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THE BUCCAL ORIFICE 5

this muscle is an elevator of the upper lip and the wing of the nose. It
1s one of the superficial facial muscles, is thin and triangular, and is

located by the side of the nose, extending from the infra-orbital ridge to
the upper lip.
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FiG. 2.—The superficial muscles of the head and neck. (Morris.)

Origin.—From the nasal process of the maxilla near its orbital
margin.

I'nseriion.—From its origin it passes almost directly downward,
dividing into two portions, the smaller of which is inserted into the
nasal wing, while the larger portion is prolonged downward, blending















10 ANATOMY A

facial and buccal nerves, also a layer of deep fascia continuous with
that which covers the upper part of the pharynx. By itsdeep surface
it is in relation with the mucous membrane and buccal glands.
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F16. 3.—The deeper muscles of the face and neck. (Morris.)

Action—To draw outward or backward the angles of the mouth,
thus enlarging the buccal orifice and pressing the lips tightly against
the teeth; to force the food between the occlusal surfaces of the molar
and bicuspid teeth during mastication; to diminish the concavity of the
cheek, compressing the air contained therein and forcing it forward. It
becomes an auxiliary in deglutition by shortening the cavity of the



























THE INTERIOR OF THE MOUTH 10

Nerves of the Hard Palate.—The nerves of the hard palate are the
anterior or large palatal and branches from the nasopalatal, both of
which are branches of the sphenopalatal (Meckel's) ganglion. The
anterior palatal nerve arises from the inferior angle of the ganglion,
passes downward, accompanied by the descending palatal artery,
through the posterior palatal canal, from which it emerges at the poste-
rior palatal foramen. From this point it passes forward in a groove of
the hard palate, and joins the nasopalatal nerve as it emerges from the
anterior palatal foramen. Accompanying this nerve in its course

F1G. 6.—The hard palate, or roof of the mouth, with its membranous covering removed.

through the posterior palatal canal are other branches of the spheno-
palatal ganglion, which pass to the soft palate, and will be described
in that connection. The nerves of the hard palate are all sensory
in function, and filaments are distributed to the mucous membrane
and glands and to the palatal portion of the gums.

THE SOFT PALATE (Figs. 6 and 7)

The soft palate is attached to the posterior border of the hard
palate, from which it is continued as a backward prolongation of its
soft tissue. Hanging downward, with its free borders inclining back-
ward, it may be considered as forming a part of the posterior boundary
of the mouth. It partially separates the mouth from the nasal cavity












THE INTERIOR OF THE MOUTH 23

and inferior or descending palatal veins, both of which closely follow the
course of the arteries of the same name.

Nerves of the Soft Palate.—The small, or posterior, palatal, the
external palatal (both of which are branches of Meckel’s ganglion),

FiG. 7.—The inferior portion or floor of the mouth.

branches of the glossopharyngeal nerve, and the following nerves which
supply the various muscles: filaments from the pharyngeal plexus to the
palatoglossus and palatopharyngeus, branches of the Vidian to the
levator palati and azygos uvulle, and from the mandibular division of
the fifth nerve to the tensor palati.®

THE INFERIOR PORTION OR FLOOR OF THE MOUTH (Fig. 7)

This half of the cavity of the mouth contains the fengue and its

attached muscles, the sixteen lower teeth firmly implanted in the bone
* A description of the upper teeth will be found in another chapter,



24 ANATOMY

and the gums covering the alveolar walls. The base or osseous frame-
work about which this portion of the mouth is constructed is principally
made up of a single bone, the mandible, or lower jaw bone (see Bones
of the Mouth, p. 37). The hyoid bone, situated between the angles of
the mandible in the upper part of the neck, and at the base of the

tongue, giving attachment to many of the muscles about the floor of
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Fic. 8.—Superior aperture of larynx. (Deaver.)
the mouth, may also be considered in this connection. The floor of the
mouth is bounded anteriorly by the lower lip, laterally by the cheeks,
and below by the muscles attached to the external and internal oblique
lines of the mandible and to the under surface of the tongue.

THE TONGUE (Lingua) (Fig. 8)

The tongue is a freely movable, highly sensitive, muscular organ.
It assists in the function of articulate speech, participating, also, in















THE INTERIOR OF THE MOUTH 20

and the tongue. Itis a triangular-shaped muscle, narrow and pointed
at its attachment to the mandible, and broad and fan-shaped on
approaching the tongue. Being near the median line, it is separated
from its fellow of the opposite side by a thin layer of connective tissue,
the septum of the tongue.

Origin.—It arises by a short tendon from the upper genial tubercle
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Fic. 11.—Transverse section of one-half of tongue. (Deaver.)

of the lower jaw, from which point its fleshy fibers diverge fan-like to its
extensive insertion.

I'nsertion—To the whole length of the tongue from base to apex
immediately external to the median line, into the body of the hyoid
bone, and by a few fibers into the side of the pharynx.

Relations—By its inner surface, with the septum of the tongue and
its fellow of the opposite side; by its outer surface, with the hyoglossus,






























MAXILLARY BONES 39

ridge gives origin to one of the depressor muscles of the upper lip, and
also to one of the depressor muscles of the wing of the nose. The in-
cisive or myriiform fossa is a depression found between the canine
eminence and the inner margin of the bone. The depth of this fossa is
in a measure controlled by the position and size of the teeth, and by the
amount of prominence in the canine eminence.

The infra-orbilal foramen, which transmits the infra-orbital nerves
and blood-vessels, is immediately below the center of the infra-orbital
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FiG. 14—Left superior maxilla, outer or facial surface.

ridge, and near the upper margin of the canine fossa. Itis oval in form,
and faces almost directly toward the median line. Between this fora-
men and the infra-orbital ridge is the point of origin for the principal
elevator muscle of the upper lip, the levator labii superioris proprius.
The whole extent of the facial surface may present a number of vertical
ridges, or the same space may be regular and smooth, the condition
being controlled by the size and shape of the tooth-roots and the thick-
ness of the bone overlying them. One of the elevator muscles of the
angle of the mouth, the levator anguli oris, is attached to this surface
near the upper border of the canine fossa.
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The Proximal or Nasal Surface (Fig. 15).—Above, this surface
presents a large, irregular opening into the maxillary sinus, this open-
ing being almost completely closed in the articulated skull by neigh-
boring bones. In front of the opening into the sinus, and standing
perpendicular from the body of the bone, is the strong ascending plate
of the nasal process, marked near its lower extremity by a rough,
horizontal ridge, the inferior turbinated crest, which gives attachment
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FiG. 15.—Left maxilla, internal, proximal, or nasal surface.

to the inferior turbinated bone. The smooth, concave surface
immediately above this ridge corresponds to the middle meatus of the
nose, and forms the external wall of that passage. Below the opening
into the sinus and the nasal process, and occupying the anterior two-
thirds of the middle of this surface, is a large semicircular space,
forming the outer wall of the inferior meatus of the nose. Below this
space, and projecting inward from the body of the bone, is the palaial
process, which articulates with the corresponding process of the oppo-
























43 ANATOMY

nucleus forms the greater portion of the body of the true maxilla and
the nasal process. The malar center gives origin to the malar process,
and all that portion external to the infra-orbital groove. The pre-
palatine center gives rise to the nasal surface of the bone and that
portion of the palatal process posterior to Stenson’s canal.

Development of the Alveolar Process—This process is represented at
birth by the walls of a deep groove, in which are lodged the partly calci-
fied, deciduous teeth and the germs of most of the permanent teeth
(see Development of the Teeth).
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Fi1G. 16,—Left maxilla, about the third year, enlarged.

The growth of the process continues with the growth of the teeth
until, finally, at about the seventh month after birth, the dental organs
are completely encased within its walls. With the decalcification of the
roots of the deciduous teeth comes the loss of the process surrounding
them, and, as the permanent teeth advance to take their place in the
arch, the process is again built up about their roots.

The Maxillary Sinus, or Antrum of Highmore* (Fig. 15)—This
is a cavity situated within the body of the maxilla. Its general shape
is that of a pyramid, with its base directed toward the median line,

* Described separately, in preference to including in general description of the bone.





















THE MANDIBLE 55

corresponding to the position of the cuspid tooth, is an oblong depres-
sion for the origin of the depressor muscle of the lower lip—depressor
labii inferioris.

The External Obligue Line—Extending obliquely across the facial
surface from the mental process to the base of the vertical portion of the
bone, and continuous with its anterior margin, is a well-defined ridge—

Fic. 19.—The mandible. Right side, external or facial surface. a. sigmoid notch;
b. coronoid process: ¢, condyle; d, neck of condyle; ¢, ramus; f, external oblique line;
g, angle h, mental foramen; 7, mental protuberance; 7, body.

the external oblique line. Near the center of this ridge, or below the
position occupied by the bicuspid and first molar, is the point of attach-
ment of the depressor muscle of the angle of the mouth—the depressor
anguli oris. Somewhat anterior to and above this point is the origin of
the depressor muscle of the lower lip—the depressor labii inferioris.
Between the line of origin of the depressor anguli oris and the inferior
border of the bone is a roughened surface for the attachment of the
platysma myoides muscle. This roughened surface divides the body
of the bone into an upper and a lower portion. That portion above is
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lingual fossa. One of the salivary glands—the sublingual—is partially
imbedded in this fossa.

The Digastric Fossa.—Below, the mylohyoid ridge, and near the
median line, is a slight depression—the digastric fossa—which affords
attachment for the digastric muscle.

The Submaxiliary Fossa—1In the center of the internal surface, ex-
tending from before backward, between the mylohyoid ridge and the

F1G. 20.—The mandible. Right side, internal surface. a, Coronoid process; "',” gig-
moid notch; ¢, cancellated tissue; d, condyle: ¢, ramus; f, inférior dental or mandibular
foramen; g, angle; k, body; i, internal oblique ling.

lower border of the bone, is an oblong depression—the submaxillary
fossa. In this fossa rests another of the salivary glands—the maxillary.

The Superior or Alveolar Border.—This border extends from the
junction of the body, with the vertical plate on one side, to the corre-
sponding point on the other. The construction of this border is similar
to the alveolar border of the maxille. At the anterior portion it is
narrow, but gradually increases in width as it proceeds backward—
in some instances following the line of the body of the bone;in others,
nclining inward, or to the lingual. Each lateral half is marked by eight












THE MANDIBLE 61

tion are principally named according to their position. The early
preparation for the development of the bone is found in the appearance
of what is known as the mandibular plates, which are thrown out from
the sides of the cranial base, and finally unite at the median line.
Not long after this period a cartilaginous band—Meckel’s cartilage—
is developed in the substance of the mandibular plates, and it is about
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Adult
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FiG. 21.—Chart showing the evolution and degeneracy of the mandible.

this cartilaginous framework that ossification first takes place. The
various centers are distributed along the line of Meckel’s cartilage,
and are named as follows: Mental, dentinary, coronoid, condyloid,
angular, and splenic. The mental center provides for the development
of that portion of the bone between the median line and the mental
foramen. The dentinary center forms the lower border and outer









CHAPTER IV
The Temporomandibular Articulation—The Muscles of Mastication
TEMPOROMANDIBULAR ARTICULATION

Although external to the cavity of the mouth, this articulation is so
closely associated with the function of the teeth that it seems important
that a brief description of its construction and action should be given.
It receives its name from the two bones which enter into its formation—
the temporal and the mandible.
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Fic. 22 —Temporomandibular artieulation.

This joint is the seat of motion in the mandible, and entering into its
construction are bones, ligaments, cartilage, and synovial membrane,
these being the tissues essential to all diarthroidal or movable articula-
tions. The various movable joints of the body are classified according
to the nature of the movement, and correspond to the mechanical
actions known as hinge joint, ball-and-socket joint, gliding joint, pulley
joint, etc. The temporomandibular joint is of the diarthrodial class,
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70 ANATOMY

the one previously described, both condyles are similarly and simultane-
ously engaged. The lateral or triturating movement is made in an
oblique direction. This consists in a rotation of the condyles within
the fosse, the cartilage gliding obliquely forward and outward on one
side, and backward and inward on the other, this action taking place
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Fic. 28.—Temporal muscle. (Deaver.)

alternately. This movement is more or less developed in accord-
ance with the nature of the tooth by occlusion, being favored by those teeth
possessing but little cusp formation, with a consequent loose and
wandering occlusion; while in that type of tooth associated with a long
overbite and deep penetrating cusps, forming a firm and well-locked
occlusion, this movement will be but little developed. If this move-















CHAPTER V

A General Description of the Teeth—The Permanent Teeth : Classi-
fication, Surfaces, Etc.—The Dental Arch

A GENERAL DESCRIPTION OF THE TEETH

A Tooth (Fig. 30).—0ne of thirty-two specialized organs placed at
the entrance to the alimentary canal (the mouth), the chief function
being to seize, incise and masticate food. The typical form of a tooth
is a modified cone or combination of
cones, and 1s composed of two funda-
mental parts—the crown and the reol or
roots. The crown is that part which is
exposed to the surface and visible in the
mouth; while the root is that part which
is implanted in the bone and covered by
the mucous membrane. Intervening be-
tween these two parts, and usually occu-
pying a portion of each, is a third division—
the neck.

Completely covering the crown of a
tooth is a hard, vitreous-like substance,
enantel;* the root is covered by a hard
hone-like substance, cementum;* while the
interior or body of the organ is composeq
of a hard substance closely resembling
bone, the dentin.®* The neck of a tooth, B
which serves to unite the crown to the
root, and which is usually formed at the expense of each, is covered
partly by enamel and partly by cementum. Teeth are classified accord-
ing to their from, which is always in accordance with their function,
into simple and complex. In the simple class the single modified cone
is the predominating form, the free extremity of the crown serving as
the base of the cone, while the apex is formed by the free end of the root.
Included in this same classification are those teeth which are made up of

* See Tissues of the Teeth, Part II.
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76 ANATOMY

a double cone, or a simple cone and an inverted cone attached to each
other at a common base the neck of the tooth (Fig. 30). The purposes
for which such teeth are adapted are those of grasping, incising, and
tearing, and they are so arranged that the free extremities of their
crowns interlock or overhang the opposing teeth in the opposite jaw.

In the complex class (Fig. 31) the external form of the tooth is pro-
duced by a combination of cones, some of which are simple, others
inverted, but all uniting at a common
base—the neck of the tooth. In this class
the simple cones form the roots of the tooth,
while the crown is made up of a number of
smaller cones, much modified. Such teeth
are adapted to crushing and grinding, and
are less inclined to interlock during active
service.

