axis in solid enamels, but never reaching i in some of
the rods of tubular enamels.

It will be seen that the appearances are consistent either
with the calcification of the fibril, or with caleification going
on round it, and, so to speak, reducing it down to smaller
dimensions or obliterating it.

The exceedingly small amount of organie matter present in
completed solid enamel might seem to point to the latter being
the preferable view, but were this so, one might have expected
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the individuality of the rods to be lost, whereas there appears
to be an appreciable amount of interstitial substance
demonstrable between them.

It has been pointed out by Leon Williams that the axis
of the ameloblasts seldom coineides with that of the rods ;
this is the case, the ameloblasts always standing nearly af
right angles to the dentine surface. But though these fibrillar
prolongations start off in the same direction as the axis of the
cell, they, in many cases, change their direction quite abruptly
a little way from the cell, and the directions which they then
assume do correspond exactly with those of the rods in the
completed enamel. The identity of the fibrils with the
ultimate canals of marsupial enamel is further shown by the
former, in the more advanced parts of the enamel, being spiral.

If this theory of enamel formation be correct, it serves fo
explain much that was heretofore perplexing. In the first
place in marsupials, the extent to which the tube system
exists varies much in different members of the group, and
even in those in which it is most rich, the tubes become
smaller as they approach the outer surface and disappear well
before they reach it; so that it is quite obvious that the .
same enamel-organ is capable of forming both tubular and
golid enamel, and there can hardly be any very fundamental
difference in the processes.

In examining a marsupial enamel-organ no dissimilarity
can be seen between the different ameloblasts—every one has
its long Tomes’ process. Yet in the finished enamel the
majority of the rods are solid, as may be seen in Leon
Williams’ beautiful photographs of transverse sections of
kangaroo enamel, Whilst taken over a considerable area, the
tubes seem somewhat evenly distributed, though sometimes
two or even three contiguous rods contain fubes, similarly
four or five contiguous solid rods may easily be found. On
the whole a tube occurs in about one out of every four rods in
the kangaroo.

Again, the enamel-organ of a marsupial, prior to the
formation of any enamel, is absolutely indistinguishable from
that of another mammal; and tubular enamel reappears
sporadically amongst other very diverse mammals, for
instance in the Hyraz, in ecertain Insectivera, and in the
Jerboa among rodents
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But if tubularity is a stage through which every enamel
rod passes, the difficulty of accounting for animals, whose
allies have all lost it, re-acquiring or developing it, disappears.
And although the examination of human or other solid
developing enamels might never have led to this interpreta-
tion, yet a re-examination of them, after having arrived at it,
eonvinees the observer that it is equally true of all.

Andrews unquestionably had the fibrils of the ameloblasts under
observation, and was probably the first to describe them. DBut he
described them as coming from the cells of the stralum indermedium,
which they certainly do not; and he speaks of them as a fibre network,
which, when the enamel rod is fully caleified, is wholly obscured ; and
neither he nor Leon Willlams appreciated the importance of their rdle
nor their relations to the rod; indeed, it is to be doubted if 1t were
discoverable elsewhere than in a tubular enamel. The latter observer
noticed the complexity of the course of the fibres which he saw, but
apparently did not connect it with the complexity of the course of the
enamel rods in the animals from which his sections came. But in a
much earlier paper (1) he came very near to the above views when he
wrote : ““ As the formation of the enamel progresses, these cells recede,
leaving within the formed enamel what Bppoars to be a fibre of living
matter in the centre of the enamel prism.’

Rose's views nearly coincide with these, and he me(,th figures the
appearances so far as they are visible in human enamel. Ile, however,
takes a somewhat different view of the process; he deseribes the young
enamel as like a honeycomb with Tomes™ processes in the cells of the
honeycomb. He considers that young enamel, like young dentine, has
an organic matrix fairly rich in lime salts, but as yet not by any means
fully calcified, and that the lime salts are first deposited fully in the
Tomes’ processes, so that at a certain stage young enamel consists of thin
rods (caleification in Tomes’ processes) with a large amount of interpris-
matic substance ; the rods then thicken, so that finally there is but a
mere trace of cement substance between them.

Von Spee and Andrews consider that the globular bodies described by
them in the ameloblasts, and particularly near their free ends, coalesce
and merge into the enamel substance, the fibres they describe perhaps
serving as a sort of scaffolding to determine their arrangement. This
again is not far from the true nature of the process, and this idea is
adopted, with modifications, by Leon Williams (**), who, in his later paper,
holds that these globular bodies pass out from the ameloblasts, and are
seen to be connected with one another by plasm strings, several to each
rod, which strings can be seen in the body of the ameloblast, where
they constitufe the reticulum above described. He holds that in the
formed enamel rod these globular bodies are more or less compressed
into disk-like shapes, and are sometimes nearly, or quite, melted into one
another, This is in effect very much going back to the view of
Harting, who writes : * Les prismes, qui composent 'émail des

D.A. 1 Lt
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mammitéres, ne sont évidemment que des piles de ecalcospherites trés
petites,” ete.

Leon Williams further says: * Around the skeleton thus formed, which
constitutes the real structure of enamel, the albumen-like substance
flows, supplying the cement substance, and probably the mineral matter
for the whole."”

This view differs from that propounded in the text, in that it does not
recognise the preponderant importance of the ameloblast processes
and in that it puts first the formation of the rods, to be afterwards joined
together by a cement substance, whereas it is probably beyond dispute
that the first thing formed is the periphery of the rod and the uniting
cement substance, for in the honeycomb the septa of contiguous cells are
already united and appear homogeneous, which is a sequence of events
quite different from that which he indicates.

Kolliker, partly upon the ground that ameloblasts can be seen of the
same size and form at all stages of enamel formation, held that enamel
formation was one of secretion, the enamel being shed out, so to speak,
from the free end of each enamel cell ; hence the rods of the enamel will
correspond in size and number with the cells of the enamel epithelium.
The processes of the ameloblasts he regards as being fragments of this
hardened secretion which are still ¢linging to the parent cell.

Legros and Magitot (°) revived this view, describing each cell as ter-
minated, towards the forming enamel, by a little plate of dense material
through which by some process of osmosis the constituents of enamel travel
out. They note that these plates often cohere so as to form a sheet, but say
nothing of their being perforated. No one, however, who had seen the
enamel cell of a marsupial with the tapering process five or six times as
long as itself which had been pulled out of the young enamel would be
satisfied with the excretion theory as so expressed.

Schwann believed that the enamel cell was constantly inereasing at ifs
free end (i.e., that next to the enamel), and that the new growth, or
youngest part of the cell, is calcified as fast as it is formed. This view
differs little from that of Kélliker, who prefers to express it by saying
that this end of the cell is constantly shedding off or secreting a material
which becomes external to itself. Sir John Tomes, Waldeyer, Hertz,
and many others, believed that the cell growth takes place not at this
free end, but at the attached nucleated end, and that it is the oldest
portion of the cell itself which receives an impregnation with salts and
forms the enamel.

Upon the question of the nature of the globular appearances
and smaller beads observed in the ameloblasts, any positive
opinion must be still reserved. It may be that von Spee,
Andrews, and Williams are right in believing it to be material
elaborated for the purpose of calcification, and they may be
right in supposing that these masses migrate bodily from the
ends of the cells. The evidence does not seem, however, fo be
conelusive.
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Leon Williams deseribes appearances which lead him to believe that
there 1s a membrane at both ends of the ameloblast, because 1 some
double-stained preparations there is a sharply defined line of a different
colour, both between the enamel and the dentine at the earliest period
of ealeification, and at all periods between the ameloblasts and the stratum
intermedium. But differences in staining occur frequently in the very
same tissue, and merely indicate a slight difference in state, and it is
perfectly certain that there is no membrane over the free end of the
ameloblast after the formation of its fibrillar prolongation; whilst in
intervals between two fibrils there is often a very defined line, which, if
the section does not happen to lie exactly along the central axis of the
cell, looks to be continuous over many cells and their processes, so that
the appearances are open to a different interpretation. He himself is
aware that later on there is no membrane and can be no membrane ; and
appearances of membranes.seen in section are open to so many fallacies
that, where there is an ¢ priori improbability in the existence of one in
a particular position, it is safer to doubt its existence until it is
demonstrated more extensively.

With regard to the other constituents of the enamel-organ
there is not very much to be said. Behind the ameloblasts
come the large round cells of the stratum intermediwm. It has
been customary to attribute to these the function of
recruiting the enamel cells, with which some observers have
believed them to be connected by processes. After the dis-
appearance of the stellate reticulum, the tooth saec, rich in
blood-vessels, closely applies itself to the stratum intermedium ;
and hence may have arisen the supposition that the enamel
organ contains blood-vessels, the strong resemblance of the
structures just outside the stellate reticulum lending itsell to
this mistake. Since; then, this layer is made up of large
cells and intervenes between the ameloblasts and their blood
supply, it is highly probable that it takes some active share
in the elaboration of the materials required for enamel
formation, but what that share is is unknown. The inner
surface of the tooth sac is frequently produced inwards into
papilliform eminences, to which some observers have even
attributed the function of planning the pattern of the enamel
rod, and when it has come down upon the stratum inter-
medium, these are said in some cases to become even more
CONEPICUOUS.

Leon Williams, seeing this large development of the cells
of the stratum intermedium distributed over vascular papilli-
form shapes, has attributed to the cells a glandular function,

12—2
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and sets down to them a very large share in enamel formation
in the way of elaborating products for ealeification. But this
1s hardly a safe inference. In the first place this particnlar
structure does not arise till after some enamel is already
formed, and there is no known difference between the enamel
formed before and after its development ; moreover, it is only
in some animals that it is at all well marked, and their enamel
is not different in any known way from those that do nof
possess 1t.

The ultimate fate of the external epithelinm was treated of
when describing the minute anatomy of Nasmyth's membrane,
so no more need be said here.

Upon the whole, then, it must be admitted that although
advance has been made in recent years towards a clearer con-
ception of the process, there still remains a great deal to
clear up with regard to precise knowledge of enamel
formation.

The Calcification of the Enamel in Fish.—On this
subject knowledge is somewhat fragmentary. The process
has been investigated in a few osseous fish and in Selachians
(Ue gnd 1),

It was hoped to find methods transitional between those
peculiar to Selachians and those found in mammals when
investigating osseous fish, but instead another quite peculiar
process was found, the bearings of which on enamel develop-
ment in general are a little diffiecult to decipher. 1In the
(Gadide small lance-like or spear-shaped caps of enamel sur-
mount the apices of the teeth (see Fig. 51), the rest of the
organs being apparently devoid of enamel, or perhaps having
only a rudimentary layer. In an early stage the tooth-germ
is just like a mammalian tooth-germ.

But very soon preparation is made for the enamel caps,
which will ultimately remain in a groove at the apex of the
dentine, so that they do not greatly increase the diameter of
the tooth. Af the period when the calcification of the dentine
is about to commence, the ameloblasts, where the cap of
enamel is to be, enlarge greatly, and there comes to be a con-
giderable space in the tooth sac (whiceh is formed by a condensed
connective tissue) above the dentine papilla. Up to this
point the ameloblasts, which are about 19 x in length, only
differ from the mammalian type in that their nuclei are not
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quite so sharply marked, and the plasma stains somewhat
more freely.

When a thin skiell of dentine has been calcified, the space
above the dentine ocecupied by the ameloblasts has again
greatly increased, and has attained to the full dimensions of
the ultimate enamel cap; the ameloblasts have disappeared
altogether, having become transformed into a tissue whic_h in
longitudinal section looks like a very delicate connective tissue
with elongated meshes. Seen in transverse section it is found

Fre. M. —Tooth-germ of hake (Merfuciusz). b. Stained outer border of
enamel stroma. e¢. Dentine papilla. d. Formed dentine. es. Knamel
stroma. The formed dentine has disappeared in decaleification, leaving
merely traces of its former structure. (From © Phil. Trans.,” B., 1900.)

to be perforated by holes arranged with the utmost regularity
(Fig. 95).

No nuclei are to be found in this stroma, but round its outer
surface are closely grouped nuclei which are the same size as,
and may possibly actually be, the nuclei of fhe ameloblasts.
Later on in transverse section the holes already alluded to have
become smaller and are surrounded by thick borders which
take a stain, but although the outer portions of these areas are
not sharply defined they have not actually coalesced with one
another (Fig. 96).

Withouf entering into full details, which may be found in
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the paper referred to, the peculiarity of the process is that
instead of the ameloblasts, as in mammalia, building enamel
with a very small amount of fransitional tissue between the
cells and the fully formed enamel, these cells become
bodily transformed into a stroma, which is of the full size of
the enamel to be formed, disappearing themselves as individual
sharply-defined eells.

Blood-vessels are very abundant in the connective tissue
which forms the eapsule, but none enter the enamel-organ.

Hence arises the anomaly of lime salts being separated out
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Fia. 95.—Transverse section of enamel stroma of hake, taken in the region
indicated by the lowest dotted line marked # in the preceding figure.
% 120. (** Phil. Trans.,” B., 1900.)

and deposited in a stroma of considerable thickness without
there being any conspicuous cells to effect its segregation,
unless indeed the nuelei of the ameloblasts have persisted.

Appavently the enamel rods are at first tubular, for the
centres of the bodies figured in Fig. 96 look empty : if they are
solid columns the material of which they are composed will
not take any stain.

The enamel when finished is at first sight structureless, but
in fortunate sections a striation running in from the free
surface, something like that seen in Sargus (see Fig. 28), can
easily be traced.

The development of the enamel of Sargus, Labrus, ete., has
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not been fully worked out, it being next to impossible to get
satisfactory preparations owing to the forming teeth being
enclosed in crypts-of dense bone, which prevents fixing fluids
from getting thorough access to them; buf preparations show
that the calcification of their enamels is preceded by the
formation of an extensive stroma such as has been deseribed
in the Gadide.

In the elasmobranch fishes the departure from the mam-
malian methods is still more extreme, and the tissue formed
is sufficiently different to have been variously described as
enamel and as vitrodentine (see p. 52).

An early tooth-germ does not differ much from an early
mammalian tooth-germ : there is the cap of enamel-organ, and
a dentine-papilla, the surface cells of which are not at all
differentiated (cf. Fig. 99). But before any calcification has

=850

Fia. 96.—From the outer and darker peripheral portion of the section last
figured. (“ Phil. Trans.,” B., 1900.)

commenced, the peripheral cells of the dentine-papilla have
become spindle-shaped, with immensely long processes which
become parallel with the surface, and finally constitute a very
definite layer of considerable thickness.

When calecification commences it is not on the surface of
the dentine-papilla, but a little way inside it, beneath the
specialised layer just deseribed. Hence this fibrillated layer
is left between the cells of the enamel-organ and the first
formed dentine, which latter speedily cuts it off more or less
completely from the subjacent pulp, and it is noteworthy that
this layer corresponds pretty closely in thickness with the
future enamel.

So far no mention has been made of the enamel-organs, the
changes described having taken place entirely in the mesoblastie
dentine-papilla. If a vertical section of the jaws of a selachian
be examined, the nature of the succession places before the
observer, at a glance, a series of tooth-germs of all ages, the
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youngest being at the bottom (ef. Fig. 76). In this, e.g., in
Lamna, the ameloblasts are about 18x in length: over the
next papilla they have increased slightly, while over the third
in respect of age and position they suddenly extend to 65pu,
70, or even more, often being quite four times the length of
the younger omes. Again, in the next tooth-germ above
this, they have suddenly dropped fo about 16, and at the
same time have changed their appearance and their staining
reactions completely. In the youngest ameloblasts the plasma
stains pretty freely, even with nuclear dyes: in the largest
cells it does not stain at all, and it is very transparent, while

F1a. 97, —Portion of young tooth germ of Lamna. x 240. a. Ameloblasts,
not yet fully developed. &. Specialised surface layer of pulp. e. Den-

tine pulp.

their nuelei stain deeply. Over the next older footh the glassy
appearance is gone, the plasma stains and the nuclei do nof,
so that they look like holes in the cell.

Now this enormous development of the ameloblast cells
coineides in point of time with the calcification of the outer
fibrillated layer of the dentine-papilla, which is very rapidly
accomplished. As soon as it is done they are obviously spent
and degenerated, as seen by their shrinkage and the change in
their nuclei. It is hardly possible, therefore, to doubt that
they effect its ealcification, espeeially when it is remembered
that this layer has already been eut off from the subjacent
dentine-papilla by the rim of caleification of dentine which has
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already been formed. Moreover, there is no other function
for them to fulfil, as no other tissues are formed, and one
cannot suppose that their sudden and enormous development
is for no purpose.

The process, as deseribed, is common to all of the elasmo-
branch fishes, but it varies in degree according to the tissues to
be ultimately formed. Thus while the fibrillar layer is thick
in Lamna, Carcharias and numerous others which form
thick enamel of comparatively complex structure, and the
ameloblasts are enormous at the date of their functional
activity, in Raia, in which the enamel is thin and not

Fig. 98.—Tooth-germ of Carcharias, at an older stage than Fig. 97.
% 200. a. Enormous ameloblasts. b. Specialised outer layer of dentine
pulp. ¢ Body of dentine pulp with calcification commencing between
it and the specialised layer.

unlike mammalian enamel in appearance, the fibrillar
layer is also thin and the ameloblasts only attain to 48u in
length.

And it does not make the least difference so far as the facts
here enumerated are concerned whether the tooth is to consist,
as in Carcharias, of orthodentine, or, as in Lamna, of osteo-
dentine: in either case the caleification commences away
from the surface and along the line between the fibrillar
layer and the deeper part of the dentine-papilla. The facts
above menfioned have been partly deseribed by other previous
observers, but they have not been put together, nor their
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bearing appreciated. But it is interesting to note that
Nickerson (%), in describing the development of the scales of a
ganoid fish, had written :—*“ What is very curious in their
development is that, although by the increase of the dermis in
their neighbourhood, a sort of papilliform eminence projecting
up into the epidermis is formed, the calcification of the seale
takes place, not at the line of junetion of the two, but wel in
the substance of the dermis, of which a thick layer intervenes
between the epithelium and the outer surface of the forming
plate,” though he goes on to misinterpret their ultimate
product. It is obvious that he had under observation a
precisely similar process, though in the then state of knowledge
he misinterprets the nature of the ultimate product, denying
the relationship of the outer hard layer to enamel on the ground
that 1t is mesoblastic in origin.

It is evident, therefore, in so-called ganoid or elasmobranch
fish the enamel one has to deal with is a fissue which is in a
sense hybrid and upsetting to one’s previous conceptions,

Both the mesoblastie denfine-papilla and the epiblastic
enamel-organ have contributed to its formation, and it is open
to argument what it shall be called, though from reasons
already given (p. 54) on the balance of ifs characters it may
be regarded as enamel.

Every grade exists between it in ifs most aberrant forms
and the enamel of Raia, which latter no one, apart from the
knowledge of these facts, would for a moment have hesitated to
deseribe as enamel.

If an endeavour is made to reconcile these different methods
of enamel formation and to place them in their proper relation
to one another, some difficulty must arise. Provisionally they
may be grouped thus:—

(A.) Enamels which are not wholly epiblastic.

These are laid down by the operation of epiblas-
tic ameloblasts in a maftrix which is derived
from a modification of the surface of the meso-
blastic dentine papilla.

(B.) Enamels which are wholly epiblastie.

(1.) The ameloblasts lose their integrity early and are
transformed into a delicate stroma in which
enamel caleification goes on e.g., Gadide, Labrus,
Sargus, and no doubt many others.
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(2.) The ameloblasts persist throughout the whole
period of enamel formation and are not bodily
transforimed into a stroma. Their free ends are,
however, continued into long processes which
during enamel formation run through the whole
thickness and some of them remain uncaleified.
This has been worked out only in marsupials,
though doubtless other tubular enamels such as
that of Hyrax, Jerboa, shrews, efe., are similarly
formed.

(8.) The ameloblasts persist through the whole
period, and the processes of fheir free ends
pass only a short distance into the forming
enamel, full caleification following very closely
upon the heels of any alteration. This obtains
in all placental enamels which are not con-
spicuously tubular.

It will be observed that the above grouping shows an
increasing speelalisation and importance of the ameloblasts,
which at first only take a share in the result and affer-
wards effect the whole process unaided. But the gaps are
wide, and it may be expected that further research may reveal
the stages by which the dentine-papilla surrendered its share
in the process.

THE DENTINE-ORGAN.

The dentine germ, or dentine-bulb, of which the origin has
been already deseribed, at first was nothing more than a part
of the mesoblastic myxomatous tissue of the jaw which had
become richer in vessels and cells than other neighbouring
parts, but which did not present any structures essentially
different from those found around it. It very speedily assumes
the form of the apex of the future tooth, becoming, if it be a
canine, simply conical (it has, however, been alleged that the
canine papilla has at first a hint of two cusps, thereby showing
its relationghip to the premolars); if a tooth with two cusps,
bicuspid, ete.

At an early stage the cells of the surface of the dentine,
papilla in no way differ from those which lie deeper (Fig. 99).
But as the fime approaches for the commencement of



188 A MANUAL OF DENTAL ANATOMY.

calcification a more highly specialised layer of cells, which
will ulfimately form the surface, begins to be differentiated
(Fig. 100).

These cells, probably largely coneerned in the formation of
the dentine, form a very distinct layer, which, after the com-
mencement of caleification, adheres more strongly to the formed
cap of dentine than to the rest of the pulp, and so is often pulled
away with the former when the two are separated ; hence this
layer of cells (odontoblasts) has obtained the name of membrana
ehoris, or membrane of the ivory; but the student must

Fra. 99, —Surface of pulp of young tooth-germ. A layer of ameloblasts not
as yet fully developed covers the surface ; the surface cells of the
pulp are not yet differentiated, so that no indication of the odontoblast
layer is seen. (After Dr, Paul.)

beware of falling into the mistake of supposing that it really
is a “ membrane ” properly so called.

The origin of these cells has been carefully deseribed and
fisured by Paul, who points out that some dentine matrix
begins to be formed before they are by any means completely
differentiated.

Calcification of the Dentine.—The dentine is formed
upon the surface of the dentine-bulb, or papilla, from without
inwards, so that no portion of 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-bulb has already been to some extent
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deseribed ; it remains to econsider somewhat more minutely
the histological features of its surface.

The ecells constituting the membrana eboris, to which
Waldeyer has given the convenient name of “ odontoblasts,”
form an exceedingly sharply defined layer upon the surface
of the dentine, 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
structure as may be seen in the stratum intermedium of the
enamel-organ. Nothing whatever like the linear succes-
sion of formative cells, which, by coalescence at their ends,

i id

Fig. 10.—From above downwards are scen the (8. R.) stellate reticulum,
(8. L) cells of the stratum intermedium, (A.) the ameloblasts, and (P.)
the dentine pulp. Near to the surface of the latter the cells are
assuming a direction perpendicular to the surface, and the odontoblast
layer is beginning to be indicated. (After Dr. Paul.)

went to form the dentinal tubes, as deseribed by the older
writers, is to be seen.

The odontoblast cells vary in form according as the dentine
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. The nucleus is oval, lies in
that extremity of the cell which is farthest from the dentine,
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and is sometimes prolonged towards the dentinal proeess so as
o be ovoid or almost pointed.

The peripheral 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,
which constitute the dentinal fibrils, may be seen strefching
across the interval in great numbers.

The odontoblasts, as may be seen from Iig. 63, are placed

F'16. 101.—(General view of tissues at the time when a thin layer of dentine
has been formed ; from a photograph given to the anthor by Leon
Williams. At the top, to the left, is seen the stratum intermedium,
next the ameloblasts, then young dentine, and, below, the odontoblasts,
which may be seen sending processes into the young dentine.

rather closely together, and there is not very much 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
appearance of the extreme edge of such a pulp suggests the
idea that they are embedded in a transparent and structureless
jelly, which projects a little beyond them.

When the pulp has completed, for the fime being at all
events, the formation of the dentine, the odontoblast cells
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become more elongated and more rounded in their outline and
taper off towards and into the dentinal process, instead of
having truncated ends.

Several more or less divergent views as to the exact method
of development of the dentine have from time to time held the
field, the question turning mainly upon the part played by the
odontoblasts. The close relation of these cells to the dentine,
their change in form according as dentine building is or is not
actively going on, and the absence of any other of the large
cells which elsewhere are associated with the elaboration of
gpecial produets, would naturally lead to the inference that
they are the chief factors in the segregation of lime salts and

Fia, 102.—0dontoblasts in sitw. (After Waldeyer.) This fizure also shows
at A. a layer of formed matrix not yet calcified. The pulp processes
are not illustrated.

their incorporation in the dentine, a view which has obtained
many adherents.

According to this view, which is supported by Waldeyer, Frey, Boll,
Lionel Beale, and many other of the older writers, the dentinal fibrils,
the dentinal sheaths, and the matrix between these latter, are alike
derived from the metamorphosis of the odontoblast cell. In other words
the three structures in question may be considered as being three stages in
the conversion of one and the same substance : thus there is 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 sub-
stances which lie on the borders of caleification ; and lastly, the matrix,
the completed, wholly caleified tissue.

Thus, it has been supposed that the most external portions of the
odontoblasts undergo a metamorphosis into a gelatigenous matrix, which
is the seat of calcification, while their most central portions remain soft
and unaltered as the fibrils. Intermediate between the central per-
manently soft fibril and the general caleified matrix is that portion which
immediately surrounds the fibril, namely, the dentinal sheath.

This view differs but little from that of von Ebner and Rése, which,
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however, is to some extent intermediate between the older theory and
that advocated by Mummery : they believe that the whole of the dentine
is derived from the odontoblasts, but that while their axial portions
persist as dentinal fibril, their peripheral portions become metamorphosed
into a delicate fibrillar gelatigenous tissue, a connective tissue in faet,
which, forming the matrix, receives an impregnation with lime salts.

Just as in the case of enamel, there are writers who hold that the
odontoblasts do not themselves become ealeitied, but that they preside over
the secretion of a material which is converted into dentine. Thus Kélliker
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 1s an “*intercellular " substance. Their view
is therefore intermediate between the exeretion and conversion theories
and Kolliker goes on to say, * since the dentinal cells are immediately
drawn out at their outer ends into the dentinal fibres, and do not, as was
formerly thought, grow out in such a manner that the dentinal fibre is to
be regarded only as the inner part of the cell, so it is not possible to
derive the dentine immediately from the cells.” DBut is not Kélliker
thinking and writing of those 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 properly prepared 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 little room for any intercellular
substance.

Hertz coincides with Kélliker in regarding the matrix as a “‘secretion from
all the dentinal cells in common, which stands in no definite histologieal
relation to the individual cells,” but his figure also probably is represen-
tative of an adult inactive surface of pulp, in which dentine formation has
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 could
infer that the membrana eboris was supplemented by new cells from below.
In a later edition of his work, however, Kélliker speaks with much more
hesitation on this point.

Magitot held that the whole of the dentine is *“a product elaborated
by the odontoblasts,” but neither secreted by nor formed by the con-
version of the odontoblasts, and he denied the existence of the sheaths of
Neumann in fofu.

Klein believes that the odontoblast forms the matrix only, whilst the
dentinal fibrils are processes continued up between the odontoblasts from
a subjacent layer of stellate cells.

Robin and Magitot formerly held that the dentine matrix was formed
by the transformation of the odontoblast eells, but that the tubes were
interspaces between these latter, not corresponding with the axes of the
cells.

Baume (*) holds that the odontoblasts secrete a material which caleifies,
rather than that they are themselves converted.
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And Hopewell-Smith believes that the odontoblasts take no partin the
formation of the matrix of dentine, which is furnished by smaller cells
near the pulp surface.

It will be remembered that von Ebner has shown the
existence of a delicate fibrillar structure both in bone and in
dentine ; and his investigations have been carried further by
Mummery (), whose view, briefly expressed, is that the dentine
matrix is due to a calcification in a delicate connective tissue
which has not been derived from the odontoblasts at all, but
from the general connective tissue of the pulp, i.c., that the

FiG. 103.—Longitudinal scction at apex of radical portion of pulp in
human premolar, showing odontogenie fibres in continuity with the
dentogenetie zone. (x 330.) At A is seen the formed dentine;at B
a layer of forming dentine, the * dentogenetic zone,” to which a
number of connective tissue bundles (C) adhere. (After a drawing by
Howard Mummery in the P'hil. Trans. Roy. Soc.)

dentine matrix is of an inter-cellular nature. He confirmed
von Ebner’s observation that in the completed matrix now and
again traces of a much masked fibrillar structure were to be
found, especially in teeth which had undergone the slow decaleifi-
cation attendant upon the early stages of dental caries. DBut he
further showed that by the use of Koch's method as modified
by Weil a connective tissue was to be demonstrated in the
periphery of the pulp, which connective tissue apparently ran
continuously into the matrix, somewhat as Sharpey’s fibres
run into bone.

According to him, dentine is developed very much like g
membrane-bone, there being, however, this difference: that

D.A. 13
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in the case of dentine long protoplasmie processes from each
odontoblast cell persist, though the cells themselves do not
become enclosed in the forming tissue. In the case of bone,
some of the osteoblasts do become invested and persist as the
branched cells which occupy the lacun®. He has traced these
connective tissue bands passing between the odontoblasts and
running into the dentine, while on the other hand, their eon-
tinuity with the general connective tissue of the pulp is easily
demonstrable. They are, however, not well seen in sections
which run exactly in the plane of the length of the odonto-
blasts, which in that case are apt to obscure these very delicate
fibrils somewhat ; and there appear to be cells applied to these

("

F1G. 104.—Decaleified section of tooth of hake. A. Formed dentine.
B. Connective tissue bundles running into it without break of con-
tinuity, €, Connective tissne framework of the pulp.

bundles of connective tissue which are distinet from the
odontoblasts, and recall the cells upon the osteogenetic fibres
of bone.

For the details of the reasons which have led him to adopt
this view, the reader must refer to his original paper; but a
very strong argument in its favour is derived from a study of
the development of vaso-dentines.