The teeth are divided into two grand
divisions—those of infancy and childhood,
called deciduous or temporary teeth, and those
of the adult period, known as permaneni

F1G. 31. teeth. 'The latter class being most important,
will first receive consideration.

The Permanent Teeth (Fig. 33).—The permanent teeth, thirty-two
in number, are divided into those of the superior portion of the mouth,
upper, and those of the inferior portion, lower. In number they are
equally divided, each jaw giving support to sixteen. They are firmly
more or less imbedded in the alveolar sockets of three of the bones of
the mouth, the upper sixteen being attached to the two maxillary
and the lower sixteen to the mandible. As above referred to, the
attachment of the teeth to the bones is by implantation in sockets,
the alveoli (see description, “Bones of the Mouth”). In this attach-
ment there is a special development or bone, closely modeled to the
roots of the teeth, and which is subservient to the ever-varying changes
which take place during the development of the organs. The joint
thus formed between the roots of the teeth and the alveoli is usually
classed with the immovable or synarthrodial wariety, and is styled
gomphosis. Intervening between the roots of the teeth and the walls
of the alveoli is a delicate membrane—the alveolodental membrane,
which serves as a means of attachment between the tooth and the bone.

Before continuing the description of the teeth, a further classifica-
tion, which refers alike to the upper and lower, must be presented.
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This classification is derived from the function and form of the teeth.
Figure 33 shows thirty-two teeth placed side by side in two rows.
In the center is a perpendicular line, which corresponds to the median
line or center of the mouth, the teeth at either extremity being those
which occupy the back part of the mouth. Without confining the
description to either the upper or lower teeth, it will be observed that
the first two teeth on each side of the median line are similarly formed,
and receive their name from their function, all four being called incisors
(¢ncidere, to cut); the two larger incisors, being nearest the median line
or center, are called cenfral incisors; while the two smaller being placed

Lingual Surfaces Labial and Buccal Surfaces
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Lingual Suriaces Labial and Buceal Surfaces
PiG. 32.—The permanent teeth.

at the side of the centrals, are known as lateral incisors (lateralis,
the side). The third tooth from the median line upon either side is
the cuspid (cuspis, a point), so named from possessing a single cusp
or point. Passing to the right or left on the chart, or backward in
the mouth, the fourth and fifth teeth from the median line are the
bicuspids (bi, two; cuspis, a point), having two points or cusps. The
bicuspid nearest the median line is the first bicuspid; that most distant
from the median line is the second bicuspid. The sixth, seventh,
and eighth teeth from the median line upon either side are those of
another class, the molars (mola, a mill-stone), being named according
to their function, that of crushing or grinding the food. Proceeding
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vided with two. The lower first and second molars are each provided
with two roots, but in the third molar, like its upper fellow, the number
may be diminished or increased. ' In the upper molars, two of the three
roots are placed above the buccal half of the crown, and are called buccal
rools; the remaining root is placed above the lingual half of the crown,
and is designated as the lingual root. 1In the lower molars, one of the
two roots is placed below the anterior or mesial half of the crown, and is
named the mesial rool, and the other below the posterior or distal half,
and is known as the distal root. In those teeth with a complicated root
formation, it would seem to be a
question whether they are pos-
sessed of a single root, with two
or more branches, or separate
and distinct roots throughout.
To determine this, some account
must be taken of the point at
which the bifurcation or tri-
furcation takes place. If this
separation be in close proximity
to the crown, the tooth should
be considered as having more
than one root (Fig. 33, A); but,
on the other hand, if the point
of separation be some distance Fic. 33.

from the crown, with a solid

mass of root substance intervening, the tooth may be said to possess a
single root, with two or more branches (Fig. 33, B). In the latter
instance, that part of the tooth between the point of separation and the
crown is called the root or root base; while the prolongations beyond
the point of separation are known as the branches of the root.

The roots of the teeth are not only variable in number, but are also
subject to much variety in form. In the anferior teeth (the incisors and
cuspids) the roots are inclined to the form of the simple cone, which
form, however, is frequently more or less broken by a slight curvature
near their extremities, or by a slight compression of their lateral walls.
In the posterior teeth (the bicuspids and molars) the roots are all inclined
to the conical form, but do not approach so nearly the perfect cone as
those of the anterior teeth. These roots are also more or less crooked
and flattened laterally. The free extremity of the roots of the teeth,
forming as they do the apex of these cone-like prolongations of the
crowns, are known as the apices or apical extremilies.
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The extent to which the enamel covers the crowns of the teeth is
marked by a well-defined line, which completely encircles the neck of
the tooth, the cervical line.

The Dental Arch (Fig. 34).—The teeth are arranged in the jaws in
the form of two parabolic curves, the superior arch describing the seg-
ment of a larger circle than the inferior, as a result of which the upper
teeth slightly overhang the lower. Figure 34 represents the sixteen
upper teeth in position in the bone, showing their occlusal and lingual
surfaces. Viewed in this direction, the gradual change in the crowns of

Incizors

Cuspid

15t Bicuspid

2d Bicuspid

15t Molar

2d Molar

3d Molar

P16, 34.—The dental arch.

the teeth from the simple incisors to the complex molars may be ob-
served. An examination of the central incisors will show how perfectly
they are adapted to the process of cutting or incising the food, the
incisal-edge being sharp and the lingual surface comparatively smooth
and unbroken. In the lateral incisors the cutting feature predominates,
but the lingual surface is broken near the neck of the tooth by a slight
depression, surmounted by a more or less pronounced fold of enamel,
in many instances resembling a small cusp. The crown of the cuspid
furnishes the intermediate form between the simple and the complex.
This tooth, instead of being provided with a straight cutting-edge, is
surmounted at the center of its occlusal surface with a well-defined
point or cusp, descending from the summit of which are two incisal-


















36 ANATOMY

Thus, in the sanguine temperament (Fig. 37), the arch is well rounded
anteriorly, the circle being continued backward to the region of the
molars, where the line is broken by slightly inclining to the lingual. In
this arch the distance in a straight line from the center of the second
molar, on one side, to the center of the corresponding tooth on the other,
is about equal to the distance from either of these points to the median
line between the central incisors, forming an equilateral triangle. In
the bilious temperament (Fig. 38) the arch presents a broad front from
cuspid to cuspid, with but little curve; at these points it turns abruptly
backward, being continued almost in a direct line to its extremity. In
this arch the side of the triangle (represented by the line from molar to

Fi1c. 41.—Section of maxilla showing interproximate spaces,

molar) is much reduced in length. In the nervous temperament (Fig.
30) the arch is Gothic in form, the segment formed by the anterior teeth
being that of a much smaller circle than either of the types previously
referred to. The distance from molar to molar is much less than the
distance from molar to median line. In the lymphatic temperament
(Fig. 40) the arch is well rounded and broad, the segment being that of a
much larger circle than any of the above, the side of the triangle formed
by the line from molar to molar being of the greatest length.
Interproximate Spaces.—In the mesiodistal direction the crowns of
the teeth, as a class, are broader at their occlusal surfaces or cutting-
edges than at their necks (Fig. 41). This bell-shaped form of the tooth-
crowns cause their proximate surfaces to touch at a point, conlact point,
representing their greatest mediodistal diameter, which is usually
nearest to the incisal-edge or occlusal surface. Between this point of



























THE BLOOD-SUPPLY TO THE TEETH

Fi16. 40.—Dissection showing blood-supply to the teeth.
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Fic. 31.—Dizsection showing nerve-supply to the teeth.
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in three groups—labial, nasal, and palpebral. The branches given off
to the teeth are the posterior superior dental, the middle superior dental,
and the anlerior superior denlal.

The posterior superior denlal arises from the second division of the
fifth nerve, by one or two roots, just before it passes into the infra-
orbital canal. It is divided into a superior and an inferior set; the
former passes forward and terminates in the canine fossa, while the
latter, usually the larger, enters the posterior dental canals, and,

FiG. §3.—Dissection showing mandibular (third) division of fifth nerve. a, Tem
poral bone; & mental branches emerging through mental foramen: ¢, lingual nerve; 4,
mandibular or inferior dental nerve.

following the line of the alveolar process through minute canals in
the bone, sends off twigs to the molar teeth, ending in a plexiform
manner by communicating with the middle superior dental nerve.
This nerve is also distributed to the gums and adjacent buccal mucous
membrane.

Middie Superior Dental Nerve—The infra-orbital nerve, soon after
entering its canal, gives off this branch, which passes outward, down-






CHAPTER VIII

A Description of the Upper Teeth in Detail—Calcification, Eruption,
and Average Measurements—Their Surfaces, Ridges, Fosse,
Grooves, Sulci, Etc.

UPPER CENTRAL INCISOR

st ad oth Tth ith gth 10th 11th
year YELr year yent vear yoar year year
Fic. 54.

CavciricaTion Becins, FroM THrEE CENTERS, DURING THE FIRST YEAR.
CavciFication CompLETED, TENTH 10 ELEVENTH YEAR.
ErUPTED, SEVENTH TO EI1GHTH YEAR.
AVERAGE LENGTH oF CROWN, .30.
Averace LExoTH oF Roor, .40.
AvErAGE LENGTH OVER ALL, .88.

This tooth begins to calcify during the first year, the process taking
place along the future incisal-edge of the tooth in three distinct lobes
or plates, centers of calcification, which afterward unite and form three
eminences or tubercles, the lines of this union being indicated upon the
completed crown by two more or less defined grooves—developmental
grooves. By the end of the third year the deposit of lime-salts has
carried the process of calcification to a point about midway between
the incisal-edge and the cervical line. By a continuation of this forma-
tive action the calcification of the crown is completed between the fifth
and sixth year. At the beginning of the seventh year calcification has
progressed to such an extent that the neck of the tooth and base of
the root are fully outlined. Between the seventh and eighth year the
incisal-edge of the tooth begins to make its appearance through the
gum at a point either to the right or left of the median line, and, by a
gradual absorption of the gingival tissue, the eruplion of the tooth takes

place. During the following year about one-eighth of an inch has
102
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one or two minor points of distinction: the borders are all more
rounded, the labial border presenting a greater convexity, and the
lingual a more perfectly formed concavity. The surface is quite full
in the center, from which it slopes away in all directions, thus producing
a decided general convexity. The cervical margin of the surface is
almost identical with the cervical margin of the mesial surface. The
distance in a direct line from the cervical border to the cutting-edge
is a trifle less than the corresponding
measurement on the mesial surface. The
distal angle is equally constant in its po-
sition, and, being connected with the mesial
angle in a direct line by the incisal-edge, finds
this latter margin always in the labiolingual
center of the crown.

The Incisal-edge of the Central Incisor.—
The cutting or incisive edge receives its
name from its function, that of cutting or
incising the food. It is formed by the junc-
tion of the labial and lingual surfaces of the
crown, and extends almost in a direct line
from the mesial to the distal surface; at its
union with the mesial surface it assistsin form-

Fic. s8—A young upper iNg the mesial angle of the crown, and serves
central incisor, labial surface,  the same purpose by its union with the distal
showing deveélopmental Fetis . P
grooves—a. surface. In the majority of instances it is

an unbroken line. In passing from themesial
to the distal angle it converges slightly in the direction of the root, thus
making the crown a trifle larger on the mesial than on the distal side.
In the recently erupted tooth (Fig. 58) the line is broken by the develop-
mental grooves; these usually disappear by wear, but occasionally
traces of their existence remain, and thus permanently break the positive
line that would otherwise be present. As the incisal-edge approaches
the distal angle of the crown it is inclined to slope away, producing a less
positive angle than the corresponding mesial angle. In some instances
the incisal-edge is quite thin and inclined to sharpness, in others it is
blunt and dull, the former condition being present when there is a
decided overbite, the latter occurring when this feature is
less pronounced. The incisal-edge is frequently referred to as the
occlusal surface, this term being employed to make the description more
uniform with the bicuspids and molars, and for this reason is permissi-
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The line thus formed is straight and direct from the mesial to the distal
angle of the crown, both of which are well produced. The cervical
curvature is represented by the segment of a much larger circle than
that found upon teeth of other types, and the neck of the tooth is heavy
and bulky, showing but little constriction at this point.

UPPER LATERAL INCISOR

4th 5th 7th oth roth 11th
VEAr yeur VAT vear VEAT year
FIG. 59.

Carciercatiox Becins, rroM THrEE CENTERS, DURING THE FIRST YEAR.
CarciricaTION CoMPLETED, TENTH T0 ELEVENTH YEAR.
Erveren, SeventH 70 ElcHTH YEAR.
AVERAGE LENGTH 0F CROWN, .34.
AVERAGE LENGTH oF RooT, .51.
AVvERAGE LENGTH OVER ALz, .85.

Like the central incisor, calcification in this tooth begins during the
first year, the process taking place in the same manner, from three
centers, along the future incisal-edge, and gradually extending in the
direction of the root. By the expiration of the third year the incisal-
edge and the angles of the crown are fully formed; the fourth year finds
the crown calcified to nearly one-half its length; by the fifth year the
cervical ridge is reached while the sixth year usually completes the
process of calcification in the crown. At the close of the seventh year
the base of the root is fully outlined, during the following year about
one-eighth of an inch is added to its length, and still greater progress is
made during the ninth year, by which time fully three-fourths of the
root length has become calcified. During the tenth year the apical
end of the root begins to form by a sudden doubling-over of the free
calcifying margins, and by the eleventh year the surface of the root is
complete (Fig. 50). By the above description it will be observed that
at the time of eruption the root of this tooth is only calcified to about
one-half of its completed length, and the same may be said of the
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lingual fossa is but a slight depression. The angles of the crown are well
produced and the incisal-edge thick and blunt, this marginal surface
frequently occluding directly upon the opposing lower teeth. The
curvature of the cervical line is that of a long circle.

UPPER CUSPID

sth Gth 7th Bth oth 1oth 13th
Vear year Year year yeoar Vear year
Fic. 64.

Carcrrication Becins, FroM Taree CenTERs, DUrRING THE THIRD YEAR.
CarciricaTioN CoMpPLETED, TWELFTH TO THIRTEENTH YEAR.
ErvprEDp, TWELFTH TO THIRTEENTH YEAR.
AVERAGE LENGTH OF CROWN, .37.
AVERAGE LENGTH OF RoOT, .68,
AvErAGE LENGTHE OVER ALL, 1.05.

During the third year calcification begins in the central lobe, which
is gradually extended laterally, until, at the fourth year it is met by the
two lateral lobes, which are somewhat later in beginning, and by
the fifth year the three are united, the former eventually establishing the
single cusp of the tooth and the latter two the mesial and distal angles.
About the sixth year two-thirds of the crown is formed, and by the
seventh year the constriction which marks the beginning of the neck of
the tooth commences to make its appearance. Between the seventh
and eighth vear calcification in the crown is completed and the cervical
line established; during the following year nearly one-quarter of an inch
is added to the length of the root, and by the beginning of the tenth year
the root is formed for fully two-thirds of its entire length. Between the
twelith and thirteenth years or at the time of eruption, calcification is
completed in the root so far as its surface is concerned (Fig. 64). In
this latter particular the cuspid differs from other teeth, with the excep-
tion of the third molars, in being completely calcified previous to, or
about the time of, its eruption. To reach its final position in the arch
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the distal surface of the lateral incisor, the extent of contact being much
influenced by the type of tooth, but in the cuspid this is usually a
single point rather than an extent of surface.

The Distal Surface of the Crown (Fig. 67).—This surface in many
respects is similar to the mesial, particularly in its general outline. The
extent of surface is somewhat less and the convexity much more marked
than that of the mesial surface. The position of the distal angle, which
is the lower boundary of the surface, being much nearer the cervical line,
makes this surface about one-third shorter than the mesial surface.
The lateral margins of the surface, which are also within the profile
lines, differ from those of the mesial in being more clearly defined. The

cervical margin differs from that of the
mesial surface by having a concavity
with much less depth. As statedabove,
the surface is decidedly more convex
than the mesial, the point of contact for
the mesial surface of the first bicuspid
being almost in the center. Near the
cervical margin the surface is inclined

to flatness, and frequently concave.
Cuspule The Incisal-edge, or Cusp—As in-
Lingual  ferred in the beginning of this descrip-
tion, the cuspid is both an incising and
a penetrating organ, the latter function
; being provided for by the presence of
Marginal Ridges the single cusp, which divides the in-
Fl:’ﬁ3:;;:25,‘;?;;.‘?;3;,?:&?1 cisal-edge into an anterior or mesial
portion and a posterior or distal por-
tion. The mesial incisal-edge begins at the summit of the cusp and
slopes away to meet the mesial angle, which it assists in forming. The
outline of this edge is usually gracefully curved and unbroken unless
permanently crossed by the labial groove. The dislal incisal-edge is
generally somewhat longer than the mesial. Immediately after leav-
ing the summit of the cusp it may be slightly concave; but beyond
this point it is well rounded, until it reaches the distal angle, into which
it gradually disappears. This edge is also frequently broken by the
labial groove. In its entirety the incisal-edge is subject to the same
variations as those of the incisors—i.e., it may be thin and sharp,

or it may be thick and blunt.

The Cusp.— The single cusp from which this tooth derives its name

is formed by the union of the labial ridge, the lingual ridge, and the

Cervieal
Ridze

Lingual
rroove
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while the cusp and incisal-edges are outlined by one long, oval sweep.
The labial surface is prominent and convex, and the developmental
grooves are fairly well shown. The mesial and distal surfaces show a
moderate general convexity, while the lingual abounds in well-rounded
ridges and borders. The constriction forming the neck of the tooth is
moderate. The cervical line is in the form of perfectly arched curves,
forming on the labial surface the segment of a circle corresponding to
the circumference of the crown of the tooth.

Lymphatic Type.—In this type the crown is usually greater in its
transverse than in its longitudinal measurement; it is lacking in graceful
outline, and may best be described as being short, thick, and heavy
set. None of the surfaces abound in descriptive lines, although trans-
verse ridges are sometimes present on the labial surface near the cervix.
Both the labial and lingual surfaces are convex in every direction, while
the mesial and distal are inclined to flatness. The cusp is heavy and
blunt, and the incisal-edges, which are nearly of equal length, are thick
and dull. The mesial and distal angles are well produced. The cer-
vical line is almost a direct line encircling the neck of the tooth, the
segmental form on the labial surface being that of a much larger circle
than any of those previously described. The neck is thick and heavy,
and the root generally short.

UPPER FIRST BICUSPID

Tth  year &th year gth year 10th vear 11th year 1zth year
FiG. 6g.
Cavrcrrication Becing, FRoM Four CENTERS, ABOUT THE FOURTH YEAR.
CarcreicatioNn CoMpLETED, ELEVENTH TO TWELFIH YEAR.
ErvrtED, TENTE TO ELEVENTH YEAR.
AveErAGE LENGTH OF CROWN, .32.
Averace LENGTH oF RooT, .48,
AvErace LeNGTH OVER ALL, .Bo.

This tooth, although presenting a crown of vastly different contour,
is developed by a process almost identical with that of the incisors and
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distal surfaces. Viewing the tooth from a buccal aspect, the neck is
a distinctive feature, but when studied from the mesial or distal sides,
the constriction is scarcely observed, this being particularly the case if
the tooth has but a single root. In general, the neck partakes of the
contour of the crown, being convex on the buccal and lingual, and flat-
tened and frequently slightly concave on the mesial and distal.

The Roots of the Upper First Bicuspid.—This tooth is usually
developed with two roots, sometimes with only one, and in rare
instances it may have three. When two roots are present, one is above
the buccal and the other above the lingual half of the crown, and are

F16. 73.—Types of bicuspids.

named, according to their location, buccal or lingual. Ingeneral form the
two roots are quite similar, but the buccal is usually a trifle longer than
the lingual. They taper off to a slender apex, and are inclined to curve
in various directions near their extremities. The point of bifurcation is
frequently some distance above the neck, so that the tooth may be said
to possess a single root with two branches. Below the bifurcation the
root assumes the form of the neck or cervical portion of the crown, but
as the bifurcation is approached, the mesial and distal sides present a
longitudinal groove, which gradually increases in depth until the single
root becomes separated. The curves of the root-branches above
referred to are, in the buccal branch, first to the buccal and then to the
lingual; while the lingual branch first shows a slight lingual inclination

immediately above the point of separation, followed by a gentle buccal
b}
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UPPER SECOND BICUSPID

7th yvear #th year oth vear 1oith vear rith vear rith year
Fic. 74.

CarcrricaTion Becing, Frod Four CENTERS, ABOUT THE FIFTH YEAR.
CavrcrricaTioNn CoMpLETED, ELEVENTH TO TWELFTH YEAR.
ErvrTED, ELEVENTE TO TWELFTH YEAR.
AveERAGE LENGTH oF CROWN, .20.
AvERAGE LENGTH OF R0OT, .55.
AVERAGE LENGTH OVER ALL, .84.

The process of development in this tooth is identical with that of
the first bicuspid, calcification in the buccal half of the crown taking
place in one central and two lateral lobes, while the lingual half is devel-
oped from a single center. The calcifying process is about one year
later than that in the first bicuspid, the summit of the buccal cusp re-
ceiving its lime salts about the beginning of the fifth year. During the
following six months calcification begins in the lateral lobes, and also in
the lingual lobe. By the sixth year the occlusal surface and a portion of
the crown are completed by a union of the various lobes, and at seven
years the crown is calcified for more than two thirds of its completed
length. Between the eighth and ninth year the contour of the crown is
established, and the neck of the tooth and outline of the root-base
formed. At the tenth year about one-third of the root length is formed,
and during the following year about 1§ of aninchis added toit. By the
eleventh or twelfth year calcification is completed (Fig. 74).

This tooth so closely resembles the first bicuspid that a description
in detail will be unnecessary; there are, however, a few minor points
which are at variance and must be described in order to distinguish one
from the other. In general, the tooth is a trifle smaller than the first
bicuspid, the cusps are somewhat shorter, and the various ridges less
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is gradually diminished in size, finally ending somewhat abruptly in
an oblong extremity. In some instances the apical end is round and
pointed, resembling the apex of the incisors and cuspids, but when thus
formed the root is usually curved near its apical third and somewhat
extended in length. The mesial and distal surfaces are provided with
a well-defined longitudinal concavity, extending from the cervical margin
to the apex and dividing the root into a buccal and a lingual portion.
This depression is often so decided that the contour of the single root
is almost lost, and in its place the appearance is that of two roots
similar to those described in the first bicuspid. The length of the root
is usually a little greater than that of the first bicuspid, but the crown
being a trifle shorter, results in producing a tooth the entire length of
which is about equal to that of the first bicuspid.

UPPER FIRST MOLAR

20 yeéar 3d year sthovear 6th year =ath year 1oth vear rith year

Fic. 77.

Carcrrrcation Becmns, rroM Four CeNTERS, ABoUT ONE MoNTH BEFORE BIrTH.
CALCIFICATION COMPLETED, NINTH T0 TENTH YEAR
ERTUPTED, SIXTH TO SEVENTH YEAR.
AveEraceE LENGTH oF CROWN, .30.
Averace LexcTa OoF RooT, .51.
AverackE LENGTH OVER ALL, .81.

This tooth being the first of the permanent set to erupt, precedes
all others in the process of calcification, beginning to receive its lime
salts as early as the eighth fetal month. The form of the crown being
so entirely different from those previously described, embodies a de-
velopmental process which is also different, four distinct lobes being
present, one for each cusp, these making their appearance during the
first year after birth, closely followed by a completion of the occlusal
surface by the union of the free calcifying margins, these lines of union
being finally represented by the developmental grooves of the occlusal
surface. After the completion of this surface, calcification proceeds in
the direction of the base of the crown, and at the beginning of the third
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and distal margins are rounded, and gradually converge as they pass
rootward, making the average diameter of the surface about one-fourth
less at the cervical line than at the base of the cusps. Insome instances
these margins are slightly concave over their cervical portion, and
convex on approaching the occlusal margins; or the mesial may be
concave and the distal convex throughout their entire length; in some
types they appear as straight lines and are parallel with each other.
The occlusal margin is formed by the marginal ridges as they pass over
the two buccal cusps, being in the form of the letter W. The cervical
margin is usually a direct line drawn around the circumference of the
tooth, but in some instances
deviating slightly from this.
Immediately below the cer-

vical line, and conforming to piosucea Mesiobuccal

BEoot
& - - - R. t
its general direction, is a %
rounded fold of enamel—the
cervical ridge.
Lingual Surface of the e
: : ~ervical
Crown* (Fig. 81)—Like the Line
buccal surface, this surface is Meciil
Distolingual S
developed from two lobes— ~ “iame® Graove
the mesio- and distolingual
lobes—the line n::f. union be- Lingual  Lingual Ridge
tween the two being record- Croove  Mesiclingual Cusp
Fic. 81— Upper first molar, lingual

ed by a well-defined groove— R

the Ulingual groove. This

groove, which is a continuation of the distolingual groove of the occlusal
surface, usually ends near the center of the lingual surfacein a well-defined
pit—the lingual pit—or it may continue rootward and gradually disap-
pear. Itislocated a little to the distal of the center of the surface, thus
making the mesial a trifle larger than the distal portion. The mesial half
of the surface is smooth and convex; the lingual incline of the mesiolin-
gual cusp is seldom provided with a well-defined ridge, although usually
referred to as the mesiolingual ridge. The distal half of the surface is
also smooth and rounded, with the mesiodistal convexity much more
marked than that of the mesial lobe. The cervical ridge is seldom so
pronounced as that of the buccal surface, but the enamel frequently
makes a sudden dip at this point to meet the cementum of the root.

* When the fifth cusp is present, the anatomy of the mesial half of this surface is some-
what more complex.
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UPPER SECOND MOLAR

=~th year Bth wvear gth wyear 1oth vear 11th vear 1ath year 16th year

Fic. 83.
Carcrricationy Becins, Frou Four CENTERS, ABOUT THE FIFTH YEAR.
CALCIFICATION COMPLETED, SIXTEENTH T0O EIGHTEENTH YEAR.
ErvpreD, TWELFTH TO FOURTEENTH YEAR.
AVERAGE LENGTH oF CROWN, .25.
Averace LENcTH OoF ROOT, .51.
AvEracE LENGTH OVER ALL, .79.

Calcification in this tooth takes place in precisely the same manner
as that of the first molar, but the formative process is much later in be-
ginning, the lime-salts commencing to accumulate in the four separate
lobes about the fifth year. At the beginning of the sixth year the forma-
tion of the cusps is completed, soon after which they coalesce and the
occlusal surface of the crown is established. At the beginning of the
eighth vear fully two-thirds of the crown is calcified, and the following
year the crown and neck are completed and the root-base outlined. By
the tenth year the beginning of separate root-development is observed;
at the twelfth year, or at the time of eruption, the roots are formed to
about one-half of their completed length, the process continuing until
the sixteenth or seventeenth year, when calcification is completed and
the root apices formed (Fig. 83). In many respects this tooth closely
resembles the first molar previously described, the crown presenting the
same number of surfaces similarly named, and also being provided with
the same number of roots. Notwithstanding this fact, there are a num-
ber of ways in which they are at variance. The crown of the second
molar is smaller than that of the first, and the quadrilateral outline
common to the first molar is much compressed and broken in the second.
The distal cusps are much smaller proportionately than the mesial
cusps, this being particularly true of the distolingual cusp. This reduc-
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corresponding surface of the first molar in that it presents a greater
general convexity. Thisis particularly true in passing from the cervical
line to the occlusal surface. The lingual groove is also less constant
in its location. In most in-
stances it is to be found a
little to the distal of the cen-
ter, in others being as far
posterior as the extreme dis-
tal third of the surface, and in
rare instances it is entirely

i Lingual
wanting. 'The general char- Root. Cervical
acter of this surface, whichis . T

- a 5_iﬂ. M=
smooth and convex, is seldom cline of
Mesiolin- Disiomars
broken by the presence of #ual Cusp ginal Ridge
well-defined ridges, such as
; Lingual Groove, ending

are usually found descending in Lingual Pit
from the HIIgUFﬂ cusps of the FiG. 86.—Upper second molaz, lingual

- - ; surface.
first molar. The mesial. dis-

tal, and buccal surfaces, as well as the surfaces under consideration, are
proportionately smaller than those of the first molar, and, while this
refers to both the transverse and longitudinal measurements, it is
particularly applicable to the latter.

The Mesial Surface of the
Crown (Fig. 87).—Aside from
this surface being of less extent
Lingusl I | RN \(ciobuc-  than the corresponding surface

: of the first molar, there are no
other differences of importance.
In many instances, however,
there is a decided tendency for
the surface to be concave from

: o adie buccal to lingual, the convex
Meziolingual L Mesiobuc-

Angle W= cal Angle  distal surface of the first molar
closely fitting into this concav-

Fic. 87.—Upper second molar, mesial ity. Another variation which
fustace, is frequently observed is that of

the longer and more gradual sweep which it takes in passing into the

lingual surface.
The Distal Surface of the Crown (Fig. 88).—This differs from
the distal surface of the first molar principally in its more pronounced
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convexity. Its general form is also much influenced by the nature of
the two distal cusps. If one or the other of these is sparingly developed,
cither the buccal or lingual half of the surface, as the case may be, is
quickly rounded off to pass into the deficient lobe.