In the latter there can be found a very distinet layer of
straight parallel fibres which abut upon the forming dentine.
They really are a layer of specially arranged connective tissue
fibres. For their nuclei are inconspicuous and they quite lack
the fully developed appearance of true odontoblasts.

Though they so far resemble them as to pull away in a con-
tinuous sheet adherent to the dentine, and of perfectly
uniform thickness, yet in suitable preparations they can he
seen to be continuous with the connective tissue framework of
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the pulp, which in vaso-dentine pulps is far more strongly
developed than it is in the pulps of ortho-dentine.

There being no dentinal tubes to mask i, the dentine
can often be seen splitting up in decalcified specimens, into
bundles of the same size as the fibres of the pulp layer.

Moreover, it is much more easy to see the fibres alluded to
running into the formed dentine matrix on the one hand, and
on the other into the connective tissue deeper in the pulp in
vaso-dentine than in hard tubular dentine.

In the peripheral or first-formed part of the dentine of
many vaso-dentine teeth there is a structure which might

Fic. 105A. Fiag. 105E.
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Fia. 105A.—Decalcified section from a hake. The connective tissue fibres
are seen forming a layer as distinet as, though greatly thicker than, an
odontoblast layer. In the formed dentine at A the vascular canals are
seen, and at C the general connective tissue stroma of the pulp.

Fia. 1058.—Outer layer of dentine of a cod.

almost be termed a petrifaction of the connective tissue
stroma unchanged. This is well seen in Fig. 1058, drawn from
the tooth of a cod. It cannot be said that there is any funda-
mental difference between the development of a vaso-dentine
and that of ortho-dentine, for the very same tooth may be
composed at one part of the one and at another of the other,
as is well exemplified in the tooth of a flounder (see Fig. 53),
so that it is quite safe to use the one tissue as illustrating
the development of the other.

If then it be true, as it appears to be, that the dentine
matrix 1s formed in a connective tissue basis, it becomes a
question what share the odontoblasts take in the process. It
may be taken as certain that the odontoblast is concerned in

18 —2
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the development of the dentinal tubes, keeping them open as
it were by its process, the dentinal fibril; and it seems clear
that the same odontoblast forms the whole length of the fibril,
itself receding backwards as the dentine grows; it seems also
possible that it is concerned in the development of the sheaths
of Neumann. But inasmuch as Mummery believes that he
has seen other cells applied to the conneefive tissue fibres,
both in man and in fish, if he is right, it becomes doubtful
whether the odontoblasts alone are concerned in elaborating
the calcifying material.

On the whole, however, their general resemblance to the
layers of osteoblasts which clothe the surfaces of developing
bone renders it probable that they are active agents in the
development of the dentine, and it is certainly known that
dentinal tubes are not formed in their absence ().

It has been mentioned (p. 101) that the different varieties of
dentine merge into one another, and that also dentine in some
of its varieties is not distinguishable from bone. The con-
nective tissue theory of its development therefore derives no
little support from comparative anatomy, for if brings the
development of dentine into line with that of bone, and, on
the other hand, with that of structures very like dentine,
which oceur in the endo- and exo- skeletons of a great many
fish. But other views are still entertained by some authors.

There is another feature in the development of dentine
which has notf so far been alluded to. During fthe period of
active growth of this tissue, but not afterwards, there is a
layer between the odontoblasts and the completed dentine,
which appears to be in a transitional stage. This, the dento-
genetic zone, usually takes the stain much less deeply, or, in
the case of double staining, takes a different colour from thaf
of the rest of the dentine when this has been decalcified. In
sections prepared by Weil's process it stains more deeply
than the dentine. In this layer an appearance of striation,
parallel to the surface of the pulp cavity, can sometimes be
seen, and these strie can be faintly seen in the completed
dentine near to it.

In this connect on it is interesting to note that decalcified
dentine sometimes splits up into lamina concentrie with the
pulp, and F. J. Bennett noted that in teeth long kept in
glycerine, which has a slowly decalcifying action, a similar
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splitting occurred. The layer of incomplete dentine is, like
Neumann’s sheaths and the contents of interglobular spaces,
stained a deep black by Golgi’s method of using nitrate of
silver.

The thinnest layer of dentine, such as may be found at the
edges of the dentine cap, is soft and elastie, and so fransparent
as to appear structureless. Where if has attained a somewhaf
greater thickness, globules begin to appear in it, which are
smaller 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 obviously go on without any very
immediate relation to the cells of the pulp; in point of fact, a
process strictly analogous to that demonstrated by Rainey
and Professor Harting (see p. 162) is going on. Thus in the
formation of the first layer of dentine a stage of metamor-
phosis preparatory to impregnation with ealeareous salts dis-
tinetly precedes that full impregnation which is marked by
the ocenrrence of globules and their subsequent coalescence.
The oceurrence of these globular forms, and consequent large
interglobular spaces, in the deeper parts of adult dentine, is
therefore an evidence of arrest of development rather than of
any otherwise abnormal condition.

When the formation of the dentine and enamel has gone
on to the extent of the ecrown 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 of the formative
pulp takes place, but the additions to the base of the tooth are
of constant or ever-inereasing dimensions, as in some tusks,
which are thus eonieal in form.

Little is known as to the rate of increase of teeth of
persistent growth, nor as to whether this increase is constant
or intermittent. But the tusk of a walrus which was in the
possession of the late Professor Charles Stewart, seems to
distinetly indicate that its growth was intermittent. This tusk
has over a considerable part of its surface been severely
weathered, a small portion having been protected. The
protected surface is smooth and in no way unusual, but the
weathered portion bears circumferential rings slightly more
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prominent than their interspaces. Towards the apex or
younger part of the tooth these are about an inch apart, but
the interspaces diminish with regularity towards the base,
where at last they attain a fairly constant separation of about
a third of an inch. They can hardly be due to anything else
than intermissions of growth, and each interspace probably
represents the annual inerement, large while the tooth was
young and, as the creature grew older, short and subsequently
smaller.

It is said that the number of roots which would have been
developed at the base of a partieular dentine organ may be
inferred from the vessels, i.e., that in a single-rooted tooth
the vessels would, even at an early period, form a single
faseiculus ; in a double-rooted one, similarly, they would be
arranged in two bundles, so that the ultimate formative
activity will be exercised around one, two, or three centres of
nutrition.

Aitchison Robertson found by feeding rabbits with madder
that about 1 mm. a week was added to their incisors, but
that their molars increased more slowly. The rate of growth
of human dentine has not been accurately defermined but the
tables of Magitot and of Rose indicate a far slower rate of
addition than this (ef. p. 214).

There is some reason to think that dentinal tubes once
formed are possibly capable of further caleification, by which
their calibre becomes sensibly diminished. Thus Sir John
Tomes, speaking of the incisor teeth of rodents, states, ¢ The
tubes which proceed from the pulp cavity near the base of the
tooth are,in most cases, perceptibly larger than those that are
sitnated higher up ; hence it follows that, as the latter were
once near the base of the tooth, the dentinal tubes undergo
a diminution of ealibre 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.”

Lionel Beale calls attention to the fact that the hollows
of the canals are larger neavest to the pulp, and smallest
at the periphery of the tooth, mm other words, at the
oldest part. Also that caleification 1s still slowly going on
even 1n advanced life, so as often to lead to the obliteration
of the peripheral tubes. There is, too, the statement of
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Robin and Magitot, that the teeth become more rich in
caleareous salts as age advances, so that analyses of human
teeth show greaf discrepancies.

It is difficult to see how a dentinal tube once formed can
become contracted to a third or half of its diameter unless
it is believed that that which was at first the soft tissue
(dentinal fibril) occupying its canal may become af its periphery
metamorphosed into “dentinal sheath,” while that which
was originally this latter has passed into the condition of
matrix. But it has been urged (see p. T4) that the dentinal
sheath has no separate existence in the dentine until after its
disintegration by a strong acid.

The explanation has, however, been suggested that the
odontoblasts and their processes differ in size during different
periods in denfine formation (Hopewell-Smith) ; and probably
in this observation lies the whole truth of the matter.

Calcification of Vaso-dentine.—Like ortho-dentine, this
is developed in a uniform layer upon the surface of a simple
pulp, which ecan be pulled out of the eap of formed dentine at
any time.

During the calcification of ordinary dentine there is an
abundant plexus of capillary vessels a very short distance
beneath the odontoblast layer, but this recedes as dentine
formation goes on, and does mnot, except as a matter of
accident, get included in the forming dentine. Never-
theless, a moment's reflection will show that (except in
the earliest stages, Dbefore any dentine i1s formed) this
plexus must at a prior time have occupied the place now
taken possession of by the inward-marching odontoblasts
and dentine. But in the calcification of a formative pulp
into wvaso-dentine this recession of its vessels before the
advancing border of calcification does not take place; the
whole vascular network of the papilla remains and continues
to carry blood eireulating through it, even after calcification
has erept up to and around it.

Just as in a hard dentine, the calcification takes place on
the surface of the pulp, but owing to the great development
of the eonnective tissue elements, the odontoblasts are not so
conspicuous, although, by search, round cells like osteoblasts
are to be found there.

Indeed, as has already been seen, the very same pulp with
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an odontoblast layer is able, at the tip of the tooth, to form
a finely tubular dentine, and lower down to gradually change
its methods so as to leave vessels carrying red blood through
special channels. (See Fig. 53.) The typical odontoblasts
seem to be concerned in keeping open the tubes of dentine,
in which their protoplasmie processes remain.

The capability of a pulp to change its method of ealeifieation
1s very prettily illustrated in the teeth of some fish, of which
the Sargus may be selected.

In this fish the dentine pulp for some time goes on forming

Fig. 106.—Base of the dentine of the erown, and the implanted portion of
the tooth of Sargus. The surrounding bone in which the latter is
imbedded is indicated in outline only. A. Fine tubed dentine ; B. Vaso-
dentine,

a fine-tubed hard dentine in which no wvasecular canals exist,
but at a certain point a sudden break oceurs, which (Fig. 106)
coincides with the commencement of the implanted portion of
the tooth.

This implanted portion differs from the true dentine tooth
above it, in that it contains at first a few, and then no
dentinal tubes at all, and it does contain vascular loops and
the somewhat irregular spaces which are to be found in the
bones of these fish. Moreover, at the base of the footh above
the break, towards the outer surface of the dentine, a few
vascular loops begin to appear, foreshadowing the more
complete change which is about to oceur (Fig. 56).

The great peculiarity of the process is that there 1s no apparent
change in the structure of the formative pulp, which is eontinued
down with its edontoblast layer just the same, not the smallest
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difference being distinguishable between the pulp above and
below the break. Below it, the tooth pulp with its odonto-
blast layer goes on at first forming an additional portion of

Fi1c. 107.—Diagrammatic represeniation of tooth and tooth-sac of Sergus,
showing the relation of the implanted portion to the odontoblast layer
and the tooth-sac.

the same diameter as before, but it is thinned down pretty
speedily to an edge.

The after-history of this deeper portion of the tooth is that
it is imbedded in and thoroughly fused with the surrounding
bone of the jaw.

Calcification of Osteo-dentine.—With the exception of

F'1G, 108.—Point of junction of the two portions, more highly magnified,

the thin external layers (see Fig. 59), which are developed
from a superficial layer of not very highly specialised cells,
osteo-dentine is built up in a manner fundamentally different
from that in which ortho-dentine, plici-dentine, and vaso-
dentine are construeted.

For it is not, like these, a surface formation ; it is not laid
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down In a regular manner upon the exterior of a pulp,
and 1t has no relation to an odontoblast layer, if, perhaps, its
thin exterior shell be excepted.

5o soon as this has been formed, its inner surface becomes
roughened by trabecul® shooting inwards into the substance
of the pulp, which speedily becomes traversed completely by
them, as well as by the connective tissue bundles which are
eontinuous with them. Thus the pulp, being pierced throngh
in every direction by these ingrowths, cannot be withdrawn,
like the pulp of a hard or of a vaso-dentine tooth, from the
interior of the dentine cap. Osteoblasts clothe, like an epithe-
lium, the trabeenl® and the connective tissue fibres attached
to them, and by the ealeification of these the osteo-dentine is
formed.

The process is exactly like the caleification of any membrane-
hone, and the connective tissue bundles remind one of those
which are believed to be the ocecasion of the formation of
Sharpey’s fibres in bone. In the case of teeth which are going
to be anchylosed to the subjacent bone, these fibres run con-
tinuously from the interior of the dentine cap down to the
bone, and caleification in and around them binds the two
inseparably together.

It is interesting to note, especially in connection with the
fact that some observers believe Sharpey’s fibres to be elastie,
that the hinged teeth of the pike (see Fig. 133) owe their power
of resilience entirely to the elasticity of these conneetive tissue
bundles, which do not become completely caleified ; although
at an early stage it would be quite impossible to say whether
a particular tooth was going to be anchylosed, or to be a
hinged tooth with elastic attachments.

Thus it will be seen, that if the connective tissue theory of
dentine development be aeccepfed, the development of the
several varieties of dentine, which seem to run into one another
structurally by almost imperceptible gradations, comes into
line and so seems more intelligible. Still it may be possible
that in each kind, as particularly clearly seen in osteo-dentines,
osteoblastic cells, as apart from odontoblastic cells, may
produce the dentine matrix.

Dental Follicle. By the time that calcification is com-
mencing, there is a tooth-follicle or fissue forming a tough
capsule-like investment around the dentine-germ and enamel-
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organ. At an early period of development the tissue forming
the dentine-papilla of a mammalian tooth is seen to be pro-
longed outwards amrd upwards from its base (see I in Fig. 75) ;
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 the
dentine-forming organ has itself originated is in this region
also becoming more pronounced, it is hard fo say; probably
the latter is the more correct. This upgrowth from the base

Fig. 1080.—Tooth-sac  of a calf (semi-diagrammatic). . Tooth-sac.
al, a?. Its outer and middle portions. & Stellate cells of enamel-
organ. ¢ Kxternal epithelium of enamel-organ. 4. Internal epithe-
lium of enamel-organ. e Odontoblasts. f. Dentine pulp or papilla.
g. Vessels in dentine pulp. i. Points where the sac becomes fused
with the base of the dentine papilla.

of the dentine-papilla is the first appearance of a special
dental sacculus, which is thus derived from sources identical
with that of the formative 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
being rapidly formed at its sides and under its bage. If at
this stage (see Figs. 75 and 110) the gum be stripped off
the jaws, the developing {ooth capsules are torn off with it,
and are inseparable from it except by actual cufting, thus
leaving the gutter of bone quite bare and empty. In fact,
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Fia. 110.—Transverse section of the lower jaw and developing back tooth

of a lamb, copied from Waldeyer (Henle's * Zeitschrift f. Rat. Med.”
1865). In its outlines the figure is faithful to nature; it is so far
diagrammatic that more of the 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 epithelinm and the outer
epithelium of the enamel become continuous. 5. Enamel cells or internal
epithelinm. 6. External epithelium of enmamel-organ, 7. Stellate reti-
culum of enamel-organ. 8. Papillary projections into the enamel-organ.
9, Connective tissue around the sac, becoming continuous above with
that of the gum (92): 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. 15. Muscular bundles from floor of month,
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the capsule or sac consists of almost the whole of the con-
nective tissue which intervenes between the special dentine
and enamel-germs. and the bone—the latter originating deep
in the tissues and independently of any periosteum, which
is not yet differentiated.