The Angles of the Crown.—The increased inclination for the crown
of this tooth to general convexity dispels, in a measure, the presence
of angles, as such, in correspondence to the four corners of the first
molar. In some instances the crown is represented as a fairly well-
formed quadrilateral, in which case the angles are well defined, but
usually this outline is so much
broken by a mesiodistal com-
pression that the angular form
of the crown is entirely abol-

Distobuc=

o P Lingual ished. But, whatever the form
of the crown may be, it is well

i e to adhere to the commonly

accepted term, and speak of

that point at which the sides of

Sae the crown unite as the angles,

el each being named in accordance

with its location.

The Neck of the Tooth.—The .

F1c. 88.— Upper second molar, distal principal variation between the

Sarface. neck of this tooth and that of

the first molar, is that produced by the greater general convexity of

the crown, which contributes to the production of a neck much more

constricted. There is also a greater variety in the contour of the neck,
incident to the variation in the general outline of the crown.

The Roots of the Upper Second Molar.—These are the same in name
and number as those of the first molar—two buccal and one lingual.
In many respects they differ from the roots of the first molar. They
are much smaller, frequently inclined to cluster together, and are often
fused, in some instances, all three being united, in others the union
existing between the two. When isolated, each root usually presents a
decided distal curve near its apical third. When the crown is flattened
from mesial to distal, as before described, the distobuccal root is forced
to occupy a position much more to the lingual than that assumed by
the mesiobuccal root. The lingual groove seldom passes over the
lingual root, as observed on the first molar.
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UPPER THIRD MOLAR

10th vear Lith year 12th year 14th vear 18th vear
Fic. 8o.

Carcrrication Becins, NINTH YEAR.
CavrcrricaTioN CoumrLeTED, EIGHTEENTH TO TWENTIETH YEAR.
ErRUPTED, SEVENTEENTH TO TWENTIETH YEAR.
AVERAGE LENGTH oF CROWN, .24.
AvErAaGE LENGTH oF Roor, .44.
AvERAGE LENGTH OVER ALL, .68.

The calcification of this tooth takes place in precisely the same man-
ner as that in the first and second molar, with the exception of the num-
ber of lobes, which are sometimes three and sometimes four. The
limesalts begin to accumulate between the eighth and ninth year, and
continue with somewhat more activity than that of the first and sec-
ond molars. Between the ninth and tenth year the three or four
cusps, of which the future tooth is to be composed, have coalesced, and
by the eleventh year calcification in the crown of the tooth is completed ;
at the end of the following year the roots, which are variable in number,
have made considerable progress; at the fourteenth year they are
calcified to about half their length, while at a period between the
eighteenth and nineteenth year the formative process is completed
(Fig. 89). This tooth, like the cuspid, is usually fully formed before
eruption takes place.

This tooth is subject to a greater variety of form than any other; in
rare instances it is similar in general outline and cusp formation to
the first molar, but in a vast majority of cases it is dissimilar, the most
constant deviation being its size, which on the average is about one-
third less. In the accompanying illustration (Fig. go) the forms most
frequently met with are shown. It will be observed that the contour
of the tooth in general is much more rounded than either the first or
second molar. The buccal angles of the crown are alone well marked,
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the mesial and distal surfaces passing into the lingual surface by a long,
gradual sweep, and thus obliterating the lingual angles. In many in-
ctances the tooth is tritubercular, and is usually made so by the absence

F1G, go.—Various types of upper third molar.

or diminutive size of the distolingual cusp. Just as this cusp was
inclined to degenerate in the second molar, so we find this retrograde
tendency increased in the third molar. With this change in the
construction of the occlusal
surface, there is a correspond-
ing variation in the grooves,

Distolingual Lingual ¢
= I.h::'t' : Root ridges, and fossa.
&Sl nUECCa ®
oot Mesial Surface of the

Crown (Fig. ¢1).—In many

particulars this surface corre-
Buccal sponds in form and outline to
Distouceal  the mesial surface of the first
molar; it is, however, usually
much more convex, seldom pre-
senting a concavity or even a positive flatness. The surface is not only
rounded from buccal to lingual, but also from the cervical line toitsocclu-
sal margin. Thus formed, a point of contact is provided near the center

of the surface. The occlusal margin, the buccal margin, and the

Cervical line

Mesial
Surface

Mesiobuccal
Cusp Cusp

Fic. gr.—Upper third molar, mesial surface.
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incisal-edge, the surface is usually more prominent and presents a more
marked convexity, and near the cervical margin it is flattened and some-
times slightly concave. The union of
this surface with the incisal-edge and the
labial and lingual surfaces forms the

distal angle of the crown, which, like . it
Lingual Ridge

the mesial angle, is square and well Ridge _
i Carvie B Cervical

ETVICG !il!'lE

defined. The margins of the surface are Tingual
; I Ridge
In no way different from those of the
mesial surface.

The Incisal-edge.—In the young
tooth this incisive margin is thin and
generally divided into three distinct parts
(Fig. 98) by the developmental grooves,
but these disappear so early that they
can scarcely be considered in connection F16, 97.—Lower incisor, distal
with a description of the fully developed gy
tooth; in fact, the incisal-edge of this, as well as that of all the lower in-
cisors, is so susceptible to change by mechanical abrasion that a normal
condition is of but short duration. After the disappearance of the primi-
Developruental Grooves tive lobes, and before further abrasion has taken place,
the edge is fairly sharp and placed nearly at right
angles with the crown. As in the upper incisors,
the incisal-edge is in a line with the long axis of the
tooth. The labial margin is slightly convex, while
the lingual is irregularly concave to the same extent.

The Cervical Margin. arginal line, which
is marked by the extent of the enamel cap, corresponds
closely to that of the upper incisors, dipping down
with a graceful concavity on the labial and lingual
surfaces with a corresponding convexity on the mesial
and distal surfaces. The prominence of this enamel
margin, together with the nature of the curvature,

1s much influenced by the tooth type.

Fi6. 98 —Young The Neck of the Tooth.— A distinctive feature of
:z:‘izlzzrsnjhﬂ.ﬁ:‘,ﬂ this tooth is found in the convergence of its mesial
the lines of develop- and distal surfaces in passing from the incisal-edge
e rootward, thus producing a neck much constricted

from mesial to distal. When examined from either the mesial or distal
surface, this feature is scarcely noted, the crown passing into the root
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grooves, the surface
ridges over the cervical portion.

resemble those of the upper cuspid, the incisive

Summit of
Cusp
Distomarginal
i e Mesinl Angle
L¥istal Lingual Ridge
Angle - 1G ="
Distolingual Lingual.Ureove
Groove Cervico Lin-
gual Ridge

Céervical Line

F16. 102.—Lower cuspid, lingual
surface.

ANATOMY

is occasionally broken by one or more transverse
The margins of the surface closely

and mesial being definite
in character, while the distal is
made equally indefinite by the
passing of the labialinto the distal
surface by a gentle curve.

The Lingual Surface of the
Crown (Fig. 102).—The ridges
and grooves of this surface are
far less pronounced in character
than those of the upper cuspid.
The lingual ridge, which divides
the surface into two equal parts,
extends from the summit of the
cusp to the base of the cervical
ridge, while the marginal ridges
pass rootward from the angles of
the crown, and, uniting, form

the cervical ridge. The slight depressions between the lingual ridge
and the marginal ridges correspond to the lingual grooves of the

upper cuspid, but in this tooth par-
take more of the nature of fosse.
The Mesial Surface of the Crown
(Fig. 103).—A peculiarity found in
connection with this surface is the
general plane existing between the
crown and root-surface. Inall other
teeth the mesial and distal surfaces
are found to bulge somewhat beyond
the corresponding surface of the root,
but this surface of the lower cuspidis
not only usually in a direct line
with the mesial of the
root, but is occasionally inclined
to the distal, resulting in a crook-
ed or bent appearance to the tooth.
In addition to this individual

surface

Lingual
Ridge
Labial Mesiomar-
Ridge ginal Ridge
Cervical Cervical
Ridge Line

FiG. 103.—Lower cuspid, mesial
surface.

peculiarity, the surface is flat and passes by a long curve to meet the

lingual surface.
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surface is the buccal groove, which, after crossing the buccomarginal
ridge, is usually quite deep; but as it proceeds in the direction of the
root it gradually disappears, or it may end abruptly in a well-defined pit
—the buccal pit. The distobuccal groove enters the surface near the
distobuccal angle, and gradually becomes less pronounced as it passes
rootward. Itisseldom so well defined as the buccal groove, and usually
ends-when about half-way to the cervical line. The occlusal margin
is made irregular by the presence of the three buccal cusps; the cervical
margin is nearly straight from mesial to distal, and is surmounted
throughout by a strong enamel fold, the cervicobuccal ridge. The
mesial margin is longer than the distal, Distolianal. Mesiotivigial
but neither of them is well defined. Casp Cunp

The Lingual Surface of the Crown
(Fig. 113).—This surface is smooth and
convex in every direction. It is gener-
ally divided into two portions, a mesial
and a distal, which are nearly equal in
extent. This separation is formed by
the lingual groove, which is -sometimes
deep and sulcate, at others shallow, and
notinfrequently entirely wanting. The
surface 1s nearly one-third less in extent
than the buccal, the convergence of the
mesial and distal surfaces in passing to
the lingual accounting for this difference. Fic. 113.—Lower first molar,
The occlusal margin is formed by the e B
double incline of the two lingual cusps; the cervical margin is either
straight or slightly concave in the direction of the occlusal
surface, while the mesial and distal margins are rounded and poorly
defined.

The Mesial Surface of the Crown (Fig. 114)—This surface is
inclined to flatness, with a slight bulging near the center, which marks
the point of contact with the approximate tooth. It is usually smooth,
and unbroken by developmental or other grooves, although the mesial
groove occasionally traverses it after crossing the marginal ridge from
the occlusal surface. Near the center of the cervical third a slight
concavity is often present. The margins of the surface are somewhat
irregular, the occlusal margin being made irregularly concave by the
ridges which descend from the two mesial cusps; the cervical margin is
slightly concave in the direction of the occlusal surface, and, while the

1a
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general, they are poorly defined, and are frequently crossed by numerous
small supplemental grooves, dividing them into many minute tubercles.
The latter are smooth and strongly convex, with their general outlines
much influenced by the number of Cusps.

The Roots of the Tooth.—While this tooth is strongly inclined to
have two roots like the other lower molars, this condition is by no means

Distobuceal Mesiobuccal
usp usp
Dastal
Surface Buccal
Surface

Cervical Line

Distal Boot Mezgial Raoaot

P16. 121 —Lower third molar, buccal surface. A common form.

the common one. Like the crown, the roots are probably more variable
than those of any other tooth. A single conic root may be present, or a
mesial and a distal root may exist; again, the mesial root may bifurcate,
thus resulting in three. In some instances, four, or even five, branches
may be given off from a common base. When more than two roots

Fic. 122.—Types of lower third molars,

are present, they are usually much twisted or crooked, and, while
generally inclined to the distal, are liable to branch in various directions.

A better idea of the variations in this tooth may be had from the
accompanying illustration (Fig. 122).
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THE PULP-CAVITIES OF THE UPPER TEETH

Upper Central Incisor.—Figure 123 shows a number of labiolingual
sections presenting the relative size and shape of the pulp-cavity in the
upper central incisor at various ages. In No. 1 the condition existing
at about the sixth year, or at a time immediately prior to the eruption
of the tooth, is shown. The tooth-crown is fully formed and calcified;
the cervical line may be observed, as well as a small portion of the root-
wall. The pulp-chamber, which is represented by the dark portion of
the cut, occupies about one-third of the diameter of the crown as its
greatest width. The pulp-chamber at this age, when viewed in this
direction, forms almost a perfect cone, the base of which is directed
upward or toward the future extremity of the root, and its apex down-
ward in the direction of the incisal-edge of the tooth. The apex of the

1 2 3 4 5

FI¢. 123.—The pulp-cavity in the upper central incisor, from the sixth to the tenth year.

cone may end somewhat abruptly, or it may be lengthened into a slen-
der, horn-like projection, extending well toward the incisal-edge. No.
2 represents the same tooth about the seventh year, or at a time shortly
after its eruption. The pulp-chamber has become slightly reduced in
its basal diameter, while but little change has taken place in the apex.
That portion of the pulp-cavity above the cervical line represents a part
of the future pulp-canal. At this age the canal is a direct continuation
of the conic pulp-chamber, ending above in a broad, funnel-shaped
extremity. No. 3 shows the condition of the cavity about the eighth
year. The diameter of the pulp-chamber is considerably diminished,
the apex has slightly receded, and the horn-like projection has partly
disappeared. The increase in the length of the canal is about 21 of an
inch over its length at seven years. The two parallel sides of the canal
have lengthened proportionately, and the funnel-shaped extremity is
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' Upper Lateral Incisor.— The pulp-cavity in the upper lateral incisor
1s 50 nearly identical with that of the central that it will only be necessary
to call attention to one or two points which are at variance. Figure
126 shows the five stages as represented by the growth of the tooth. In

FI1G. 126.—Pulp-cavity in the upper lateral incisor, from the sixth to the tenth VEar.

general it will be observed that the cavity is much smaller than that of
the central incisor, but this difference is to be accounted for in*the
smaller proportions of the tooth. No. 1 shows the condition of the

crown and pulp-cavity about the sixth year,
the pulp-cavity occupying a large portion
of the partly calcified tooth-crown. No. 2
represents the conditions present at the
seventh year, or about the time of the erup-
tion of the tooth. The pulp-chamber at
this age resembles a perfect cone, the base
of which reaches to the root-walls, and
faintly outlines the beginning of the future
pulp-canal. In No. 3, at teight years, the
length of the root has increased about g
of an inch, and the parallel sides of the
walls of the pulp-canal have made their
appearance. In No. 4, at nine years, by the
growth of the root the canal has considerably
increased in length and at the same time
much decreased in diameter, while in No.
5, at ten years, the root is completely

__ Amecal Foramen

Pulp Canal

Camentum

L:':I!:.!E:ﬂ

Pulp Chamber

Enamel

Fi1G. r1a7.—Upper lateral in-
cisor longitudinal section. labial
to lingual,

formed, the apical foramen established, and the maximum size of the
entire pulp-cavity in the fully formed tooth shown.

Figure 127, shows the average condition of, the pulp-cavity in the
upper lateralincisoratadultage. Inamesiodistalsection—figure 128—a
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proportionately longer than that of the incisors, in correspondence with
the cusp of the tooth. At this age the formative process has barely
extended to the root-walls; therefore, the width of the cavity is about
equal to its length. In No. 2, at eight years, an increase in the capacity
of the chamber over that of the incisors is shown, this being the result
of the greater bulk in the tooth-crown. The cone-like outline of the
chamber is somewhat broken by an effort of its margins to follow the
outline of the crown. In No. 3, at nine years, the principal change has
taken place in the canal, which has lengthened fully #4¢ of an inch, and
the funnel-shaped extremity, instead of joining with the pulp-chamber
direct, is continued below by two parallel walls to the true beginning of

I 3 3 4 5

F16, 130.—Pulp-cavity in the upper cuspid, from the seventh to the twelfth year.

this cavity. At ten years, No. 4, a more marked transformation has
taken place in both portions of the cavity. The diameter of the cham-
ber at the cervical line has diminished, as has also the length of the cone.
The increase in the length of the root, which has been proportionately
greater than that of the preceding year, has extended the length of the
canal about 2§ of an inch. The walls of the canal are no longer parallel
with each other, but are inclined to follow the root-outlines. The fun-
nel-shaped opening is much reduced both in length and breadth. No. 3
represents the condition at the time of the eruption of the tooth, or
about the twelfth year. The general outline of the pulp-cavity is that
of a double cone, with a common base at a point nearly corresponding
to the cervical line. The diameter in both the chamber and canal has
considerably decreased, while the central horn in the former has further
receded. The calcification of the root externally is about complete and
the foramen formed. In this particular the cuspid differs from the
incisors, and in fact from all other teeth, in having its root-calcification
about completed and the apical foramen established at or soon after
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chamber alone may be studied at this period, and this is found to be
somewhat irregular in outline, with a broadened, funnel-shaped opening
above, and two small, cone-like projections below, pointing into either
cusp of the crown. These latter projections are the horns of the pulp-
chamber, and are named in accordance with the cusp which they occupy.
In very young teeth it is not unusual to find these horns penetrating the
dentin almost to the enamel-wall. No. 2, at eight years, shows the
crown fully calcified and the outline of the base of the roots established.
The horns of the pulp-chamber have slightly receded, and the branching
of the canals is made manifest by the central deposit of dentin. In No.
3, at nine years, the capacity of the pulp-chamber is much decreased.
and appears to have receded bodily rootward. The roots are calcified

I # ) 3 4 5

F1G. 133.—Pulp-cavities of the upper first bicuspid, from the seventh to the twelfth year,

to about one-third their full length, and the canals which traverse them
are each provided with the funnel-shaped opening at their free calcifying
extremities. In No. 4, at ten years, the decrease in the size of the pulp-
chamber is not only caused by the deposit of dentin upon the occlusal
and lateral walls, but from the direction of the roots as well. The
diameter of the root canal is much less than at nine years, but the walls
are as yet parallel. No. 5 shows the roots fully formed and the apical
foramina established, which condition occurs about the twelfth year.
The horns of the pulp-chamber have receded somewhat, and the center
of this cavity is now almost on a level with the cervical line. The canals
have assumed the form of the roots themselves, and their diameter is
much diminished. The illustration shows the proportionate maximum
size of the chamber and canals in this tooth after completion of surface
calcification. It will be observed that the foramina are proportion-
ately smaller than those of the incisors and cuspids at a corresponding

period, this condition resulting from the smaller diameter of the roots.
13
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in rare instances may penetrate the enamel. In those teeth lacking in
cusp-formation the length of the horns will be correspondingly reduced,
and may be entirely wanting. In the two-rooted upper first bicuspid
the floor of the pulp-chamber, or that part of the cavity directed root-

A B
F1G. 135.—5ection of upper second bicuspid.

ward, is prominent and rounded in the center, from which point it gradu-

ally slopes toward the entrances to the canals, one of which arises from

the extreme buccal margin, and the other from the extreme lingual
margin.

FiG. I_‘]ﬁ.—FLI]]j-{‘EI.",-iLiEE in the u pper second bicusmd, from the seventh to the twelfth YEear,

Upper Second Bicuspid.—The pulp-cavity of this tooth is in man v
respects similar to that of the first bicuspid, the principal variations
being in the horns of the chamber, which are proportionately smaller
in correspondence with the diminution in cusp-formation. There is












THE PULP-CAVITIES OF THE UPPER TEETH 190

Upper First Molar.—In a simple longitudinal section of this tooth,
the pulp-chamber and two of the root-canals only will be shown, but
this will be sufficient to pursue the study with intelligence. Figure 141
shows a number of longitudinal sections, made in such a manner as to
expose the lingual canal, usually the largest, and the mesiobuccal canal,
No. 1 illustrates the approximate size and form of the pulp-chamber at
the fifth year. At this period the chamber occupies a large proportion
of the center of the tooth-crown. Two of the four horns are seen, one
of which penetrates the mesiobuccal cusp, and one, the mesiolingual
cusp. In many instances the horns of the molars are quite slender,
penetrating the dentin to a greater depth than shown in the illustration

F16. 141.—Pulp-cavity of upper first molar, from the fifth to the ninth wyear, Lingual
and mesiobuccal canals.

in the form of minute hair-like projections, which in some instances
reach almost to the enamel walls,

No. 2 illustrates the condition of the pulp-cavity at the sixth vear,
or at the time of eruption. The outline of the pulp-chamber is com-
pleted, and the floor has begun to make its appearance by a central
deposit of dentin. It will be observed that the lateral walls of the
chamber are somewhat less in thickness than the occluding wall, a
condition which will become more pronounced as the tooth develops.
With the beginning of the formative process in the floor of the chamber
we find the branching of the roots established, and the beginning of the
canals outlined. The canals at this period are quite similar to those of
the bicuspid, being provided with a funnel-shaped extremity, which
extends from the free calcifying margins of the roots to the floor of the
chamber. No. 3 shows the change which has taken place at the seventh
year. While the pulp-chamber is somewhat reduced in size, but little
change is noticeable in its outline. By this time the floor of the cham-
ber has become an important factor in the tooth development. By the
constant lateral extension of this central deposit of dentin the floor of
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inch is in a buccal and mesial direction: beyond this point it is usually
inclined to the buccal, until the upper third of the root is reached, where
it turns rather abruptly to the distal. This canal is generally a trifle
shorter than the lingual, averaging about 3§ to 11 of an inch. The
distobuccal canal (Fig. 142, C) branches off from the floor of the chamber
at the extreme distobuccal angle. In those teeth which most nearly
approach the quadrilateral form, the entrance to this canal will be

farther from the center of the tooth, the molar triangle in this instance
B c

D E F
F1g. 142.—Pulp-cavities of upper first molar.

being almost an equilateral. It sometimes happens that the entrance
to this canal is directly in the floor of the pulp-chamber, near to, but
not against, its buccodistal angle. The entrance is usually abrupt,
seldom being funnel-shaped, making it by far the most difficult of access.
It is inclined to be circular in form, and more or less tortuous in its
course. Immediately above the point of beginning it is inclined toward
the buccal and distal; near its center it may incline slightly to the
mesial, and finally, at its upper third, turns somewhat abruptly in a
distobuccal direction. This canal is usually the shortest of the three,
its average length being about 3¢ of an inch.

Figure 142 also illustrates a number of transverse sections of this
tooth, D being made at the cervical line, looking toward the crown,
E looking toward the roots, while F represents a transverse section
at a point immediately above the floor of the pulp-chamber.
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Upper Second Molar.—In many respects the pulp-chamber of this
tooth is similar to that of the first molar, but there are a few variations
which must be briefly described. First, the outline of the tooth-crown
A being much more flattened from
Root  esn. Mesial to distal, a corresponding
Eroatl Earh variation is noted in the form of
the pulp-chamber, increasing the
length of the mesial side of the
Cementum molar triangle, and decreasing

the length of the buccal and distal

sides. The chamber is more or

less flattened from mesial to distal,
Dentin making it somewhat oblong from
buccal to lingual. Second, on
account of a reduction in the
prominence of the cusps, the
horns of the cavity are usually
somewhat less pronounced than
those of the first molar. Third,
A : the floor of the cavity is less
Sl SR f:g:s molar ongitudingl - convex, and slopesmore gradually

toward the entrances of the 1

various canals. In a general way, the rules given for ascertaining the
approximate location of the entrances to the canals in the first molar
apply to this tooth. The comparative size and form of the pulp-chamber
and canals during the development of the tooth are shown in figure 144,

Dentin

Pulp Chamber

Enamesl]

gth year p1th vear 13th vear 15th vear 18th year

Fig. 144.—FPulp-cavities in the upper second molar, from the ninth to the eighteenth year.

extending from the ninth to the sixteenth or eighteenth year, at which
latter period the crown and roots of the tooth are fully calcified
externally.
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Upper Third Molar.—In this tooth the conditions are so variable
that a description of the PLI]I.:I-CEWEU' taken from a single tooth would be
insufficient. In the majority of instances the outline of the tooth-
crown approaches the trian-
gular form, and in consequence
the pulp-chamber is triangular
rather than quadrilateral or
oblong. The mesial border of
the chamber is the longest, the
distal next in length, and the
buccal the shortest.of the three.
The horns are generally less in
number and much less pro-
nounced than those of either
the first or second molars. g I
The floor of the chamber may .'I\ f ))
be broken by irregularities = e P —/— Enamel

/

similar to those previously de- \
bty . . b ] it Dhstolingual Cuasp
scribed, or it may be entirely e it

absent, this latter condition
occurring when the tooth has
but a single root accompanied
by a single canal. The various stages of development having been
given in connection with the general description of the tooth, no
attempt will be made to describe this by longitudinal sections, the com-

Foramen
Foramen

Mesiobuceal Raat

Distobuceal Root
Dentin

Cementum

Lingual Root

Dentin

Pulp Chamber

Fic. 145—Upper second molar longitudinal
section of crown and roots,

A B C

Fi16. 146.—Longitudinal sections, upper third malar, slightly enlarged.

plications in root-form making such a proceeding impracticable. Instead
of so doing, the space will be devoted to a brief description of the
variety of pulp-canals found in this tooth. Probably the most frequent
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from mesial to distal, and as a result of this the canal will also be much
flattened. The canal of this tooth is seldom divided. Fig. 149, shows
a number of transverse sections, which will give an idea of the form of
the cavity at various parts of the tooth root.

Lower Bicuspids.—The pulp-cavities of these teeth may be best
described collectively, thus affording an opportunity for comparison.

F16. 150.—Sections of lower bicuspids,

Unlike the upper bicuspids, it is seldom that the canals are definitely
separated from the chambers. That part of the cavity within the crown,
however, is usually quite wide from buccal to lingual, and unites with
the canal by a long funnel-shaped constriction. The center of the
pulp-chamber may be considered as being about on a level with the
cervical line. In the first bicuspid the pulp-cavity is provided with a
single horn, which extends with more or less prominence in the direction
of the buccal cusp. That part of the chamber facing the lingual cusp
is usually rounded off. In the second bicuspid the occlusal wall of the
pulp-chamber generally presents a different form; two well-defined
horns are usually present, of which the buccal is the longest; or the
chamber may be prominently rounded at these points. The pulp-
chamber of the second bicuspid is generally larger than that of the first.
The canals of these teeth are usually circular throughout, and are read-
ily penetrated until the apical thirdis reached, beyond which point they
are extremely small. In some instances the canal divides near the
center of the root, and is continued as two canals, ending in distinct
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in the first than in the second molar, and still less clearly defined in the
third than in the second. The roots of the first molar being somewhat
further apart than those of the second, the floor of the chamber in the
former is slightly more extensive than in the latter. To study the
pulp-cavities of these teeth a longitudinal section should be made
through the center of the tooth from mesial to distal. Fig. 153, A,
shows such a dissection through the first molar, and illustrates the aver-
age size and form of the chamber and canals at adult age. The canals
join the chamber by a funnel-shaped opening, and but little difficulty

A B c

Fi1G, 153.—Sections of lower molars, enlarged about one-third.

will be found in effecting an entrance, but to follow them to their apices
will be more perplexing. The roots of this tooth being much flattened
from mesial to distal, the canals are also flattened in this direction, but
broad from buccal to lingual. The entrances of these canals may be
found at the extreme mesial and distal margins of the pulp-chamber, and
usually extend from the buccal to the lingual walls of the cavity. Itis
not uncommon for the mesial canal to divide soon after leaving the
chamber, and continue as two canals, ending in separate foramina
(Fig. 153,B). This condition is seldom present in the distal canal, which
is usually straight from its mouth to the apical foramen. The capacity
of the pulp-chamber is usually a trifle less than that of the first molar,

and the entrances to the canals are somewhat nearer together. In other
14






CHAPTER XI

The Deciduous Teeth, Their Arrangement, Occlusion, Etc.; Calcifi-
cation, Eruption, Decalcification, Shedding Process, and Average
Measurements; Their Surfaces, Grooves, Fosse, Ridges, Sulci,
and Pulp-Cavities.

THE DECIDUOUS TEETH

Central Incizor Lateral Incisor Cuzpid First Molar Second Molar

Upper

Lower

Central Incisor Lateral Incisor Cuspid Firat Molar Second Molar

F16. 155.—The deciduous teeth, upper and lower, from the left side of the mouth.

As implied by the word deciduous, these teeth are temporary in their
nature, and, after subserving the purposes of early childhood, are
thrown off by an operation of the economy to give place to the per-
manent organs.” The shedding process takes place in the incisors
between the seventh and eighth years, in the molars from the tenth to
the eleventh years, and in the cuspids about the twelfth year. This
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226 ANATOMY

root. One very important distinction between the pulp-chambers
and canals of the deciduous teeth and those of the permanent organs is
that the former are proportionately larger. It must also be noted that

Chart showing calcification and decalcification of the deciduous teeth and
the consequent length of the pulp-canal al various periods.

170.

Fic.

_E-E" _"-'“_;I = = L.-in_'-._' HI.-' = =

e =] 3 = e e
e e e By o= o
Ed Fa er o By DS L o e
L e e e = ] ] e
L | = T o = .= = g
g Esw £wm FoE
= il [+

L
UL RS B0 WO Eda(]

the apical foramina in these teeth are so transitory in their nature that
there remains but a very brief period during which the canals may be
said to be fully formed. It will be recalled that in a very short time
after the roots have become completely calcified, decalcification begins,
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enumerated there is a corresponding variety of forms in which connec-
tive tissue is found represented in the body.