In the first instance the follicle wall is only distinguished
from the connective tissue external to it by being somewhaf
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 tooth-sae, the follicle wall i1s not separable
nor distinguishable from the base of the dentine-papilla
with which it blends. The follicle wall is richly vasecular ;
and over the surface of the enamel-organ it is prolonged
inwards in the form of villous or papilliform eminences, pro-
jecting infio the external epithelium of the enamel-organ. To
these prominences, which are analogous to the papille on the
free surface of the gum, some authors attach much importance,
as having an influence upon the direction of the enamel rods,
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 ungulates, where there is to be a deposi-
tion of coronal cement. This differentiation of a portion of
the dental-sac is thought by Legros, Robin, and Magitot, to be
sufficiently pronounced to justify its designation as a distinet
“cement-organ,” though many later writers altogether dispute
this,

THE CEMENT-ORGAN.

Cementum is, according to these last mentioned authors,
developed, just as bone is, in two distinet methods.

Where it is not to be very thick, and is o clothe roots, the
ossification takes place in membrane (the alveolo-dental
periosteum), but where it is to form a thick layer over the
erown, as in ruminants, a cartilaginous cement-organ is
formed, and a ealeification analogous to formation of bone n
cartilage ensues.

Thus the cement-organ is found in those animals only which
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have coronal eement, such as in some of the [ ‘ngulata. In a
calf embryo about the time that dentine ecaleification is com-
mencing, there may be distinguished beneath the follicle wall
and above the enamel-organ a greyish layer of tissue thiek
enough to be distinguishable with the naked eye, and of firmer
consistence than the enamel-organ, from which it also differs
in being richly vascular.

But though it exists at this early period, it is not till later,
when, after the completion of the dentine and enamel imme-
diately beneath it, its own funetion is about to ecome into
play, that it attains to its characteristic structure. This Legros

'1G. 111.—Cement-organ of a calf. (After Magitot.) «. Fibroid matrix.
b, Cartilage cells and capsules.
and Magitot designate as fibro-cartilaginous, as there appear in
it characteristic cartilage cells, contfaining one, two, or rarely
three cells, which have spherical or ovoid nuclei.

In those creatures which have cementum upon the roots of
the teeth only, no speecial cement-organ exists, but osteoblasts
which caleify the cementum are furnished by the tooth-sac.

It is said that the inner layer of the tooth-sac is concerned
in the formation of the cement ; that the outer layer, conjointly
with the surrounding connective tissue, is converted into the
aiveolo-dental periosteum. In human teeth the parts of the
follicle wall or sac cease to be distinetly distinguishable af a
comparatively early period, and their importance is not such
as to call for any very detailed deseripfion.
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Another structure, once thought important, and now
lknown to be a mere bundle of dense fibrous tissue, i1s the
“ gubernaculum.” _ Bach permanent tooth-sae during its
growth, has become invested by a bony shell, which is
complete, save at a point near its apex, where there is a fora-
men. Through this foramen, very conspicuous when the
surrounding bone is broken away, passes a thin fibrous cord,
which is ealled the “ gubernaculum,” from the notions enter-
tained by the older anatomists that it was concerned in
directing or effecting the eruption of the tooth. 'The guber-
nacula of the front permanent tooth-sacs perforate the alveo-
lar process of the jaws and blend with the gum behind the
necks of the corresponding milk teeth ; those of the premolars
unite with the periosteum of the alveoli of their deciduous
predecessors.

The Calcification of Cementum.—Just as is the case
with bones elsewhere in the body, cementum may, perhaps,
be formed in two distinet ways— Dby membranous ossification,
and by ossification in a fibro-cartilage, the former method
obtaining upon the roots of teeth, and the latter upon those
erowns where the cement-organ described by Magitot exists.

At the time when the crown of a tooth appears through the
gum, it alone is complete, and the root has yet to be calcified.
As each portion of dentine of the root is completed, it is coated
with a eclosely-adherent vascular membrane which is, in fact,
the follicle wall, and which is to become, when the cement is
formed, the alveolo-dental periosteum.

The inner or dentinal face of this membrane presents a layer
of large cells, the osteoblasts of Gegenbaur, and it is by their
agency that bone or cementum is formed. These osteoblasts
are themselves a special development where bone is about to
be manufactured, as was clearly explained in the following
extract from a paper by Sir John Tomes and the late Mr,
De Morgan, (*¥) who termed them osteal cells :—

* 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.
Frerywhere about growing bone a careful examination will reveal
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cells altached to its surface, while the surface of the bone itself
will present a sevies of similar bodies ossified. To these we
propose to give the name of osteal cells.”

Behind the osteoblasts and very near to the perfected
cementum lies a reticulum or network, which looks like eon-
nective tissue, and is confused from the inferlacing of the
processes. Many of these processes pass into, and are lost in
the clear, structureless matrix of the already-formed cementum,
and persist in it, as Sharpey’s fibres.

Where tendons or ligaments are inserted into a bone, the
fibres or bundles of the ligament are continued into the bone
as penetrating fibres (Sharpey’s fibres). Von Ebner holds
that they are composed of bundles of fibre-like connective
tissue, and thinks that they are not ecalcified, but merely
imbedded in a caleified matrix. It is more commonly thought
that in the development of bone, to which cementum is
closely similar, bundles of fibres like those of connective tissue
(osteogenefic fibres) appear, and become stiffened and ealeified
by a globular deposition of lime salts in them, these globules
coalescing,

Thus a membrane-bone is at first a nefwork of spicula,
beyond which extend the soft osteogenic fibres.

Ixternally to the fine-meshed network which has been well
ficured and deseribed by Lionel Beale, the soft fissue sur-
rounding 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 bone of the alveolus to
the cementum of the tooth, becoming lost at each extremity
in the one tissue or the other.

Here and there osteoblasts become enclosed in the forming
matrix, and remain as the bone corpuscle of the future bone,
oceupying its lacunz.

In carmine-stained preparations from the teeth of calves a
round nucleus may sometimes be seen lying in the stellate
““lacuna "' ; the nueleus 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 fefuses, and,
though this is diffieult to understand, the traces of the nucleus
seem to be beautifully preserved in the lacun of a supposed
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Pterodactyle bone from the Wealden, a section from which was
figured by Sir John Tomes in the paper referred to. Ixactly
as caleification, advancing with irregularity 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 con-
tiguous cells as to obliterate their confours. 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.”

That which determines the formation of a lacuna, or an
encapsuled 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 Sir John Tomes and
Dr. Morgan above alluded to: *“We see the boundary of
the original lacunal cells only in those cases where the lacuna
have but few, or are entirely devoid of canalieuli. It would
appear to be a law, to which there are few, if any, excep-
tions, that when anastomosis is established between adjoining
lacunse, the lacunal cells blend with the contiguous parts, and
are no longer recognisable as distinet bodies.”

The connective tissue-like fibres are not thought by all histologists
to be the primary sources of bone matrix, but some regard the fibrillated
ground substance as derived from a part of the osteoblasts. Thus Klein
considers that the osteoblasts form both matrix and bone corpuscles.
‘“ lach osteoblast by the peripheral portion of its cell substance gives
origin to the osseous ground substance, while the central protoplasm
round the nucleus persists with the latter as the nucleated bone-cell.
The bone-cell and the space in which it lies become branched. Ior a
row of osteoblasts a row of oblong or round territories iz found, each
composed of matrix, and in it a nucleated branched cell. The outlines
of individual territories are gradually lost, and a continuous osseous
lamina, with its bone-cells then results. The ground substance is from
the outset a network of fibrils; it is at first soft, but soon becomes
impregnated with inorganic salts, the process commencing at the
‘ point of ossification.” The bone-eells, with their processes, are situated
in corresponding lacunm and canaliculi, just as in the adult osseous
substance.”

Sehiifer urges as an objection to this view that there is no indiea-
tion in the formed bone of the cell areas, nor of partly converted
osteoblasts ; and if the periphery becomes converted into ground
substance and the centre and nuclens persist as the contents of a
lacuna, the osteoblast should be far larger than the lacuna, which is
not the case. This objection, however, applies with less force to the
very larze * osteoblast™ cell, which iz as large as the encapsuled lacuna

D.A. 14
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According to Kolliker, the cementum is first deposited in isolated
scales, which coalesce with one another, rather than in a continuous
sheet. In the teeth of the Primates, the Carnivera, Inzectivora, &e., the
cementum, at least in any appreciable thickness, is confined to the roots
of the teeth.

M. Magitot states that the calecification of the cartilaginous cement-
organ of ungulates differs in no respect from that of other cartilages, but
in his description he merely states that patches of ecaleification appear
here and there in the deepest portion of the organ, coalesce, and come to
invade its entire thickness; and, further, that the cement at the period
of eruption iz constituted of * osteoblasts' regularly grouped round
vascular canals, and included in a ground substance finely striated.(%)
But where intra.cartilaginous ossifications oceur elsewhere in the body -
a temporary bone is formed by the calcification of the cartilage matrix,
which is subsequently absorbed and swept away, as marrow-containing
channels appear in it and bore their way through it, substituting for the
calcified eartilage a bone developed from osteoblasts ; and nltimately all
remains of the caleified cartilage or temporary bone disappear. Thus all
bone, whether developed 1n cartilage or in membrane, 13 formed alike, the
caleified cartilage merely forming a temporary framework or scatfolding,
in and amongst which the bone is formed from osteoblasts. But
M. Magitot does not deseribe in any such detail caleification of cartilage
and subsequent removal to give place to an osteoblast-derived bone,
though he speaks of the cartilaginous cement-organ as a transitory or
temporary structure.

HisToricAlL SURVEY 0F THE DEVELOPMEXT oF THE TEETH.

It may perhaps assist the student, who may be perplexed in endea-
vouring to reconcile the statements of various authors, to give a suceinet
history of the views upon the development of the teeth from time to
time set forth.

Before the time of Goodsir (1838), the initial stages of development
were described by Raschkow, somewhat vaguely as proceeding under-
neath the mucous membrane ; he did not, however, trace out in what
precise manner the several parts of the tooth-germ orviginated. The
paper of Goodsir, giving, in the place of somewhat general notions a very
definite and intelligible deseription of observations, was accepted without
question by most anatomists, if not by all.  Accordingly there may be
found in all the text-books at and after that period, and in some even up
to the present day, the description given by Goodsir reproduced almost
without alteration, so that it will be worth while to briefly relate what
his views were.

He believed that at an early period in feetal life there appeared a con-
tinuous open groove, running round the whole circumference of the jaws ;
that from the bottom of this groove there arose isolated 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 edges over them, whilst at the same time transverse septa
were formed, so that the several papillze became enclosed in their own
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separate follicles. With the details of the process as described by him
the reader need not be concerned ; it will suffice to remember that he dis-
tinguished 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 Professor Owen and Professor
Giebel may be found accounts of development of the teeth in these animals
which are perfectly inaccord with Goodsir’s theory, but which, in fact, are
far more inaccurate than the same theories were as applied to mammalian
tecth.

Even so careful a writer as Professor Huxley, who was the first to point
ont that these stages really did not exist either in the frog, the mackerel,
or certain other fish, accepted them without question as true of mammals.
Markusen * (1849) gave upon the whole a correet account of the process,
referring the enamel to the oral epithelium, and Professor Huxley (1854),
whilst demonstrating that the stage of free papillie was not to be found
in certuin fish and reptiles (a fact also made out in the newt by Dnr.
Beale), clearly and strongly expressed the same view as to the origin of
the enamel-organ, and hence of the enamel. It would be wrong, however,
to set small value upon the observations of Goodsir. They were a great
step in advance, and were as accurate as the methods of investigation
then in use would allow of; moreover the error in observation is very
easy to account for. The epithelium having peeled off as a result of de-
composition or the use of weak spirit, the state of things left does not
widely differ from that described.

The subject rested for many years without further advances, but in
1863 Kolliker demonstrated, beyond all eavil, the real origin of the enamel
organ and its relations to the oral epithelium, the dentine-organ, and
the dental sac.

His views, substantially correct, have been elaborated by Waldeyer,
Kollman, Hertz, Legros and Magitot, Wedl, Hertwig and others and only
in minor particulars have they been modified.

The development of the teeth of reptiles was found by a pupil of Killiker,
Santi Sirena, to have several features in accord with that of mammalian
teeth: and the author's researches on the teeth of Batrachia, fish and
reptiles, elsewhere detailed, have proved a striking general similarity in
the process throughout the vertebrate kingdomn.

Membrana Preformativa.—To the student of dental development
few things are more perplexing than the conflicting statements which he
reads in various works as to the nature and position of the Membrana
preformative ; after having mastered with difficulty some one deseription
of its character, he finds that many of the most recent authors altogether
deny its existence.

*In the résumé given by Messrs. Legros and Magitot, before veferred to, due
credit is not given to the papers of Markusen and Huxley (1849, 1854) (although
they are alluded to), and it appears that too much is given to that of Natalis
Guillot (1858).

14—g
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According to the older theories of tooth development, under the thrall
of which earlier authors have written, the tooth-germ was in the first
instance a free, uncovered papilla of the mucous membrane which sub-
sequently sank inand became encapsulated, &e., &e. (see pp. 129 and 210).
Moreover, it was taught by the older histologists that fine homogeneous
“ basement membranes ™ were to be found in a great variety of situations,
amongst others beneath the epithelium of the mucous membrane, and
that these were physiologically of much importance, inasmuch as they
formed defining limits, through which structures did not pass. As a
necessary consequence of these views, it was assumed as a matter of
course that the “ dentine papilla™ must be covered over by a ** hasement
membrane,” or membrana preformativa,

Thus this membrane necesszarily intervened between the enamel-organ
and the dentine-papilla, and hence gave rise to difficulties in the under-
standing of the caleifying process. Henle considered that evidences of
its presence speedily became lost, but that ossification proceeded in oppo-
site directions upon the two sides of this membrane ; from within out-
wards in the case of the enamel, from without inwards in the case of the
dentine.

Huxley, starting on the same hypothesis as to its position, namely,
that it was placed 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 p. 172), he concluded that this was
the original membrana preformativa, that it afterwards became Nas-
myth’'s membrane, and that enamel was developed, without the direct
participation of the enamel-organ, seeing that a membrane separated the
two.

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.

There are thus three situations assigned to the membrane covering the
dentine papilla, or membrana preformativa :—

(i.) Between the dentine and the enamel (Henle):
(ii.) Between the enamel and the enamel-organ, te., outside the
enamel (Huxley):
(iii.) Between the dentine and the pulp (several writers of less
authority).

Many writers deny its existence altogether, explaining on other
grmlud‘.ﬂ the appearances observed.

Markusen believed that it was nothing more than the part of the
papilla first ossified ; and 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.