We have stated above that connective tissue takes its origin from
the mesoderm. With the advance in the differentiation of the ectoderm
and entoderm the derivatives of these two layers gradually become
separated from one another, and the changes of the mesoderm follow
closely in their steps. It becomes split into two secondary layers, one of
which attaches itself to the derivatives of the ectoderm, ready to serve
them with the above-enumerated functions, and is called parietal meso-
derm, while the other plays the same rble in regard to the derivatives of

F16. 184.— Diagrams of transverse sections through the body of an embryo of a verte-
brate. It shows the relation of the three germinal lavers, ecl., Ectoderm; ent., entoderm;
mes., mesoderm: coe., coelom or bedy cavity; sk., beginning of skeleton; »., beginning of
spinal cord; g, lumen of the gut. (After Galloway.)
the entoderm, and is called visceral mesoderm. The gap, which remains
between these two secondary layers, is known as the body-cavity or
coelom. The characteristic feature of the mesoderm tissue is that the
cells do not lie side by side and form continuous layers, but are separated
from one another, sometimes quite considerably, and the spaces between
the cells are occupied by a substance somewhat gelatinous in consistency
which is called intercellular substance and is obviously a product of the
cells themselves. The cells are stellated or spindle-shaped, and their
thinned-out processes unite and interlace with one another, forming a
network. The formation of the various forms of connective tissue from
the mesoderm in course of development is due mainly to the differentia-
tion and various chemical changes which that intercellular substance
or malrix undergoes. In view of the fact that the intercellular sub-
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pendent of one another. In peripheral organs, as muscles, glands, and
blood-vessels, the tufts are in direct organic connection. In the cen-
tral nervous system the end-tufts are in more or less intimate relation
with the dendrites of other neurons.
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Fic. 180.—A. Multipolar cell from cerebral cortex: B. multipolar cell from spinal cord;
. pyramidal cell from cercbral cortex; D. unipolar cell; E. bipolar cell; F. cell of Purkinje,
antler cell; G. mossy cell; H. spider cell; I. cell from spinal cord of an ox, showing pigment
granules; K. ganglion; L. sympathetic or amyelinated fibers; M. longitudinal section of
myelinated nerve fiber—a. neurilemma; b, myelin sheath; ¢, axis eylinder: 4, node of Ran-
wvier; ¢. nueleus: N. cross-section of osmicated nerve fibers; 0. myelinated nerve fiber of a
guinea-pig, showing the reticulum; P. myelinated nerve fibers of a toad, showing reticulum
(neurokeratin); B. motor neuron, showing nerve cell, dendrites, axis cylinder and ending of
latter in a muscle; S. cross-section of nerve trunk. (Radasch.)

Nerves.—Nerves are to be regarded, therefore, as groups of axons,
with their medullary investments connecting the peripheral organ with
the central nervous system.
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thickest. The mucous membrane forming the labial frena is covered
by an epithelial layer which is much thinner than that distributed to
other parts of the lips. The fibers in these are irregularly distributed,
and the papille are small and not so numerous. The coronary arteries
and their accompanying veins course through the lips near the junction
of the transitional with the mucomembranous portion of the mucous
membrane.

Mucous Membrane of the Cheeks.—The mucous membrane of the
cheeks presents but little variation in its structure from that of the

Fig. 206.—Section through the mueous membrane of the cheek, showing the papille of
the mucosa in transverse section.

mucomembranous portion of the labial mucous membrane. The buc-
cal epithelium is the same in structure and thickness as that of the lips,
excepting the disposition of cells in the middle layer, where they are
greater in number and more closely associated, being somewhat dis-
torted by contact. The papille, which project from the mucosa into
the epithelium, are somewhat broad at their base, with elongated extrem-
ities, the height of which is quite variable, in some instances penetrat-
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ing well into the epithelium, at others merely entering its deeper layer.
At the anterior portion of the cheek, or that in the region of the angle
of the mouth, the mucous membrane, by its submucous portion, is in
immediate contact with the fibers of the buccinator muscle, and through-
out the entire surface of the cheek it is closely associated with this
muscle. The membrana propria is dense immediately beneath the
epithelium, but as the buccinator is approached it becomes much
less so.

Mucous Membrane of the Gums.—The gingival mucous membrane,
on account of the numerous tendinous fasciculi which enter into its

Epithelinm

Fi1G. 207.—Section through the gums, showing epithelium and basement membrane.

construction, is extremely dense and tough, these characteristics
being more strongly manifest here than in any other portion of the
oral mucous membrane. These qualities are especially pronounced
about the gingival margins and over the major portion of the alveolar
walls, being closely bound down to the bone by direct prolongations of
the tendinous fasciculi of the periosteum which penetrate the mem-
brane. As the gingival mucous membrane passes into that of the lips


















CHAPTER V

Other Structures Within the Mouth—The Gums—The Alveolodental
Membrane— Glands, Ducts, Etc.

The Gums (Gingive).—The gums are formed by a layer of tough
fibrous vascular tissue, covering the alveoli, closely attached to their
periosteum, and provided with a free margin (gingival margin), which

Fig. 211.—Section through gingive and alveolus.

is closely molded but not attached to the necks of the teeth. They are
covered on both aspects by the general mucous membrane of the mouth,

that overlying the labial and buccal surfaces being reflected fmm_l:he_!,lips
28g
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the substance of the mucous membrane. Beginning as a single duct
for each gland, they pass to the submucous tissue, here branching into
two or more smaller ducts terminating in alveoli, the number and size of
these depending upon the size of the gland with which they are con-
nected. The glands are variously named according to their location,
those occupying the lips being known as labial glands: those of the
cheeks, the buccal glands and molar glands; those of the palate, the
palatal glands, etc. The mucous glands, although differing in size, are
similar when histologically considered.

Fi16. 213.—Section showing muscular and glandular tissue of the tongue, 3 40.

The Glands of the Lips (Labial Glands).—The glands of the lips are
situated in the submucosa, and are first observed immediately within
the line of labial occlusion, at which point the thickness of the epithe-
lium becomes somewhat definite and general. These glands are vari-
able in size, but all are sufficiently large to be observed without the aid of
the microscope. They are of the compound tubular variety, and com-
municate with the surface through an excretory duct, which throughout
the greater part of its extent is lined with stratified, scaly epithelium.






























CHAPTER VI

Tissues of the Teeth—Enamel; Dentin; Cementum; the Tooth-
Pulp—The Alveolodental Membrane

TISSUES OF THE TEETH

Enamel.—The enamel, which forms a cap-like covering of varying
thickness over the entire crown of a tooth, is a vitreous, hyaline sub-

FiG. 216.—S8ection of enamel from huran tooth (specimen by J. Howard Mummery).
¥ 350. (After Willioms.)
stance, of epithelial origin, containing but little, if any, organic matter
as a result of which it is the hardest tissue in the body. The thickness
305
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but more recent investigation has shown the cause to be the presence of
varicosities in the individual rods similar in many respects to the vari-
cosities in voluntary muscle fibers, and which produce the striated
appearance in that tissue. Some authorities have asserted that normal
enamel is non-striated, claiming that they are due to the preparation
of the specimen, which usually being mounted in Canada balsam is
influenced sufficiently from the slight acid reaction to produce the
striated appearance. These statements Leon Williams emphatically
denies, saying that, while in some specimens the varicosities are scarcely .
apparent in some parts, they are decided in others. If this be accepted,
it would seem to entirely overthrow the theory in regard to the action of

ey Lentin

Enamel

FiG. 218, —Comparison in the appearance of the enamel and dentin under low power
of the microscope. X 4o0.

the acid, which would be distributed to all parts alike. In addition to
this the varicosities may be seen when specimens are mounted in media
other than Canada balsam.

It is now generally conceded that the striated appearance in enamel
is due to the presence of actual varicosities which exist in the individual
rods or prisms, this resulting from the globular like deposit of lime
during the process of formation.

According to Williams, the varicosities of one enamel prism, are op-
posite those of the adjoining prisms and by the coming together of the
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varicosities the prisms become united by means of processes which they
send out. In like manner the varicosities upon the same rod are con-
nected by processes running parallel with the prism. According to
Von Ebner, enamel is traversed by numerous minute canals, and Heitz-
mann claimed to have found organic fibers in its substance. Williams,
while admitting the enamel structure to be far more complex than past
research has shown, appears to have fully demonstrated that neither
canals nor organic fibers are present—in fact, he denies the presence of
the least trace of organic matter in this structure. The interprismatic
substance at one time considered by some authorities to be an organic
structure, is now known to be a transparent, inorganic substance.

Enamel Epnamel
Rods Fully , Rods Not
in Trans- Fully in
VErEe Sec- Transverss
tion Section

Enamel Enamel
Rods vari- Rods of
ously Dis- Lrregular
tributed Porm

Fi16. 219.—Human enamel. Transverse ground sections. (After Gvsi,)

Williams by numerous experiments was enabled to secure a specimen in
which the interprismatic spaces of one layer were not backed up by the
rods of another layer. In some instances the specimen showed the
rods well separated and the interspace closed by a perfectly transparent
substance, in the interior of which might be seen connecting processes
passing from one rod to another. That the enamel is entirely made
up of inorganic material, and therefore not capable of transmitting or
receiving sensations, may be demonstrated by the simple experiment of
immersing a thin section of this tissue in a weak solution of chromicacid,
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the result of which will be a speedy separation of the enamel prisms
which have been liberated by the destruction of the interprismatic
substance. Chromic acid is one of the best preservatives of organic
tissue known, and if the cementing substances in enamel were organic or
even partly so, the prisms by this test would not be freed, but instead
would become more firmly cemented together. Therefore we infer
from this that the interprismatic substance is even less highly organic
than the prisms themselves, these not being acted upon until after the
material which holds them together. In addition to the striated ap-
pearance formed by the varicosities of the individual prisms of fully
developed enamel, other markings of a different character, and upon a

F1G. 220.—Thick section of enamel of human tooth, showing brown strie of Retzius. X 40,

much larger scale, are present and known as the “brown strie of Reizius”
(Fig. 220 and 221). These markings, readily seen with a low power, are
of a brownish color, and run nearly parallel with the surface of the den-
tin or enamel. Those striz nearest the surface of the dentin are inclined
to follow the contour of that structure, extending in many instances the
entire length of the crown. The lines nearest the surface are the long-
est in the region of the incisal-edge, or occlusal surface of the crown,
becoming shorter as the neck of the tooth is approached, being directed
at an acute angle to the surface of the dentin at that point. A number
of theories are advanced to account for the presence of the “brown
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thus be seen that the completed enamel organ consists of four divisions
or layer of cells. Beginning with its convex surface is an external
epithelium or outer tunic, successively followed, in passing toward the
dentin papilla, by a stellate reticulum, stratum intermedium, and an
internal epithelium or inner tunic. As the growth of the enamel organ
proceeds, the tooth-band becomes smaller and smaller in size, until

FiG. 225.—Section of a developing tooth of lamb. X 6oo. a, Ameloblasts; D, dentin,
P, dental pulp.

finally a complete rupture takes place. This rupture however, does
not occur until the enamel organ has about or fully completed its
development, and, after remaining so long under the influence of the
oral epithelium, it must be considered, as before stated, an epithelial
structure. It is through the agency of the internal epithelial cells of
the enamel organ, the emamel cells or ameloblasts, that calcification
of the enamel takes pace, which subject will next be considered.
The Calcification of Enamel. Amelification (Fig. 225 and 226).—
Two general theories have been advanced in regard to the calcification
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of newly formed enamel, and do not consider it as a structureless mem-
brane, figure 226, A,

As to the formation of the enamel rods, Andrews, in 1894, referring
to the presence of calcoglobulin in the enamel cells considered these
refractive bodies as calcospherites, which, after being taken up by the
ameloblasts, were excreted by them, and after coalescing formed

Ameloblasts

Position of Capillary Loop

FiG. 226, A.—Section of incisor of rat, showing partial decalcification of enamel. ¥ Goo.
{After Willioms.)

globules of larger size, from which the rods were built up.  Williams
partly agrees with this statement, but he is of the opinion that the calco-
spherites coalesce while in the ameloblasts, forming large, spheric bodies,
but that the deposit of this substance is in no way productive of building
the enamel rods. The theory of Tomes in regard to the forming of the
enamel rods was that the walls of the ameloblasts themselves became
calcified, while the contents of the cells also became solidified, the first
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forming the interprismatic substance, while the second became the
enamel rod. Whatever theory be accepted as to the formation of the
enamel rods or prisms, there appears to be no question in regard to
the general process of enamel calcification. In the first place, an organic
matrix is formed, into which the first-formed layer of enamel is de-
posited. Gradually the organic matter disappears, leaving behind the

Fi1G. 227.—Section of developing tooth of embryo lamb. ¥ 150.  (After Williams,)
¢, Forming dentin; b, forming enamel; ¢, stratum intermediam; d, inner ameloblastic
membrane; ¢, outer ameloblastic membrane; f, ameloblasts.
inorganic elements closely resembling in appearance the organic mat-
rix, which it has by atomic change supplanted. The true nature of the
interprismatic substance is also one upon which various writers disagree.
Some authorities believe that the interprismatic is partly organic,
basing their opinion upon the fact that the ameloblastic cells, in common
with all epithelial cells, are separated from one another by a homo-
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geneous intercellular substance, and that a certain proportion of this
organic substance must remain between the enamel prisms after calci-
fication. Sudduth, by a series of experiments made some years ago,
appeared at that time to have furnished conclusive proof that an organic,
interprismatic cement-substance does not exist between the enamel
prisms of fully developed enamel. By the use of a dilute solution of

FiG. 228 —Partly decalcified enamel.

chromic acid, the action of which is the preservation of organic sub-
stance, the prisms were liberated, which would not have been the result
had they been cemented by an organic cement-substance. By substi-
tuting dilute muriatic acid, the action of which is the destruction of
organized tissue, the prisms were not liberated, the acid acting evenly
upon the whole mass of enamel, and finally resulting in its complete
destruction, not leaving the slightest trace of an organic matrix behind.
Williams claims that this transparent cement-substance is formed by
the distribution of a translucent liquid substance about the previously

21
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investment over the pulp, from which it is generated. It is white
or slightly yellowish-white in color, somewhat elastic, and a trifle
harder than bone, which it resembles in many of its characteristics.
In a perfectly developed tooth no part of the dentin appears upon the
surface, that part within the crown being covered by the enamel, while
that of the root is inclosed by the cementum. While the thickness of

" Dentin
Enamel

Fic. 230.—8ection through crown of human cuspid., ¥ 30.

the dentin varies somewhat over the different parts of the tooth, there
is a decided disposition to an equal distribution in every direction.
Dentin, unlike enamel, consists of an organic matrix—a reticular tissue
of fine fibrils richly impregnated with the salts of calcium, in this resem-
bling the matrix of bone. Traversing the matrix are long, fine canals or
tubes—the dentinal tubules—which beginning at the walls of the pulp
cavity reach out and penetrate the entire substance of the dentin.
Immediately surrounding the dentinal tubules the matrix is especially
dense, forming a lining or sheath to the tubes, known as the dentinal
sheaths. Occupying the lumen of the dentinal tubules are solid elastic
fibers—the dentinal fibers. Dentin, therefore, presents for examina.
tion, first, the matrix; second, the dentinal tubules; third, the dentinal
sheaths; and fourth, the dentinal fibers.

The Mairix.—As previously stated, the matrix is composed of or-
ganic and inorganic substances, but the proportionate quantity of
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doubtful if they actually do this. The branches from a main tube are
usually two in number, the latter being almost equal in diameter to the
former, and from this first set of branches a number of minute branches
are given off almost at right angles. In the crown this latter class of
tubules are seldom observed, excepting near the dento-enamel junction,
but in the root they are everywhere noticed. Small varicosities are
frequently present, but not in sufficient numbers to produce a striated
appearance on the surface of the dentin,

The Dentinal Sheaths—While the dentinal tubules ramify through
_the matrix in the form of well-defined channels, the walls of the channels

Fi1c. 233 —Longitudinal section through root of human molar. Branching of the den-
tinal tubules. X zoo.

are not formed by the matrix, but by an indestructible substance the
exact character of which is not fully understood. The walls of the
tubes, or the dentinal sheaths, as they are termed, are believed by some
histologists to be calcified, while others, though acknowledging their
apparent indestructibility, are doubtful as to the correctness of this
theory. Neumann being the first to accurately describe the walls of the
tubules, they have become known as “Neumann’s sheaths.” The
existence of the dentinal sheaths may best be demonstrated by subject-
ing a section of dentin the action of strong acid for a sufficient time to
destroy the intervening matrix, which process usually requires several
days. The fibrous mass remaining will be found to contain a collection



328 HISTOLOGY

of tubes, which, however, by careful examination, are found not to be
the dentinal tubules themselves, but the walls of these canals. Tomes,
while inclined to the belief that the tubes are provided with definite
walls, suggests that they may have been produced artificially during the
preparation of the specimen, and that they are only brought into exis-
tence by the action of the agent used for this purpose. In conclusion,
the same writer adds that that part of the matrix immediately surround-

Fic. 234.—Transverse section through root of human molar, showing the curvature of
the dentin tubules about the pulp-canal, X a0,

ing the fibril differs in its chemic constituents from the body of the
matrix. :

The Dentinal Fibers—Occupying the lumen of each dentin tubule is
a soft, elastic fiber, which is continuous with and has its origin from the
odontoblastic cells upon the periphery of the pulp. The existence of
these elongated processes of the odontoblasts having first been demon-
strated by Tomes, they are otherwise known as Tomes’ fibers. By
means of these fibers, which not only fill the lumen of the larger tubes,
but the minute branches as well, the substance of the dentin is both
nourished and rendered slightly sensitive. There is still some doubt as
to the real nature of the fibrils, but, if they are processes from the
odontoblasts, it would appear that the substance would be identical with
that of the cell-protoplasm. Bodecker claimed that they are not round
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but inclined to angularity, but Tomes infers that this form has been pro-
duced by the action of some reagent. Klein advanced the theory that
the odontoblasts are active in the generation of the matrix for the dentin
only, and that the dentinal fibrils are not processes from them, but
originate from cells intervening between the odontoblasts and connect-
ing with the dentin tubules. It has never been fully demonstrated that
true nerve-fibers enter the dentin along with or in the substance of the

Fic. 235 —Longitudinal section through root of human tooth, showing primary curva-
ture of dentin tubules. X 4o.

dentinal fiber, but, while the evidence is not at present forthcoming,
there is but little doubt that the sensitiveness of the dentin is produced
by the presence of organized tissue in the tubuli. Some contend that
the contents of the tubules are made of, first, a creative portion, that
given off directly from the odontoblasts; second, a circulatory portion, a
minute vessel traversing each tubule, entering either by the side of the
cell-bodies or passing through them, and that the nerve terminals are
distributed in the same manner. Others say that minute nerve-fila-
ments from the pulp pass directly through the odontoblasts and are
continued in the center of the tubule surrounded by a simple connective
tissue, the cell process, and that in this way sensations are conveyed.
It is now generally conceded that dentin is a highly organized connec-
tive tissue; that it has a circulatory system and is endowed with sensa-
tion to a slight degree; that these conditions are brought about not by
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as the dento-enamel function leaving a positive clear line of separation
and a surface absolutely devoid of anything resembling the prolon-
gation of the fibers extending from the surface of the dentin.
Interglobular Spaces.—In that part of the dentin which immediately
underlies the cementum numerous intercommunicating, irregularly
branched so-called spaces are found. These are known as the inter-
globular spaces (Fig. 238). On account of the granular appearance
which these so-called spaces collectively exhibits under low magnifying
power, Tomes has designated this as the “granular layer.” A some-

FiG. 238 —So-called interglobular spaces in dried section of dentin, X 100,

what similar granular layer is also found upon that portion of the den-
tin which underlies the enamel, but in this region it is far less marked.
Many of the dentin tubules have their endings in these spaces. While
the interglobular spaces are most numerous near the peripheral portion
of the dentin, they are by no means confined to these parts. They are
present in all parts of the dentin, but not so closely associated, and may
be observed, when a dried section of dentin is examined, as spaces
with irregular outlines and sharp-pointed processes extending in various
directions (Fig. 238). The term ‘“interglobular spaces” becomes
partly a misnomer when the so-called ‘“spaces” are more carefully
examined. In normal dentin the *spaces” are filled with a soft,
living plasma, having a structural arrangement similar to the general
matrix of the dentin, and it is only in a dried specimen that a true
space is found by the shrinking or shriveling of the organic contents.
The interglobular spaces forming the granular layer, which are much
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closely associated or crowded together, but previous to this time there
is more or less space between them, which is filled with an indif-
fent substance. The first layer of dentin being formed upon the surface
of the papilla, it will be observed that all additions to its bulk take
place from within the tissue therefore growing from without inward
(the reverse being true of enamel).

F1G. 240.—Bection through pulp and forming dentin.

As stated elsewhere, calcification of the dentin begins upon the
coronal extremities of the crowns, the incisal-edges of the incisors and
cuspids, and the summits of the cusps in the cuspidate teeth first
receiving their lime-salts. While the odontoblasts are directly con-
cerned in depositing the lime-salts to form the dentin by a secretary
process, this does not take place around the cells, and in that way
completely encapsule them, but around their fibrils. While this is
taking place the odontoblasts remain free upon the surface of the pulp,
and the fibrils assume their places as the organic dentinal fibrils. As the
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In this connection the query presents itself in regard to the manner
in which the intercommunication between the dentinal fibers is estab-
lished, and the probable cause for the so-called interglobular spaces
about the periphery of the dentin. The former can probably be ex-
plained by an examination of the peripheral cells of the pulp at a time
immediately prior to the beginning of calcification, when it will be
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F1G. 241.—Young odontoblasts attached to forming dentin.

found that these primitive odontoblasts communicate with one another
in a manner quite similar to the canaliculi between the lacunz of the
true bone, the connecting processes later becoming encapsuled within the
substance of the calcifying tissue.

Figure 242 is taken from a very thin section of a growing tooth at
a time in which we would most naturally look for the appearance of the
interglobular spaces, and many such imperfections, if they be so classi-
fied, are observed within the substance of the newly formed tissue. |

Exceptions might be taken to the statement concerning the racemose
appearance of the early odontoblasts previously referred to, by claiming
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the section to be one not directly through the long axis of the cells,
or perhaps transversely through them. The examination of a number
of sections, one of which is shown in figure 243, shows the cells cut
transversely; the forming dentin at @ appears with the tubuli squarely
cut off, showing the dentinal fibers confined, or rather appearing as

F1G. 242.—Section through erown of growing tooth of lamb.

though projecting from the lumen of the tubules. It will also be noted
that the odontoblasts are irregular in outline, some of them being almost
hexagonal, and as the calcified tissue is approached, they gradually
become reduced in size and much modified in contour,

After a dentin cap or matrix of considerable thickness has made its

appearance and the enamel cells are about to assume their functional
a2
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The Matrix—The matrix is so nearly identical with that of bone
that it is with difficulty that they can be distinguished. By decalcifica-
tion it retains its form and structure, and by the intimate blending of
organic and inorganic substances it is provided with hardness, solidity,
and elasticity. Calcium salts and collagenous fibrils, united by a small
amount of cement-substance, in finer or coarser bundles, compose the
ground-substance, or matrix, of cementum,

Let us first take up the study of this tissue at different periods of
its existence, and in this manner learn of its character, its mode of

Fi16. 246.—Longitudinal section through root of human molar.
Incremental lines of cementum. X 3o0.

development, and the changes which take place as its growth proceeds.
The striated markings of the tissue have led to the belief that there
are, during the process of formation, periods of activity and periods
of rest or little activity. An examination of the structure under low
power (Fig. 246, shows the incremental lines or lines of growth placed,
with more or less regularity, one beyond the other, and when
thus studied adds much to the strength of the theory of interrupted
development.

Figure 247 is prepared from a developing deciduous incisor three
months after birth. At this period the developing organ is made up of
enamel and dentin alone, the development of cementum not yet being
under way. The establishment of the dentinal periphery, which surface
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blending of the cemental tissues with the dentinal tissues through the
medium of the granular layer, and by the further calcification of the
latter this union gradually becomes more firmly established. Figure
255 illustrates three distinct zones of developing cementum; the older
unbroken granular zone at A, now cemented to the granular layer; a
second or intermediate zone, B, having encapsuled within its ground-

FiG. 248.—Developing cementum, from six-month-old tooth., % 200,
a, Developing cementum; &, granular layer; ¢, terminals of the dentinal tubuli.

substance many of its formative cells; and an outer zone, C, but recently
laid down, showing numerous, longitudinal, wave-like striations, em-
blematic of cementoblastic activity. In this outer zone the minute
laminations disappear as the tissue becomes more thoroughly calcified
and the matrix gradually partakes of the nature of the older tissue.

The position occupied by the cementum on the root has much to do
with its character. In the region of the cervix the cement-corpuscles
are few in number, and when present possess extremely short and irregu-
lar processes. In the region of the apex the structure is much more
complex in character, longitudinal strize, transverse fibers, cement-
corpuscles, and zones of apparently unbroken granular matrix all serv-
ing to this end.
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To continue the study of this tissue let us examine in detail the
lamellx, the cement-corpuscles, and the cement-fibers.

i
ibers of f i

F
Cementum L

' Granular
Laver

Fic. 240.—Section through one-year-old tooth. X 6o,

F16. 250 —Developing cementum, from transverse section of bicuspid., X I00.

The Lamelle—We are told that the lamelle are about the same in
number over all parts of the tooth-root, but that they are much thinner
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at the neck than at the apex. In addition to this they are usually con-
sidered as running parallel, or nearly parallel, to the surface of the
dentin. While these statements might, and probably do, describe the
disposition of the lamell® in young cementum, they do not apply with
so much certainty to the conditions after the adult period. The lamelle
in the region of the apex are not only of greater width, but are usually
greater in number than those occupying the cervix of the same root.

FiG. 251.—Transverse section from root of bicuspid, showing variation in the disposi-
tion of the lamell®., ¥ 40.

Figure 251 is prepared from the transverse section of an adult bicus-
pid in the region of the apex, and shows how the disposition of the
lamellz may vary in thin, normal cementum. At A, which represents
the granular union of the cementum with the dentin, the incremental
lines are observed to follow the surface of the dentin. As the center of
the area is approached this regularity is much interfered with, some of
the lamellz being discontinued, others greatly thickened, while the
field, taken in its entirety, exhibits anything but regularity in the laying
down of the different strata. This same condition may be observed in
longitudinal section. While the lamelle are usually characteristic of
the cemental tissue in general, they are seldom found in interdentinal
cementum, or that growth which takes place between the roots, result-
ing in their fusion (Fig. 252). This, of course, refers to the tissue as
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are plentifully distributed to a region comprising three or four lamelle,
followed by a zone of similar proportions in which they are entirely
absent. The cement-fibers, considered as the partially calcified residue
of the principal fibers of the alveolo-dental membrane, would naturally
assume a general direction relative to their manner of distribution
before this change had taken place, and in most instances they are thus
disposed. In figure 256, taken from the center of a long axis of a
growing bicuspid, the disposition of the fibers, which are alone observed
in the second lamella, is slightly crownward. The inclination for the

F1G. 255.—Transverse section through root of molar, showing cemental fibers. X Fo0.

fibers to be thus disposed is most pronounced in young cementum, but
after middle life, or at a period when the tissue has greatly increased in
thickness, the course of the fibers, even in the same locality, is greatly
at variance.

In figure 256, also from a young tooth, the fibers are shown springing
directly from the alveolo-dental membrane, with their free extremities
penetrating this structure, This illustration is prepared from a trans-
verse section in the cervical region, and the inclination of the fibers is
such as to warrant the belief that they were some of those belonging
to the dental ligament whose function it has been to return the tooth
to its normal position when slightly rotated upon itself. Another
class of fibers common to the cement-tissue are those which appear
to be grouped in bundles, springing more or less regularly, at intervals,
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from the granular layer and penetrating the basement layer of the
cementum as though serving to tie this tissue to the periphery of the
dentin. In figure 257 a number of these bundles are shown at A, B,
and C. While the field is but a small proportion of the circumference
of the root, they are observed, under low power, to be distributed in a
like manner to all parts. These circumferential fibers, as they may be
called, are also observed in longitudinal section, being distributed with
considerable regularity throughout the whole extent of the root. They

Fic. 250.

are also present in the tissue at the earliest period at which it may
be studied, the individual bundles at this time being proportionately
larger. These might be, and probably are, considered as prolonga-
tions from the dentinal fibers, but it is doubtful if the true fibers of the
dentin are ever found penetrating the cementum.