Robin and Magitot have offered a plausible explanation of the appear-
ance of a limiting membrane over the pulp, which is briefly this: the
formative pulp is rich in a clear substance of gelatinous consistency
(which, in fact, forms its chief bulk), reminding the observer of the fissue
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contained in the umbilical cord. This is somewhat more dense towards the
surface, where it forms a matrix for the odontoblasts and projects beyond
them, so as to appear, in section or at a thin edge, like a sort of varnish
to the papilla. From its greater density near the surface, it may
become corrugated, and so seem like a folded or torn membrane.

It is difficult to imagine that such a membrane exists upon papillie
formed at sucha great distance from the surface as those of the snake or the
lizard (Fig. 81); if there be such a membrane, it might be a sccondary
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 bazement membrane of the oral mucous membrane; or
else it must have been carried in as a sort of ead de sac in front of the inward
growing process of the epithelimm, to which in that case it would belong
rather than to the dentine-germ. Neither of these =suppositions
commends itself as probable ; and a still greater obstacle to the accept-
ance of a membrane in this position is afforded by the structure of
marsupial teeth (see Figs, 21 and 90), in which the membrane would be
everywhere perforated by the soft contents of the dentine and enamel
tubes.

Huber considers that the membrana prefermativa is a product of the
ends of the odontoblasts, which by a coalescence form a continuous sheet,
and that this by its caleification becomes the granular layer of Tomes,
a view which seems most highly improbable.

It must be remembered also that basement membranes have for the
most part been found to consist really of flattened cells, and to be very
often incomplete and fenestrated. The latest contribution to the subject
is in Leon Williams's paper upon enamel. Dy staining (apparently with
Ehrlich-Biondi stain) he has found an appearance of a distinct line of
different colour at that end of the enamel cells where they approach the
dentine-papilla, and also at their other ends, i.e., between them and the
cells of the stratum infermedium. Now a difference in colour with a
double stain means a difference of chemical or, perhaps, physical consti-
tution or of reaction to a certain extent; but whether this region of
difference can be rightly, on that evidence alone, deseribed as a membrane
may be doubted, and Leon Williams expresses himself with some caution
as to the nature of the stained lines. And Ehrlich-Biondi is a very fickle
stain, very slight causes apparently determining a difference. Thus the
completely-formed and partly-formed dentine and enamel will often
stain two different colours.

In former editions of this book Magitot's table giving the date of
appearance of the various tooth-germs and the size of their caleified caps
was given ; but in this, as well as in the last edition, Rise’s table has been
atdopted, the latter having shown that in all probability the age of some of
Magitot's specimens was not correctly ascertained. Rose has followed
His in his determinations of the age corresponding to certain lengths of
foetus, and some of the prineipal dates thus ascertained are as follows :—

(i.) First appearance of the dental lamina takes place from the thirty-
fourth to the fortieth day of intra-uterine life.
(11.) About the tenth week the anterior eight papille form and become
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imbedded in their respective enamel-organs, the remaining two
following in a week or so. The separating of their enamel-
zerms from the tooth-band begins about the fourteenth week.

(iii.) In the fourteenth week the tooth-band extends beyond the lowest
milk molar, and about the seventeenth week the papilla of the
first permanent molar becomes developed.

(iv.) In the sixth month after birth the beginnings of the second molar
appear.

(v.) At about three and a quarter years the commencement of the

third molar is seen.
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CHAPTER VII.

THE DEVELOPMENT OF THE JAWS—THE ERUPTION OF THE
TEETH.

At an early period in the development of the embryo there
is a single primitive buccal cavity, which is subsequently
divided into a nasal and an oral cavity by the palatine plates
growing horizontally across it ; the pharynx behind the hinder
end of the primitive buceal cavity remains undivided.

About the third week in the human embryo the foreguf
(see p. 3) becomes enlarged in the head region to form the
pharynx. The hypoblast which lines it grows transversely
outwards on each side at four different levels, these outgrowths
being met by corresponding ingrowths of the epiblast from
the surface. The bilaminar membranes thus formed at each
spot, soon become ruptured. Four clefts are thus formed, of
which the first is the largest and the fourth the smallest ;
these pass right through, so as to become actual slits.

The tissues intervening between them become thickened
and strengthened, forming vertical bars between the visceral
clefts ; the same thing happens in front of the first and
behind the last, so that there are five bars or visceral
arches to the four clefts. In man these clefts are of course
transitory struetures and no true slits are formed, but they
remain open in fish and some Amphibia, and are familiar to us
as the gill-slits of fish. The intervening bars develop vaseular
filamentous processes which serve for respirafion, forming the
gills. The fish takes the aerated water into its mouth and
expels it through the slits between its gills or wvisceral
arches.

On their inner aspect these arches in fish often carry teeth
which in form and strueture resemble those in the mouth.*

The visceral arches have, however, a further importance to
the student of the development of the jaws, for inside the first

* FFor a more detailed account of the pharyngeal teeth, the reader is referred

to a series of papers which have recently appeared in the Zwwlogist by Colonel
Shepherd.—H. W. M. T.
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visceral arch, that is fo say, in front of the first visceral cleft,
a cartilaginous bar is developed, which runs round to meet its
fellow of the opposite side. This is known as Meckel's cartilage ;
it starts from the base of the cranium in the immediate
neighbourhood of the future ear, and at this end of it two of
the auditory ossicles, the incus and malleus, are ultimately
formed.*

The most recent work on the development of the maxilla
and mandible in man, is that by Prof. Fawecett, of the
University of DBristol, who has most kindly written the
following résumé of his investigations :—

‘“The Human Maxilla is developed as a covering bone to
the nasal capsule in close connection with the branches—but
not the main trunk—of the superior maxillary nerve which
lies at first much above the maxilla.

This bone consists of two originally independent elements,
the maxilla proper and the premaxilla, either of which may
ossify before the other. But in any event incomplete fusion
takes place between them at a very early period, so that their
original independence is not manifest when viewed from the
exterior.

The maxilla commences to ossify in the neighbourhood of
the canine tooth-germ and rapidly grows upwards and
downwards, inwards and backwards. The upward growth
produces a great part—the posterior—of the nasal or frontal
process. The downward growth produces the outer alveolar
walls ; the inward one, the palatine process, and the backward
one, both outer alveolar and malar processes. These parts
are visible at the 19 mm. stage.

The anterior dental nerve runs forwards under the palatine
process. At alater stage the palatine process increases greatly
in height and at the same time grows backwards, leaving a
gap between itself and the outer alveolo-malar process through
which the dental nerves run.

Still later the palatine process gives off a dependent ridge
on the medial side of the milk molar tooth-germs which forms
the inner alveolar wall and about the same time—387 mm.—
metaplastic cartilage forms along the alveolo-molar process, but
this rapidly becomes converted into bone.

* The development and morphology of the auditory ossicles is as yet not
accurately determined (2, 3).



220 A MANUAL OF DENTAL ANATOMY.

Up to the 30 mm. stage the main trunk of the superior
maxillary nerve lies some distance above the very small tri-
angular orbital surface of the maxilla, but at the 30 mm. stage
a groove, the infraorbital groove, soon becomes evident and its
walls subsequently close in to form the infraorbital foramen.

During all but the very early stages the height of the maxilla
is relatively small, and the orbital surface is only separated from
the roof of the tooth sockets by a thin plate of bone.

With the advent of the antrum of Highmore whieh is at first
an outpouching of the lateral nasal cartilage and long retains
its cartilaginous lining, the orbital floor is separated from the
alveolar roof, and this separation inereases with the age of the
bone. At the 100 mm. stage an off-shoof of the lateral nasal
capsule which partially encireles the lachrymal duet becomes
invaded by ossification and incorporated within the maxilla.

The maxilla is thus derived mainly from membrane, but in
part from metaplastic cartilage and in part from the primordial
cranial eapsule; and by ene centre of ossification.

The Premaxilla arvises by two centres, one the palato-facial,
which forms part of the hard palate, appears on the face and
contributes to the formation of the frontal process of the
complete maxilla.

This eentre contains the incisor tooth-germs. The other
centre to avoid confusion had best be called (as originally by
Rambard and Renault) the subvomeran. 1t forms that part of
the premaxilla which lies mesial to Stenson’s duet, and 1s only
vigible from below when the anterior palatine fossa is of large
size. It appears normally at the 50—55 mm. stage and soon
commences to fuse with the palato-facial centre.

It may be regarded as a covering bone to the anterior
paraseptal cartilage.

The premaxilla and maxilla commence to fuse along the
outer alveolar wall almost as soon as they are formed ;
elsewhere, fusion is delayed as is well known, to a
comparatively late period, that between the nasal processes
preceding the remainder.

The Human Mandible, the second bone in the body to
ossify, being preceded only by the clavicle in that respect, is
developed by two centres, one for each half, which commencing
in ‘membrane’ in the immediate neighbourhood of the man-
dibular nerve gradually involves certain cartilages, one of
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which is Meckel’s ecartilage, and the others are cartilages
which arise quite independently of Meckel's cartilage, and are
not to be considered as parts of the primordial chondro-
eraninm.

Ossification in Membrane.—The mandible arises primarily
in the interior of the mandibular arch of the embryo which
is perforated from back to front by the mandibular branch
of the fifth eranial nerve. This nerve on passing forwards
divides into two terminal branches, one which runs forwards
towards the middle line—the inciser branch, the other which
takes a more lateral course—the mental nerve. On each
gide of the mandibular nerve and its forward continuation,
the incisor nerve, the core of mesoblast occupying the

--)-mandib.nerve
Meckel's anlage -

membranows anlage

(NCIGOr NEerve-i—— =7

Fie. 112, —Horizontal section of mandibular arch with contained structures,
at sccond stage of development,

mandibular areh condenses to form two denser masses, viz.
one median to the nerves in question, the forerunner of
Meckel's cartilage, the other lateral fo the nerves, the fore-
runner of the membranous mandible.

The mandibular nerve and its incisor continuation come thus
fo lie in the interval betweeen the more median Meckel anlage,
and the more lateral membranous jaw anlage (Fig. 112).

Ossification in membrane ecommences in the membranous
anlage in the angle between the incisor and mental branches
of the mandibular nerve at the 17-—18 mm. stage ; it proceeds
backwards underneath the mental nerve, which thus comes to
lie in a groove on the upper aspect of the bone (Figs. 113,
114).

At a little later stage, just before the 19 mm. stage, the
anterior wall of the mental groove forms a spur which grows
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backwards over the mental nerve, and will at the 19 mm. stage
fuse with the hind wall of the groove and so complete the
mental foramen (Fig. 115).

Frgs, 113, 114.—Side views of developing mandible.

During the same period the anterior part of the floor of the
mental groove proliferates in an inward direction, insinunates
itself between the incisor nerve and Meckel's eartilage,
gradually overlapping the latter, by so doing forms the first
commencement of the iternal alveolar wall, and at a little
later date the outer and inner alveolar walls become connecfed
with one another by a bony bridge which arching over the
ineisor nerve forms the ineisor canal, the first canal eon-
taining nerve to be formed in the mandible (the inferior
dental eanal containing the inferior dental or mandibular nerve
not being formed till the late 60 mm. stage). By the 30 mm.
stage there is much advance in growth of the membrane bone,
especially in the backward direction, and the first sign of a
coronoid process is now visible.

The condyle region is still in a “ membranous ™ or connee-
tive tissue condition.

In the region near the incisor nerve more active growth is
taking place, for two inwardly directed shelves have now made
their appearance, one which grows from the inner alveolar
wall above Meckel's cartilage, the other from the main mass
of bone below the mner alveolar wall which grows inwards
below Meckel's cartilage. In course of time fhese inwardly
directed shelves will meet on the medial side of Meckel's
cartilage, and enclose it from near the middle line to the
region of the second milk molar tooth in the backward direction.
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In transverse (Coronal) section the appearance is as shown in
the accompanying diagram (Iig. 115).

At the 42 mm. stage, Meckel's cartilage becomes invaded
by ossification, usually opposite the first and second incisor
tooth buds. Prior to doing so the perichondrium becomes

markedly thinner opposite these tooth buds, and osteoblasts
seem to invade the cartilage opposite the tooth buds from the
neighbouring membrane bone. The final result is that

Meckel’s cartilage ~--F= -

Fic. 116.

Meckel's eartilage undergoes ossification and incorporation in
the mandible from near the symphysis to the second milk
molar tooth-germ, but not by a separate centre of ossification.

incisornerve
o --outer alveolar wall
"o--ment al nerve
~ Meckel's cart
““main sten

Fia. 117.

inneralveolar wall--.

bony shelves << (7

Ossification in other Cartilages.—At a comparatively
late period carfilage becomes developed in the unossified con-
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nective tissue from which the membranous jaw is formed, and
at the following sites:

At the 50—355 mm. stage, a mass of cartilage appears in the
region of the condyle (Fig. 118), this mass is shaped like a
carrot, the large end forming the condyle, the small end
tapering away under the root of the coronoid process.

This cartilage is capped at its free end by dense connective
tissue whieh does not chondrify. It is not like ordinary
hyaline cartilage, containing very little matrix, and it com-
mences to ossify almost as soon as formed, but it is nof
completely ossified till quite late, traces being found af birth
even. As in the case of Meckel's cartilage, there is no
independent ossifieation, it is simply a ease of invasion from the
neighbouring membrane bone, and it takes place more rapidly
on the inner than the outer side.

At the 80 mm. stage a strip of cartilage of the same nafture
as the last appears along the anterior border of the coronoid
process (Fig. 119). This becomes invaded by ossification from
the neighbouring membrane bone.

At the 100 mm. stage, a mass of cartilage appears along the
top of both the inner and outer alveolar walls (Fig. 120) : this

‘- membrane bonc
50-55m.m.

Fiag. 115,

is continued downwards along the symphysial margin of the
mandible and outwards towards the future digastric impression.

It, like the others, is normally ossified by invasion from the
neighbouring membrane bone.

All these cartilages are usually classified as metaplastie
cartilages, and have no connection whatsoever with Meckel's
cartilage, nor are they normally ossified independently. Tt is
possible however that two of them rarely may be, viz., the
Coronoid and the Symphysial.

Prof. Fawcett has a speeimen of monkey’s jaw (species
unknown) in which there is an independent bony element in
the tip and anterior border of the coronoid process, which
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corresponds very well with the coronoid strip of cartilage of
man, and Kerckringius has described such a mass in man,.
The writer has never seen it.

It is possible that the ossa mentalia which are so often
found in the symphysial region are the result of independent
ossifieation of the symphysial cartilage.

Meckel's Cartilage.-—This in early fetal life is a con-

Fig. 119,

densation of the mesoblast of the mandibular arch, placed on
the medial side of the mandibular (inferior dental and incisor)
nerve. Soon it segments off the ineus, and developing
tumefactions on its posterior end forms the malleus anlage,
the tumefaction producing the head and handle (Fig. 121).
The cartilage runs obliquely from behind forward in the
mandibular arch, and ends at first some distance from the
middle line in a blunt-pointed extremity which has not

Fig. 120.

chondrified when ossification commences in the membranous
tissue lateral to ib. At a later stage, 24 mm., the anterior
extremity of the cartilage begins to swell out so that when
it is cut coronally it has a wedge shape.

The base of the wedge is upwards, and the inner basal angle
forms a growing point, which, lying in the loose connective
tissue in the symphysial tissue, bends backwards and comes
into close contact with its fellow, in some cases even fusing
with it as it does in many lower animals, e.g., marsupials,
Oceasionally this fused point may be segmented off to form an
azygos cartilage in the upper part of the symphysial connec-

InA. 15
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tive tissue, and it is possible that the unpaired os mentale which
sometimes exists may be derived from independent ossification
of this cartilage.

Except at the “ growing point™ just alluded to, Meckel's
cartilage undergoes ossification from the middle line back-
wards to the region of the second milk molar tooth, and is
incorporated with the mandible within the same limits.
Behind the tooth-germ in question the eartilage ultimately
disappears, but does not become the long internal lateral
ligament. That is formed from connective fissue quite
independently of the cartilage. During its growth Meckel's
cartilage tends to inerease in length more rapidly than the

Fia. 121.

membranous jaw ; it consequently tends to buckle up behind
the region of the second milk molar tooth, and in one case it
has been found so bent as to be eut twice in the same coronal
section. The perichondrium surrounding Meckel's cartilage 1s
very thick save where it is in close contact with the membrane
bone.

In cleft palate and hare-lip the cleft occurs between the
endo- and mesognathion ; a third dwarfed incisor is sometimes
found on the inner side of the cleft, and suggests that the
incigor missing from the typical mammalian dentition is Is.

With the later history of the other viseeral arches we have
not much coneern. It will suffice to note that the second
cartilaginous bar, called the hyoid bar, arises very close fo
Meckel's cartilage, and, indeed, has been considered by some
anatomists to possibly participate in the formation of the
malleus and 1neus.

The more usual view is, however, that it in great part dis-
appears, but that it is in part converted into the styloid
process, stylo-hyoid ligament, and lesser cornu of the hyoid
bone. The bar of the third arch, called the thyro-hyoid, in
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great part also disappears, but its lower end goes to form the
greater cornu of the hyoid bone.”

The student who wishes to pursue this subject further is
referred to the very excellent and clear account to be found
in the latest edition of “ Quain’s Anatomy.”

The later 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 Sir J.
Tomes' “ Dental Surgery,” the results of a very extensive
series of observations carried out upon maxille collected by
himself were detailed, confirming in the main Hunter's con-
clusions, but adding many new points to our knowledge ; and
from this work the author has borrowed largely in the present
chapter. The late Sir G. 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 towards the same conclusions.

As a means of giving the student a guide in his reading of
the following pages, and a clue to the results towards which
he is being led, a preliminary statement, which does not
pretend to scientific accuracy, may perhaps be useful ; while
the deseription given will relate for the most part to the lower
jaw, because its isolated position, bringing it into relation with
fewer other bones, renders it more easy to study ; not that any
difference of prineiple 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
exclusive relation with the teeth, the other serving distinetly
other purposes, as well as forming a base of support for the
dental apparatus.

The alveolar portion of the jaw, that which lies above the
level of the inferior dental canal, is developed around the milk
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 acquiring any consider-
able development. Onee formed, it is never removed, save

15—2
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that when in advanced old age the muscles of mastication
are no longer in full use it becomes, to a slight extent only,
wasted.

In order to understand the drift of the following deseription,
it 1s essential to keep in view the different life histories of
those two parts of the jaw just alluded to.

In an early feetus, long before the necessity for respiratory
movement or deglutition has become imminent, a thin lamina
of bone has begun to be developed beneath the tooth-germs,
forming, as it were, a semicircular gutter running round the
jaw, in which the developing tooth-sacs are lodged. The thin
gutter of bone is thus formed above and outside 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 over and cover them in in such manner as
the permanent tooth-germs are arched in, for the long furrow
is widely open at the top.

At the time of irth, the two halves of the mandibles are as
yet not anchylosed, but are united only by fibrous fissue.
““The alveolar margins are deeply indented with large open
crypts, more or less perfectly formed. The depth of these
bony cells is only sufficient to contain the developing teeth
and tooth-pulps, the former rising to the level of the alveolar
marging of the jaws. At this period the erypts 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 groove,
are less perfect at the back than at the front of the mouth.
The alveoli of the first 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 of the germ of the corresponding per-
manent tooth. They are divided from the erypts of the lateral
incisors by a septum which runs obliquely backwards and
inwards towards the median line. The sockefs for the second
incisors occupy a position slightly posterior to those for the
other incisors, and are divided from the canine alveoli by a
septum which proceeds obliquely baeckwards, and in the lower
jaw, as regards the median line of the mouth, ontwards. By
the arrangement of these divisions the alveoli of the first
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incisors are rendered broader in front than behind, and these
relative dimensions in the sockets of the second incisors are
reversed, as shown in Fig. 122, The erypts of the canine
teeth are placed a little anteriorly to those of the second and

F1a. 122,—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 caleified at this period. (V'wo-thirds life size.) a. Alveoli of
second incisors. b Alveoliof canines. e, Alveoli of second temporary
and first permanent molars. A bristle has been passed through the
inferior dental canal.

nearly in a line with those of the first incisors, giving to
the jaws a somewhat flattened anterior aspect.

While the main bulk of the lower jaw is thus 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 and
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distinet eavity cannot be said to exist, being merely repre-
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 caleification
has advanced in the various teeth.

A full half of the length of the crowns of the first ineisors,
about half that of the second, and the tips only of the canines
are caleified ; the first deciduous premolars are complete as to
their masticating surfaces; the second have their cusps more
or less irregularly united, in many specimens the four cusps
being united into a ring of dentine, the dentine in the central
depression of the crown being as yet unformed. During the
formation of the permanent teeth, very similar relations exist
between the amount of caleification in the incisors and eanines ;
thus when, as somefimes 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
erown of the first mmeisor, somewhat less of the second, and
the extreme tip of the eanine will be honeyecombed, while the
remainder of the tooth will be perfect, thus perpetuating an
evidence of the stages to which each of these teeth had at that
particular period attained.

Having noted in some detail the characters of the jaws 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 inerease in size takes place, new bone being
developed at all those points where the maxill®e are connected
by soft tissue with other bones, as well as from their own
periosteum. But the inerease in dimensions does not take
place in all directions equally, so that material changes of
form result.

In correspondence with the elongation of the tooth-saes,
the alveoli become 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
to one another, which is compensated by the inclination
inwards towards the middle line of the alveoli of the first
incisors. In the lower jaw the artienlar process, at first
hardly raised above the level of the alveolar border, grows
rapidly up, the direction of the ramus at first remaining
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oblique, though the angle of the jaw becomes developed as
a stout process for the attachment of muscles. At the age
of six months the symphysis is still well marked, and the
mental prominence first becomes noticeable.

An additional bony erypt for the first deeiduous premolar
has also appeared, though its separation from that of the
second deciduous premolar, from which it was at first in no
way distinet, is yet incomplete, especially in the lower jaw.
In the upper jaw the first deciduous premolar erypt has no
posterior wall ; bony cells for the permanent first ineisors
are well marked, but those for the others are mere deep pits
in the palatine wall of the crypts of the temporary teeth.

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, and thus separaling the
teeth from the orbit.

Postponing for the moment the consideration of the
eruption 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 unsunitable for the
purpose, because they would alter with the general alteration
in the dimensions of the bone: thus a process situated at 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 has 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 already, so to speak, at the end of
the bone, or, at least, of each half of it; and their general
correspondence in level with the inferior dental canal, which
ean hardly be imagined to undergo much alteration, indieates
that their position is tolerably constant throughout.

The points selected as landmarks are then the spine
mentales, the inferior dental eanal and its orifice, and the
mental foramen. The mental foramen itself does undergo
glight change in position, but this change can easily be
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estimated, and may as well at once be mentioned. As the
jaw undergnes increase in size, large additions are made to
its surface by deposition of bone from the periosteum, neces-
sarily lengthening the canal. The additions to the canal do
not, however, take place quite in the line of its original course,
but in this added portion it is bent a little outwards and
upwards. If we rasp off the bone of an adult jaw down to the
level of this bend, a process which nature in great part
performs for us in an aged jaw, or if instead we make due
allowance for the alteration, the mental foramen becomes an
available fixed point for measurement.

The mental foramen, which undergoes most of its total
change of position within a few months after birth, comes fo
correspond with the centre of the socket of the first deciduous
premolar ; later on it corresponds with the root of fhe first
premolar, which i1s thus shown to succeed, in exaect vertical
position, the first deciduous premolar.

On the inner surface of the jaw the tubercles for the
attachment of the genio-hyo-glossus and genio-hyoid muscles
are in the feetus opposite to, and very little below the base
of the alveoli of the first 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 arrived at by measurements taken from
these fixed points is that the alveolar arch occupied by the
permanent teeth which have had deciduous predecessors,
namely the incisors, canines, and premolars, 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 alteration
in form or to intevstitial growth, but to mere addition to its
exterior surface; or, more briefly, that the front twenty of the
permanent succeed vertically to the deciduous teeth, the
increase in the size of the jaw in an adult being due to
additions at the back in the sitnation of the frue molars, and
to the surface.

Thus, if measurements he taken across between the inner
plates of the alveoli on either side at the points where they
are joined by the septa between the first and second deciduous
premolars, and at about the level of the genio-hyo-glossus
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tubereles, it will be found that the difference is slight, if any,
notwithstanding that in other dimensions there is a very great
difference between the jaws of a nine months fetus and of a
nine months child.

Again, if imaginary lines be stretched across between these
two points, and from their centre lines be drawn forwards to
the spine mentales in the same two jaws, these will be found
to differ but little in length in the two specimens.

But if, instead of measuring to the spine mentales, the

F1c. 123, —Diagram representing a jaw of a nine months foetus, superimposed
upon an adult jaw, to show in what directions increaze has taken place.

line had been carried further to the anterior alveolar plate,
a great difference would have been observable; in point of
fact, contemporaneously with the development of the erypts
of the permanent teeth inside them, the deciduous teeth and
their outer alveolar plates are slowly pushed outwards, a
process the results of which we see in the separation which
comes about between each one of the deciduous teeth prior
to their being shed, when the process of dentition is being
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
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results, which the author has endeavoured to roughly embody
in the accompanying figures.

In these it is shown that the inerease in the dimensions of
the jaw has taken place in two directions: by prolongation
backwards of its cornua concomitantly with the addition af
the back of the series of teeth of the true molars, which follow
one another at considerable intervals of time ; and by addifions |
to ifs exterior surface by which it is 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 ecanal is very different from that which lies above.
From the time of birth to that at which the deciduous teeth

FiG. 124.—Lower jaw of child. The horizontal line marks the level of the
inferior dental canal.

begin to be eut, 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 but far more intermittent
in their development.

Again, passing from the nine months fcetus to the seven years
old child, in whom the deciduous dentition is complete, the
framework of the jaw below the imaginary line has attained to
a depth almost equal to that which it is seen to have in an
adult ; in the adult again it corresponds pretty 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 during the passage from
the child’s to the adult’s form of the jaw.

In the lower jaw we may then take it as proven that the basal
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portion has little relation to the development of the teeth, but
that the alveolar, or upper portion, is in entire and absolufe
dependence upon them, a point to which reference will again
be made in speaking of the eruption of the teeth.

Adult.

F1aG. 125.—Lower jaw of an adult.

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

To a slight extent there is formation of bone going on af the
symphysis prior to complete anchylosis taking place. The

¥16. 126.—Lower jaw of an aged person, the dotted lines indicating the out-
line of the parts removed by absorption, as the jaw assumes the form
characteristic of advanced age.

share taken by this in inereasing the size of the jaw would,
however, appear to be but small after the termination of the
intra-uterine 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 exterior already

noticed,
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But the main inerease 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 also be
described as wasteful ; a very large amount of bone is formed
which is subsequently, at no distant date, again removed by
absorption ; or we might compare it to a modelling process,
in which thick, ecomparatively shapeless masses are dabbed on
to be trimmed and pared down into form.

To bring it more elearly 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
premolar, and all the teeth behind that wounld be buried in its
base ; there would be no “ neck ” beneath the condyle, but the
internal eblique line would be a thick bar corresponding in
width with the condyle. It 1s necessary to fully realise that
the articular surface with its ecartilage has successively
occupied every spot along this line; and as it progresses
backwards by the deposition of fresh bone 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 discern 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 would be turned
out of their course. We have thus a speedy removal of the
newly-formed bone, so that a concavity lies immediately on the
inner side of the condyle; and microscopic examination of
the bone at this point shows that the lacun® of Howship, those
characteristic evidences of absorption, abundantly cover its
surface, showing that here at least absorption is most actively
going on.

In the same way the coronoid process, beneath the base
of whieh the first, second, and third molars have successively
been formed, has moved backwards by absorption eutting
away its anterior, and by deposition adding to its posterior
surfaces.

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

It 18 worth while to add that the direction of growth in
young jaws is marked by a series of minufe ridges. In like

e U
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manner the characteristic marks of absorption are to be found
about the neck of the condyle, and the front of the coronoid
process, and those of active addifien about the posterior border,
so that the above statements rest upon a basis of observation,
and are not merely theoretical. Two cases of arrested develop-
ment of the jaw (*) 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 cannot,
in the opinion of the anthor, be held to be absolutely settled.
Although it is diffieult to form any definife conception of
interstifial growth in a tissue so dense and unyielding as bone,
the doefrines 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. Never-
theless, there can be no doubt that backward elongation, as teeth
are successively added, is sufficiently near the truth in fhe
case of human and most mammalian jaws for practical
purposes.

In the museum of the Royal College of Surgeons there is a
series of models of the same mouth from the age of four up to the
age of twenty-one which the author carefully examined (°), with
the result of fully confirming the conclusions arrived at in the
foregoing pages, and he further instituted a comparison with
the jaws of certain of the anthropoid apes.

In these latter the same conclusions as to the absence of
growth in the region occupied by the deciduous feeth do
not hold good, as during the change from the deciduous to
the permanent dentitions there is a large antero-posterior
elongation.

Buf this elongation fakes place almost entirely in the extent
of the intermaxillary bones and is much greater in the orang
and the gorilla than in the chimpanzee ; and this difference
appears to correspond with, amongst other things, the date of
the closure of the intermaxillary suture, which takes place much
earlier in the chimpanzee than in the other two genera of
anthropoid apes, and seems to bear a proportion fo the extent of
development of the canines.
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Thus a large part of the prognathism of these apesis due
to long-continued growth in the intermaxille, and it would be
very interesting to ascertain if the prognathism of the lower
races of mankind is also due to the obliteration of the suture
being deferred longer than in the European races; but unfor-
tunately, the material for this investigation does nof appear to
exist in this country.

It remains to notice the changes in form which the
ascending ramus and the angle of the jaw undergo. In
the fetus 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 the adult jaw by the course of the inferior dental canal,
takes a more upward direction; copious additions of bone
are 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 museular
energy, the bone about the angle wastes, so that once more the
ramus appears to meet the body at an obtuse angle. Buf all
the changes which mark an aged jaw are the simple results of
a superficial and not of an interstitial absorption, corresponding
with a wasting of the muscles, of the pterygoid plates of the
gphenoid bone, ete. :

Eruption of the Teeth.—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 denfine to their base; in fact, that their eruption is due
to the elongation of their roots.

Various very strong objections have been brought forward,
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 have no roots
—are often erupfed. Again, a tooth may have the whole
length of its roots completed, and yet remain buried in the jaw
through halfa lifetime, and then be erupted. Moreover, when
a healthy normal tooth is being erupted, the distance travelled
by its ecrown often greatly exceeds the amount of addition fo
its length which has gone on during the same period.

To turn to comparative anatomy, the tooth of a erocodile
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moves upwards, tooth-pulp and all, obviously impelled by
something different from mere elongation. The author’s
researches upon the development and succession of reptilian
teeth clearly show that a foree quite independent of increase
in their length alters the position and *‘erupts” successive
teeth.

It has been suggested by Constant (*) that the blood
pressure may be the impelling force, the pulp and tissues
beneath the tooth being more rich in their vascular supply
than those above it.

It seems very possible that the blood pressure keeping up
a state of general tension may operate to push a solid body
in any direction in which there i1s a diminished resistance,
to take up, so to speak, any unoccupied place; but it is
difficult to see how 1t could be efficient without some such
concomitant action of absorption. For the movement of an
erupting tooth is not always in the direction of its long axis ;
for instance, the developing tooth of the frog, the newt (Figs.
79 and 156), or of the crocodile takes an oblique course, by
which it travels underneath the old tooth, before moving
upwards into position.

Bat if its path be prepared by absorption of the structures
in its way, then it is very possible that the blood pressure,
keeping up a certain general tension, may tend to move it
along a track of diminishing resistance.

Some teeth of persistent growth, e.g., the lower incisors of
rodents, show a movement which eannot be aecounted for in
this manner. For, as is indicated by the nerve going to the open
base of the pulp being bent back on itself, the base of the tooth
has travelled backwards for a considerable distance, although
its apex is constantly moving forwards. Underwood suggests
that the cause may be the same as that which moves a shark’s
tooth, which apparently is the movement of the soft parts
in which it is imbedded. This would seem tantamount to
attributing its movements to changes in the alveolo-dental
periosteum, and the direction of the fibres in an erupting
crocodile tooth would lend some support to this idea, which,
however, by no means explains everything.

In man, towards the eighth month of childhood the bony
erypts which contain the temporary teeth in the front of the
mouth begin to be removed. At the back of the mouth the
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crypts still retain their inverted edges ; indeed, further develop-
ment of the erypts is still going on in this part of the mouth.

~ When a tooth is about to be ecut, very active absorption of
its bony surroundings goes on, particularly on the anterior
surface, the bone behind it being still required to form
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,

Fra. 127.—Jaws of a male nine months old, in which the eruption of the
teeth is Just commencing,.

and the bone rapidly develops so as to loosely embrace the
neck of the tooth.

Additions to the margin of the alveoli keep pace with
the gradual elongation of the roots of the teeth; as this is
a moderately rapid process, the alveolar portion of the jaw
increases in depth almost abraptly.

Buf it does not do so uniformly all over the mouth ; if it did
the teefh 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
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has been going on slowly, but without interruption. Thus is
brought about a condition of parts allowing the whole series
of teeth to come 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 variations are numerous ;
but the following may be taken as an approximation to the
truth :—

The lower first incisors are erupted at an age ranging from
six fo 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 second incisors 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 befween teeth already in
position. To this, as well as to the greater length of their root
(although it is not quite clear what this has to do with it),
Trousseau aseribes the great length of time which their
eruption occupies, it taking two or three months for its com-
pletion. Aeccording fo him, children suffer more severely from
constitutional disturbance during the cutting of these teeth
than of any other, but the late Dr. West thought that the
eruption of the first molars causes the most suffering. It
may also be noted that the canines during their development
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 erupfion of the milk teeth vary much, no
two authors giving them alike ; but the whole of the deciduous
teeth are usually cut by the completion of the second year.
Cases in whieh inecisors 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, so that it is

D.A. 16
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not until between the fourth and sixth years that the temporary
set of teeth can be called absolutely complete.

Af 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
oceupy a more anterior position, pushed forward, if may be,
by the great increase in size of the crypt of the permanent
teeth behind them. The general relation of these to the
temporary teeth may be gathered from the accompanying
figure, in which it will be noticed that the canines lie far above
and altogether out of the line of the other teeth, and that a

Fre, 128.—Normal well-formed jaws, from which the alveolar plate has
been in great part removed, so as to expose the developing permanent
teeth in their crypts in the jaw.

slicht degree of overlapping of the edges of the permanent
central and lateral incisors exists.

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

The first permanent molars are erupted in a manner closely
similar to that deseribed as oceurring with fhe temporary
teeth; that is to say, their bony erypts become widely opened
out by absorption, the erown passes out, and the new bone 18
rapidly formed which loosely embraces the neck, prior to any
considerable length of root being formed.

Last, then, follows the absorption of the root of the tem-



THE DEVELOPMENT OF THE JAWS. 243

porary teeth, a matter first aceurately investigated by Sir John
Tomes. The root, at or near to its end, becomes excavated by
shallow cup-shaped depressions; these deepen, coalesce, and
thus gradually the whole is removed. Although absorption
usually commences on that side of the root which is nearest to
the suceessional tooth, it by no means invariably does so; it
may be, and often is, attacked on the opposite side, and in
many places at once.

Fra, 129.—Jaws of a six-year old child. In the upper jaw complete sockets
are secn where the temporary incisors have been shed,

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

16—2
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independent of pressure. The varying position of the excava-
tion has already been noticed, and it may be added that in
many lower animals, for example, the frog or the ecrocodile,
the growing tooth-sae passes bodily into the excavation made
before it in the base of the preceding tooth, while if pressure
had had any share in the matter the cells of its enamel-organs,
ete., must have inevitably been crushed and destroyed.

Again, when the absorption and shedding of the first teeth
have taken place early, before their successors are ready to
appear, perfect hittle sockets are formed behind the lost
temporary teeth (I'ig. 129), eutting them off from the per-
manent 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 upon
the approach of a displacing tooth. Closely applied to the
excavation produced by absorption is a mass of very vascular
sott tissue, the so-called ““absorbent-organ.” The surface of this
is ecomposed of very large, peculiar-looking cells, bearing some
little resemblance to those known as “myeloid eells,” or the
“ siant cells ” of recent authors. Microscopic examination of
the excavated surface shows it to be covered with small hemi-
spherical indentations, the “lacunz of Howship,” into each of
which one of the giant cells was fitted, and in which they may
sometimes be seen in situ.

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 amebiform processes, others that they secrete
an acid fluid, but nothing very definite is known. A curious
parallel is afforded by the manner by which a fungus can
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 ; probably by the agency of the absorbent cells them-
selves, which are capable of being caleified in the excavations
they have individually made.

These alternations of absorption and deposition, so common
a result of inflammations of the pulp or of the alveolo-dental
periosteum as to be diagnostic of the former occurrence of

33
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these maladies, often occur during the normal process of the
removal of the deciduous teeth, and result in the deposition
of a tissue not unlike cementum in excavations made in the
dentine, or even in the enamel.

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

Henee it is that the slightest force will suffice to determine
the direction assumed by the rising crown: a fragment of a
root of a temporary tooth, the action of the lips and tongue,
ete., are all potent agencies in modifying the arrangement of
the teeth. |

The tfemporary teeth stand wvertically, the permanent
teeth in front of the mouth obliquely, thus opening a
space between the first incisors and the first premolar for
the canine, which during development was above or below
the line altogether. And, inasmuch as the ecrowns of the
teeth are on the whole much larger than their necks, it
would be manifestly impossible for them all to come down
simultaneously.

The permanent teeth usuvally make their appearance in
the following order:—First permanent molars, about the
aleventh year; a little later, the lower first inecisors, upper
first and second incisors, the first premolars, the canines, the
second premolars, the second permanent molars the third
permanent molars.

The period of eruption is variable. From a comparison of
several tables, the prineipal discrepancies are seen to relate to
the date of the appearance of the canines and the second
premolars. The canine would certainly appear to belong to
the eleventh and twelfth years; but some authors consider
that the second premolar is usually cut earlier, others later
than this dafe.

We may now revert to the phenomena observed in the
alveolar processes, They were first built up as erypts 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 rebuilt about their necks
to form their sockets. :
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Once more, at the fall of the deciduous teeth, the alveoli are
swept away, the crypts of the permanent teeth are widely
opened, and the permanent come down through the gaping
orifices.

When they have done so, the bone is re-formed 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 oceupy the whole depth of the
sockets, and reach respectively nearly to the floor of the

F1a. 130.—From a child aged fourteen. The specimen well exemplifies the
fact that the height of the alveolar edge corresponds exactly to the posi-
tion of the 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,

antrum  and inferior dental eanal. No growth, therefore
can possibly take place in these directions; the utmost
available depth has already been reached, and as the roots
lengthen the sockets must be deepened by addifions to their
free edges.

It is impossible to insist too strongly upon this faet, 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,
buf the socket is subservient to the position of the tooth ;
wherever the tooth may chance to get there its socket will
be built up round it.
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Upon the proper appreeiation 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 or nothing fo do with the
disposition of the teeth.

Hence 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 edges of the sockets corresponding to
the necks of the teeth, whether they have attained to their
ultimate level, or have been but just cut.

And when femporary teeth have been retained for a longer
period than is natural, they sometimes become elevated 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 this is the case the
alveoli are developed round them, and come to oceupy with
their tooth a higher level than before.

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 regula-
tion cases; it remains to say a few words as to the forces
which determine the position of the teeth.

Inasmuch as when a tooth leaves its bony crypt, the hone
does nof 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 foree, constantly operating, is sufficient
to materially alter the position of the tooth, even when it has
attained to its full length.

Along the outside of the alveolar arch the muscular lips are
exercising a very symmetrical and even pressure upon the
erowns of the teeth ; so also the tongue, with equal symmetry,
is pushing them outwards: between the two forces, the lips
and the tongue, the teeth naturally become moulded into a
symmetrical arch.

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 perfeet correspondence and
antagonism ; 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 themselves in position.
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CHAPTER VIIIL.
THE ATTACHMENT OF TEETH.

Avraovan the various methods by which teeth are fixed in
their position upon the bones which carry them pass by grada-
tional forms into one another, so that a simple and at the
same time absolutely correet classification is impossible, yet
for the purposes of deseription four prineipal methods may
be enumerated, namely, attachment by means of fibrous
membrane, by a hinge, by anchylosis, and by implantation in
bony sockets.

Attachment by means of Fibrous Membrane.—An
excellent illustration of this method of attachment is afforded
by the sharks and rays, in which the teeth have no direct
connection with the eartilaginous, more or less caleified jaws,
but are embedded solely in the tough fibrous 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 it, and come to oceupy the topmost position (ef. deserip-
tion of the dentition of the sharks). That the whole fibrous
gum, with its attached teeth, does really so slide over the sur-
face of the jaw was accidentally demonstrated by the result of
an 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 sub-mucous membrane which furnished the dentine-papillze.
The gradual assumption of a tough fibrillated structure by
that portion of the membrane which is econtiguous fo the base
of the dentine-papilla may be traced (no such fibrous tissue
being found at the base of young papille), very dense bands
being attached to the bases of the completely calcified teeth.

A large number of fish have their teeth attached to shorf
pedestals of bone by means of a sort of annular ligament,
which allows of a slight degree of mobility. This would seem
to be the case in many of those whose teeth have been
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generally supposed to be anchylosed, such as the Sargus
(Fig. 106) and perhaps the Eel (ef. Fig. 108 and Fig. 135),
although in the completed tooth the joint is so close that
mere inspeetion of the developing tooth gives a hint as to
the true nature of the attachment.

By the limitation of this ligament to one side, where it is
greatly strengthened, we pass by easy transitions to those
more specialised arrangements characteristic of hinged teeth.

Attachment by an Elastic Hinge.—The possession of
movable teeth, able to yield to pressure, and subsequently
to resume the upright position, was formerly supposed to be
confined to Lophius (the Angler-fish) and its immediate allies.
The author has, however, found hinges in the common Pike
(Ksox), and in some of the Gadide (Cod tribe), as well as in
certain other predatory fish ; so that, as they oceur in these fish
g0 widely removed from one another in other respects, it is
probable that further investigation will bring, and, indeed, is
bringing, to light many other examples of this very peculiar
method of attachment, eminently suited to, and hitherto only
discovered in, fish of predatory habits.

In the Angler, which obtains its food by lying in ambush
on the bottom to which it is closely assimilated in colour,
many of the largest teeth are so hinged that they readily allow
an object to pass into the mouth, but, rebounding again,
oppose its egress. These teeth are held in position by dense
fibrous ligaments radiating from the inner side of their bases
on to the subjacent bone, while the fronts of the bases of the
teeth are free and, when the teeth are pressed towards the
throat, rise away from the bone. The elasticity of the liga-
ment is such that when it has been compressed by the tooth
bending over towards it, it returns the tooth instantly into
position with a snap. Many of the teeth of the Angler are,
like most fishes’ teeth, anchylosed firmly.

Amongst the very peculiar predatory fish which were
obtained by the Challenger from great depths, and which have
been deseribed by Dr. Gunther, through whose kindness the
author has had the opportunity of examining them, are several
which possess hinged teeth. Thus in Bathysawrus feroxr, which
has a erocodile-like snout, the teeth are of no very great size,
but they are attached by ligamentous hinges which allow of
their being bent backwards and inwards. The teeth are not
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perched upon any definite pedestals, so that the motion is not
very exactly limited to ome plane. But in Odontostomus
hyalinus there are some more highly specialised hinged feeth,
which are laterally compressed, and have a sort of barbed
point which recalls the form of some primitive bone fish-hooks.
The vomer carries two such teeth of great length, behind
which come some smaller ones. They are perched upon little
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Fra. 181.—Hinged tooth of Odonfostomus, a predatory fish from great
depths. «. Enamel penetrated by dentinal tubes. . Dentine.

bony pedestals of such form that, the attachment being made
by means of an elastic ligament on one side, the motion per-
mitted to the tooth is strictly confined to one plane.

The Hake (Merlucius, one of the Gadide) possesses two rows
of teeth, the outer and shorter of which are anchylosed, while
the inner and longer are hinged.

In some respects these hinged teeth are more highly special-
ised than those of the Angler, which they resemble in being
attached by an elastic hinge on their inner sides, the elasticity
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of which is brought into play by its being ecompressed, or, at
all events, bent over upon itself.

The hinge in the Hake is peculiar in structure, and does not,
as in the Angler, eonsist of fibrous tissne. On the inner side
of the tooth the formation of what is apparently denmtine
matrix goes on so that a thin edge is continued right down to

Fi6. 132.—Hinged tooth of hake (Merlucius). a. Vaso-dentine. & Puip.
e, Elastic hinge. J. Buttress of bone to receive f. formed out of
bone of attachment. e. Bonme of jaw. . Thickened base of tooth.
4. Enamel tip.

the bone, which it joins just as though the tooth were going to
be anchylosed there. But though matrix is formed, it is nof
calcified, and so the tooth is united to the bone on the side by
a thin piece of flexible matrix. When seen in section this is
found to be divided in the middle by a space which stops short
of reaching either the top or the bottom of the flexible portion,
and in this space are seen sharply-bordered fibres which
resemble elastic tissue in appearance. Possibly this space and
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its contents serve to increase the elasticity of the hinge. Of
course in a decaleified section this portion looks and stains
exactly like the rest of the matrix which was ealeified, except
that it does not contain vaseular canals. These, however, are
continued down to a lower level on the inside than on the
outside of the space, and probably calcification also had
advanced to a lower level here, as a dried tooth ends in a thin
edge in this situation.

The pulp is highly vascular, and its vessels are so arranged
that, by entering the pulp through a hole in the flexible
portion, which is near the axis of motion, they escape being
stretched or torn during the movements of the tooth. The
free edge of the base of the tooth itself is modified so as to
be particularly fitted for resisting the jars to which a movable
tooth must at times be exposed, and so also is the pedestal of
bone upon which it strikes.

As is seen in the figure, the base of the tooth on the side
opposite to the hinge, is thickened and rounded. The advan-
tages which such a form must possess over a thin edge when
striking against the bone is sufficiently obvious. This thickened
edge is received upon a little buttress of bone, and it oceupies
a much higher level than the opposite thin edge to which the
hinge i8 atfached, so that the tooth eannot possibly be bent
outwards without actual rupture of the ligament.

And what is not a little remarkable is that, whilst the Halke,
the most predatory of all the Gadide, i1s possessed of these
very perfectly hinged teeth, other members of the family have
teeth movable in a less degree, and others again have teeth
rigidly fixed. Indeed, the Hake itself has its outer row of
teeth anchylosed. So that within the limits of a single family
we have several steps in a gradual progression towards a very
highly specialised organ.

In the hinged teeth already alluded to the purpose served by
their mobility seems to be the catching of active fish, and the
elasticity resides solely in the hinges; but the common Pike
possesses many hinged teeth which seem to be more concerned
in the swallowing of the prey after it has been caught, and
there is no elasticity in the hinges, the resilience of the teeth
being provided for in another way.

The teeth which surround the margins of the jaws are
anchylosed, and they are more or less solidly filled up in their
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interior with a development of osteo-dentine, which, by becom-
ing continuous with the subjacent bone, cements them to it.
The manner of development of this is by rods of ealeifying
material shooting down through the central pulp (see p. 201).
In the hinged teeth also these trabecul® shoot downwards and
become continuous with the subjacent bone, but instead of

F1a. 133.—Hinged tooth of Pike. a. Dentine. J. Elastic rods formed of
uncaleified trabecul:: which might have become bone. ¢. Hinge, not
itself elastic. «. Bone of attachment. e. Bone of body of jaw.

rigidly ossifying they remain soft and elastie, so that the tooth
18 like an extinguisher fastened down by a large number of
elastic strings attached to different points on its inferior, and
hinged at one side. '

The elasticity is very perfect. The teeth depressed and
suddenly released return with an audible snap. The elasticity
resides solely in these strings, for if they be divided by ecare-
fully slipping a cataract needle under the tooth without injur-
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ing the hinge, the tooth will stay in any position into which it
is placed.

The method in which the resilience of these teeth is ufilised
will be deseribed subsequently, under the heading ““ The Teeth
of Fishes.”

Thus we have examples of hinged teeth occurring in several
distinet orders of fish: in Acanthopterygii (Lophius), in
Anacanthini (Merlucius), in Physostomi (Fsox, Bathysaurus,
Odontostomus), whilst on the other hand they are not universal
even within the limits of well defined families.

Hence it is noteworthy (i.) that hinged teeth have arisen
independently in families of fish widely removed from one
another, and (ii.) that, whilst the general object of mobility
and elastic resiliency is attained in all, it is by different
mechanisms, and apparently by the least modification possible
of the existing fixed teeth of the family.

Attachment by Anchylosis.—In both the socketed and
the membranous methods of attachment, an organised, more
or less vaseular, membrane intervenes between the tooth and
the jaw-bone. Inthe modeof attachment now under considera-
tion 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 disecern with the naked eye the line of
junetion.

The teeth may be only slightly held, so that they break off
under the application of but 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.

A very perfect example of attachment by anchylosis is
afforded by the fixed teeth of the Pike, of which the central
core 18 composed of osteo-dentine. The method by which the
entire fusion of this tissue with the bone beneath it takes
place has already been alluded to, the similarity of its method of
caleification with that of bone rendering the fusion easy and
complete.

From the accounts which pass current in most books it
would be supposed that the process of attachment by anchylosis
1s a very simple matter, the base of the dentine papilla or the
dental eapsule, by its calcification ecementing the tooth on to &
surface of the jaw-bone already formed. In a few animals
(examined), however, the author has found that this con-
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ception 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 previously. The union takes place through the medium
of a portion of bone (which may be large or small in amount)
specially developed to give attachment to that one particular
tooth, and after the fall of that tooth is itself removed.

For this bone the author proposed the name of * bone of
attachment,” and it is strictly analogous to the sockets of

F1a. 134.—Bection of tooth and a portion of the jaw of a Python, showing
the marked difference in character between the bhone of attachment
and the rest of the bone,

those teeth which have sockets. It is well exemplified in the
Ophidia, a deseription of the fixation of the teeth of which
will serve to eonvey a good idea of its general character. If
the base of one of the teeth with the subjacent jaw-bone, be
submitted to mierosecopical examination it will be found that
the layer of bone which elosely embraces the footh contrasts
markedly with the rest of the bone. The latter is fine in
texture, its lacunse with their very numerous fine eanaliculi,
very regular, and the lamination obviously referable to the
general surface of the bone. But the “bone of attachment ™
is very coarse in texture, full of irregular spaces very
different from the regular lacunw, and its laminafion 1is
roughly parallel with the base of the tooth. The dentine of
the base of the tooth also bends inwards (Fig. 134), and its
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tubes are lost in the osseous tissue, a blending so intimate
resulting, that in grinding down sections the tooth, and the
bone of attachmeiif often come away together, the tooth and
this bone being more intimately united than this special bone
is with that of the rest of the jaw.

A study of its development also proves that it has an
intimate relation with the tooth with whieh it is continuous,
for it is wholly removed with the fall of the tooth, and is
again formed 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 bone
substance, and the tooth capsule, by its ossification, apparently
contributes little.

Hertwig has thrown out the suggestion that parts of the
tooth sockets and of the basal plates met with in fish and
reptiles represent the cementum, and that it may even be that
the bones surrounding the mouth have originated from the
coalescence of such plates; but this view does not commend
itself to the anthor.

In the frog the teeth are commonly deseribed as being
attached by their bases and outer surfaces to a continuous
groove, of which the external wall is the higher. Such is,
however, an inadequate description of the condition, the tooth
ag seen in section being attached on ils outer side by a new
development of bhone, which extends for a short distance up
over its external surface. For the support of its inner wall
there springs up from the subjacent bone an osseous pillar,
which is entirely removed when that tooth falls, a new pillar
being developed for the next tooth.

When the teeth are, as in many fish, implanted upon what fo
the naked eye appears to be nothing more than a plane surface
of bone, a microscopical examination generally, in fact in all
specimens examined by the author, reveals either, that the
individual teeth 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
oceupied with a less regular calcified structure.

A good example of the latter method is afforded by the
Eel (Fig. 185), in which each tooth surmounts a short hollow
cylinder of bone, the lamination, ete., of which differs markedly

D.A. 17
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from that of the body of the jaw-bone. When the tooth
which it carries 18 shed, the bhone of attachment, in this case
a hollow eylinder, is 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 teeth in position. Under a higher magnifying power
the bone at this point would be found to be excavated by
“ Howship’s lacun®.” As an anchylosis, the implantation of
the teeth is less perfect than that of the teeth of the snake,
for the dentinal tubes at the base of the tooth are not 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. Indeed, the actual attachment may perhaps

16, 135.—From lower jaw of an eel. «. Bone of jaw. & Bone of attach-
ment. o. Dentine. f. Enamel. g. Space vacated by a shed tooth.

be of a fibrous nature, although a bone of attachment pedestal
is formed.

Another instance of the formation of a kind of pedestal,
which in this instance is sunk within the substance of the
surrounding bone, i1s found in Sargus (¥Fig. 106). Here the
attachment of the working tooth to the subjacent porfion is
by means of fibrous tissue (Fig. 108), though the submerged
portion appears in this case to be made by the tooth pulp
itself.

A transition towards a socketed type of implantation is
seen in some of the Cod family. Thus in the Haddock the
teeth surmount a hollow eylindrical * bone of attachment,”
resembling in many particulars those of the Eel. The teeth
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do not, however, simply surmount the bony eylinders, but
are continued for a short distance within them, definite
shoulders being formed which rest on the rims of the cylinder.
The base of the tooth does not, however, contract or taper
any more, and is widely open, so that it cannot be considered
that any close approximation to a root is made. The pulp
eavity of the tooth beecomes continuous with the cavity of the
osseous cylinder, into which the pulp is for a short distance
continued. Not only is the pulp continued down, but its
odontoblast layer is here traceable, and this relation of parts
recalls that seen in Sargus. (CE Iig. 107, p. 201.)

The bony supports of the teeth originate in many osseous

IFig. 136.—From lower jaw of a haddock. a. Bone of jaw. &. Bone of
altachment. . Dentine of tooth.

trabecul® which spring up simultaneously from the bone
of the jaw beneath the new tooth; these coalesce fo form a
net-like skeleton, which rapidly becomes filled in by the
progress of ossification. So far as the author’s researches
enable him to conclude, there is this mueh in common in all
forms of attachment by anchylosis, that no maftter 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, more or less directly an outgrowth
from the jaw-bone itself, and which is in some unseen manner
stimulated into activity by the proximity of the tooth.

The teeth of the mackerel present an interesting variety
of attachment by anchylosis. The margins of the jaws are
very thin, and by no means fleshy, and in them there is a
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deep groove between the outer and inner plates of the bone.
In this groove the teeth are attached, their sharp points
projecting beyond the edges of the bone, and they are held
in their places by a network or seaffolding of “ bone of attach-
ment " which is developed between their sides and the inner
surface of the bone. They are, so to speak, hung up in
their place, and their open bases rest on nothing, or at least
on nothing hard.

Attachment by Implantation in a Socket.—In this,

as in anchylosis, there is a special development of bone

Fia. 137.—Tooth of mackerel, showing its peculiar mode of anchylosis.
@. Tooth. &. Bone of jaw. e. Gums. 4. Bone of attachment.

which is modelled to the base of the tooth, buf, instead of
its being in actual close continuity with the dental tissues,
there intervenes a vaseular organised membrane in great
part, at all events, derived from the tooth-sac. The manner
in which the sockets ave, so to speak, plastered around the
roots of the teeth and are perfectly subservient fo and
dependent on them, has already been described. Liftle,
therefore, need be added here, save that the soft tissue
intervening between the bone and the tooth is not separable,
either anatomically or developmentally, into any two layers,
but is a single membrane termed the “ alveolo-dental peri-
ogteum.” That it is single when completed is a matter of
abgolute certainty; there is no difficuliy in demonstrating
it in situ, with vessels and bundles of fibres traversing its
whole thickness, from the tooth to the bone, or vice versd.
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The nature and development of the sockets in those
few reptiles and fishes which have socketed teeth require
further examination. Irom what has been seen in sections of
the jaws of a young crocodile, the author is inclined to regard
them as in all respects similar to the alveoli of mammalian
teeth. At all events, they are not developed in that same
subserviency to each individual tooth; on the contrary,
successive teeth come up and oceupy a socket which is more
or less 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 the socket, few examples of anchylosis
oceurring between the tooth and the bone of the socket have
ever been met with in man, or indeed in any mammal
exemplifying a typical socketed implantation of the teeth.
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PART II.

CHAPTER IX.
GENERAL INTRODUCTORY REMARKS.

Berore proceeding to the deseription of the teeth of
Fishes, Reptiles, Mammals, of which it is only possible to
give the barest outline, it seems desirable, at the risk of
some recapitulation, to devote a few pages to those general
prineiples which underlie and render inferesting and
intelligible, the details with which we shall be coneerned.

Before the day of Darwin it was cusfomary to explain
those resemblances and points of identity which the study
of comparative anatomy and of development revealed upon
the supposition that there was some sort of type or standard
organisation and that all others were arrived at by modifi-
cations and departures from this type, such modifications
being introduced with a direct purpose in view, in order fo
fit the ereature to a special habit of life,

This * type " theory suggested a clue to the explanation for
the possession by an animal of some highly specialised organ
which detailed comparative study reveals as but the homologue
of some simpler structure present in allied animals; and like-
wise to the reduction or suppression of an organ in one
animal, which is of ordinary size and functional activity in its
congeners.

This is as true of teeth as of any ofher organ; indeed, they
afford many admirable examples.

Thus the tusks of the boar or of the Sus babirussa (figured
on p. 513), large and peculiar though they be, are not
new developments, but are merely the eanine teeth which all
pigs possess, and which in this species attain fo unusual
dimensions. In the same way the enormous straight tusk of
the male Narwal is nothing more than an incisor tooth of one
side, the fellow to which has been checked in its development ;
but this latter is not missing, for it remains throughout the
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life of the animal buried within its socket. In the female
Narwal both of the teeth, being rudimentary, are permanently
enclosed within the sockets, and are, of course, not of the
smallest service to the animal, directly or indirectly. Further-
more, as has been shown by Professor Sir W. Turner, in young
specimens, a second pair of vestigial incisors are to be found
which in the adults have disappeared.

The modern school of morphologists, rejecting the “ arche-
type” theory, refer these correspondences detected between
dentitions, upon the whole dissimilar to one another, to a more
intelligible cause, namely, inheritance. Assuming, as every
evidence compels us to assume, that the many divergent
forms which we observe have been derived by progressive
modifications and differentiations from fewer and simpler
ancesfral forms, we shall have no difficulty in seeing how,
by such processes as are well known to occur, namely, the
dwindling of disused organs and the exaggerated development
of those which are of considerable use, great differences may
ultimately result.

To illustrate what is meant by this so-called “adaptive
modification,” this suppression of things that are not needed,
and increased development of those most used, we may
allude to the dentitions of non-venomous and venomous
snakes (p. 316).

In them we see that the typical dentition in the sunale,
as exemplified by the Pythons, consisted of three complete
rows of teeth, two in the upper jaw, one of which occupied the
maxilla, and one in the lower. Then in the Colubrine
Opisthoglypha some of the maxillary teeth become enlarged
and grooved, while the snakes are only doubtfully poisonous ;
then, further, in the Proteroglypha the front teeth of the
maxilla become grooved and enlarged to form the poison fang,
the complete row of maxillary teeth becoming reduced fo a few
small teeth behind it, the maxilla itself undergoing reduction
in an antero-posterior direction.

Finally, in the Vipers the poison fang is enormously
developed, the rest of the maxillary teeth are lost, and the
maxilla so shortened as to be almost square, and coinecidently
acquiring the power of movement of rotation