Calcification of Cementum, Cementification.—We shall see in the study
of the development of the teeth, that the tooth-generating organs
were confined in a closed sac—the dental sacculus, and while the walls
of this sac are not directly interested in the calcification of the dentin
or enamel, this cannot be said of the cementum. Attention has also
been directed to the fact that at the time of the eruption of the crown
of the tooth a portion of the root only is calcified. As the growth
of the root continues, the saccular wall becomes closely adherent to it.
Upon the inner face of this vascular membrane cementoblasts make
their appearance and from the activity of these the cementum is
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off. As stated, the distribution of cells varies considerably in different
parts of the pulp, this being true not only as regards numbers, but also
as to the relations existing between the cells. In the coronal portion of
the pulp the position assumed by each individual cell appears to be
without regard to the position of neighboring cells, while in that por-
tion of the pulp occupying the root-canals the cells are arranged parallel
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Fic. 250.—Transverse section through pulp. Blood-vessels and nerves in cross section.

with the root. The cells are least in number in the interior of the pulp,
but gradually become more plentiful as the periphery is approached.
(See Cells of Dentin Papilla, page 400.)

The Odontoblasts (Fig. 260).—The most active cells of the pulp are
those directly on its periphery, in contact with the dentin, responsible
for its growth, and known as the odontoblasts. The odontoblastic
laver, otherwise known as the membrana eboris, is composed of a single
row of cells, each of which contains, near the extremity most distant
from the dentin, a well-defined nucleus. They are large, elongated
club-shaped cells, each furnished with three sets of fibers or processes—
the pulpal process, the lateral process, and the dentinal process. The
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pulpal process or processes—there may be more than one present—
communicate with the deeper-lying cells of the pulp, while by means of
the lateral processes the cells are brought into communication with
neighboring cells. The processes given off in the direction of the dentin,
or the dentinal processes, may be one for each cell, in which case they
are of considerable size, and are inclined to taper as they enter the
substance of the dentin. Again, a single cell may give off a number of
smaller processes in this direction. The odontoblasts vary much in
form according to their functional activity. Before the period of
dentinification they are spheroid or pyriform, during the period of
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Fi1G. 260.—Pulp and dentin in longitudinal section.

calcification the dentin extremity becomes somewhat flattened and
square, while in advanced years they again return to their primitive,
rounded form. Covering the entire surface of the pulp, the odonto-
blasts are especially closely associated at the end nearest the dentin,
forming an unbroken layer, while the pulpal extremities are inclined to
assert their individuality by disassociation.

Blood-vessels of the Pulp.—The pulp is richly supplied with blood-
vessels, forming networks extending principally in a direction parallel
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to the long axis of the tooth, and finally terminate in a capillary plexus
closely associated with the odontoblastic layer. The veins of the pulp
are ordinarily somewhat larger than the arteries, and form numerous
anastomoses. This organ appears to be destitute of lymphatics—at
least, none are known to occur in its substance. The blood-vessels of
the pulp are provided with a longitudinal layer of thinly distributed
muscular fiber, but otherwise the walls of the vessels are noted for their
delicacy.

Fic. 261.—Section through pulp. Fig. 260 in transverse section.

Nerves of the Pulp.—After entering the apical foramen either by one
large trunk or by two or more minute ones, the fibers pursue a parallel
course, breaking up but little or giving off but few fibers in that portion
of the pulp confined to the canal. When the expanded to coronal por-
tion of the pulp is reached, numerous subdivisions occur which are dis-
tributed in every direction, and ending in a rich plexus beneath the
odontoblastic layer, or membrana eboris. In the body of the pulp the
fibers are medullated, but those occupying the periphery are non-
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medullated and supposed to pass into the dentinal tubules. While
this latter hypothesis is in all probability correct, such a distribution of
nerve fibers has never been definitely demonstrated. Two investi-
gators (Ball and Magitot) claim to have partially satisfied themselves
in regard to the final distribution of the non-medullated fibers. The
former states that he had traced these fibers into continuity with the
larger medullated fibers in the deeper pulp-tissue, and claims to have
found them passing through the membrana eboris, beyond which point
they assumed a direction parallel to the dentinal tubules. This theory
is controverted by Magitot, who claims that the dentinal fibers are, in a

Branching of Main
MNerve-trunk into
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Branching of Main
Blood-vessels into
Capillaries

Main Nerve-trinl e

Main Blood-vessels

FiG. 262, —Distribution of blood-vessels and nerves to the pulp of human molar.
(Afier Gysi) ¥ aa.
measure, themselves prolongations of the nerves, being so constituted
through the medium of the branched stellate cells which lie immediately
beneath the membrana eboris, and by which the nerves are made
continuous.

Alveolodental Membrane (Figs. 263 and 264).—As a general descrip-
tion of this membrane has already been given in Chapter V, it alone
remains to treat of its histologic character, which may best be accom-
plished by first referring to its various functions. These may be divided
into three classes—generative, physical, and sensory. The generative
function is accomplished through its cellular elements—the osteoblasts
and cementoblasts; the physical function is performed by the fibrous
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F16. 263 —Transverse section through root of human incisor and surrounding alveolar
wall, with alveolodental membrane intervemng. X 40.
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Fic. 264.—Section through root of tooth, alveolodental membrane, and alveclus,
u, Alveclus; b, blood-vessel; ¢, alveolar portion; d, dental portion; e, cementum.
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elements, through which the tooth is fixed in its position; and the
sensory, through the abundance of nerves, which are richly distributed
to all parts of the membrane; in addition both the cementum and
alveolar wall receive nourishment through its generous blood-supply.
We, therefore, find this membrane to be a characteristic connective
tissue, richly supplied with all the elements which serve to make up such
a structure. The principal cells, as already stated, are the osteoblasts
and cementoblasts, but there are also present fibroblasts.

Epitheliam

Connective
Tissue of;

JGum

Alvealo-
dental
Membrane

Cementum

Alvealar
Wall of Root

FiG. 265.—Transverse section through root of tooth, alveclodental membrane, thin wall
of alveolus, and gingival tissue.

The osteoblasts, which are instrumental in the upbuilding of a portion
of the alveolar walls, are found lying against the bone, between the
principal fibers. These cells do not appear to be evenly distributed,
being numerous and crowded together in some parts, while other will
appear to be almost destitute of them. They are most plentiful in the
young subject, and seldom present in old age. In youth the alveolo-
dental membrane is thickest, and, as the building of bone occurs on the
inner wall of the alveolus, it can only progress as the membrane becomes
reduced in thickness. The osteoblasts are polygonal cells, inclining
to the oval form and vary greatly in size, with their longest diameter
at right angles with the surface of the forming bone. During the period
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of development of the young alveolar wall they are inclined to be
crowded together, and are frequently much distorted from pressure
upon one another. As age advances this condition becomes less pro-
nounced, and the cells separate into groups.

The Cementoblasis—Stationed upon the opposite side of the mem-
brane, or that in contact with the root of the tooth, are another class of
cells—the cementoblasts—or those cells which are concerned in the
formation of the cementum. Like the osteoblasts, these cells are found
lying between the principal fibers of the root-membrane. They differ
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Fic. 266.—Longidutinal section through root of growing tooth near the cervix.

in form from the osteoblasts, although having a similar function.
Instead of the polygonal form common to the osteoblasts, we find these
cells to be more or less flattened, with outlines somewhat irregular.
Extending from the body of the cell, which contains a well-defined
nucleus, are a number of irregular processes, which penetrate the neigh-
boring fibers or the interfibrous substance. Unlike the osteoblasts, the
cementoblasts appear at all times to be evenly distributed over the
surface of the cementum, occupying all the space except that taken up
by the fibers as they leave the cementum. As to the development of
the osteoblasts and cementoblasts, they appear to be carried to the
fibrous meshes of the membrane by the blood as leukocytes or ameboid
cells, after which, by differentiation, they become fitted for the develop-
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ment of bone or cementum, assuming their respective places against
the surface of one or the other of these structures.

Fibroblasts and Osteoclasis—Fibroblasts and at times osteoclasts are
present in the alveolodental membrane, the former for the purpose of
the increase or renewal of the fibrous tissue, the latter being functionally
concerned in the removal of a part of the alveolar walls to accommodate
the ever-varying position of the teeth, or occasionally acting in a similar
manner upon the cementum in which case they are known as cemento-

F16. 267.—Longitudinal section through alveolodental membrane, gingival tissue, and
root of tooth. Cervieal district.

clasts. The osteoclasts, or giant-cells, are generally inclined to the
round or oblong form, and usually contain a number of nucleoli. They
vary much in size, and are seldom branched or provided with processes.

The Fibers of the Alveolodental Membrane.—The principal fibers of
the alveolodental membrane are those which extend from the cementum
on one side to the alveolar wall on the other, and become firmly fixed
at either extremity by penetrating the calcified structures. The fibers
are all of the white, or inelastic variety. Itis by means of these connec-
tive-tissue fibers that the actual attachment of the membrane both to
the bone and to the cementum takes place, the fibers passing directly
into the hard tissues, which they traverse for some distance, being here
known as Sharpey’s or Cemental fibers.
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The arrangement of the fibers is somewhat different over the various
parts of the socket. Beginning at the neck of the tooth they pass out
and are attached to the rim of the alveolar socket, and are so arranged
that they serve the special function of a ligament, righting the tooth
in its socket when slightly twisted upon its axes during mastication, or
assisting to lift it when depressed in its socket from the same forces.

Cemen-
s

Pic. 268.—Section showing fibers of alveclodental membrane, attached to and passing
out from the cementum.
These special fibers collectively are known as the dental ligament.
There is some variation in the distribution of the fibers about the differ-
ent gingival surfaces. Upon the labial and lingual surfaces they pass
out directly into the fibrous tissue of the gum, and soon become lost in
this’ tissue. On the mesial and distal surface the fibers passing the
lower margin of the alveolar wall join the fibers of the neighboring tooth.
This disposition for the fibers to bend toward the adjacent tooth is
first observed at the various angles of the gingival margin. All about
the free border of the gum the fibers from the alveolodental membrane
assist in forming this tissue, which is covered by a dense epithelial coat-
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ing of moderate thickness, surrounded or surmounted by the peridental
fibers.  As the border of the alveolar wall is approached, the fibers are
observed to pass under the proper tissues of the gum, and unite with the
outer periosteal layer overlying the outer alveolar wall. The fibers
immediately within the alveolus are slightly inclined in an apical direc-
tion, while those occupying the central portion of the membrane, or that
midway between the apex and the gingiva, pass nearly straight across
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Fi16. 260.—Transverse section through growing roots and alveolus.,

from the cementum to the bone and are known as the principal fibers.
It is in this locality that the largest and strongest fibers are found. As
the apex of the root is approached the inclination of the fibers is crown-
ward from the cementum to the alveolar wall. Immediately surround-
ing the apex of the root and occupying the apical space, the fibers
are disposed in a regular or fan-like fashion. While in most respects the
fibers of this membrane closely resemble the corresponding fibers of
attached periosteum, they possess some peculiarities. It might be
supposed that the fibers passing out from the cementum would in some
way differ from those springing from the alveolar wall, but, with the
exception of being somewhat less in size, they are otherwise of the same
character.

Interfibrous Elements.—Besides the various forms of cells, blood-
vessels, and nerves, there is present in the alveolodental membrane an
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By the fourteenth week a further advance in the generation of the
hard palate is noted, the septum now being largely composed of calcified
tissue. The disposition for these primitive bony plates to exist as
separate and distinct processes is exemplified at the median line by a
definite separation formed by the connective-tissue sheath from which
they are derived. Covering the surface of the hard palate there now
appears a thin layer of mucous membrane, the line of union being
recorded in the median raphe.

Fi1c. 278 A.—Section through base of tongue and lower jaw. X 40.

The Floor of the Mouth.—Having thus briefly noted the evolution
of the roof of the mouth, let us next consider the floor of the cavity, the
tongue and its attached muscles, together with considerable glandular
tissue making up the bulk of this district. Figure 278 A is a vertical
transverse section through the floor of the mouth of a human embryo
about the tenth week, or at a period somewhat earlier than that shown
in the previous illustration. An examination of the partsin general ata
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time prior to this is of little value, save the early preparation for the
development of the teeth, which will be referred to later. The tissues
and organs here shown will be recognized as the tongue (4), the glandu-
lar tissues (B), the forming mandible (C), with developing tooth-germs
at DD,

The tongue appears on the floor of the mouth between the thirtieth
and thirty-sixth days as a bud from the mesoblast covered by a layer of

Fic. 270.—Bection of sublingual district. % 1o0.

epiblastic origin. The muscle-fibers, be they intrinsic or extrinsic,
are all of the striated variety. In a very short time, and at a com-
paratively early period, the tongue becomes an independent organ, pre-
senting most of the characteristics common to it after birth. Not a
small portion of the floor of the mouth is made up of another class of
cell elements which, although eventually a distinct organism, is com-
posed almost entirely of epithelium. These cells, together with the
connective-tissue cells, and eventually blood-vessels, unite in the pro-
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If a section be made somewhat to the distal of that previously shown,
a marked change in the relationship existing between the various cells
is observed in a body of cells of another character, those which are
destined to become the cartilage of Meckel, and about which the
younger layer of cells of mucous membrane are observed outlining a new
district.

1f a section be made through this same location, say about the forty-
eighth day, a vast change in the appearance of the parts is noticed
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FiG. 282.—Section through the wall of the mouth of an embryo, sixtieth day.

(Fig. 281). The buccal walls of the mouth have in a measure become
complete by a union of the upper and lower sections, the union at this
time being accomplished through the agency of the embryonal epithe-
lium. A cartilaginous nasal septum has made its appearance, and
active preparation for the ossification of the maxille is apparent. In
the center of the section is a distinct body of cells forming Meckel’s
cartilage, and early preparations for the growth of the teeth may be
seen at a by a dipping down of the surface epithelium.
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A transverse section through the same district about the sixtieth
day (Fig. 282) shows all the part strongly differentiated. Ossification
has taken place to a considerable extent in the lower jaw, the two
halves being at this period, and for some months afterward, separate
and distinct, Many muscle bundles are observed beneath the jaw, and
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F16. 283.—Longitudinal section through chin of embryo lamb.

beyond these the integument with its numerous blood-vessels and
nerves most of which are seen in transverse section. A longitudinal-
section upon the same specimen about the sixtieth day in the region of
the cuspids finds the tissues and organs advanced to a certain degree of
perfection. (See Fig. 283.) The tooth-germs of the cuspids have their
crowns outlined by the cells composing them; the tongue with its
complex muscular arrangement has become a specialized and indepen-
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arches resemble one another, but soon after they become fully es-
tablished they take on different functions, and with this become dissimi-
lar. The first appearance of this cartilage as a distinct body of cells is
found about the middle of the second month, and when a transverse
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Fi1G. 285.—Section through base of mandible, showing Meckel's cartilage.

section of the jaw is made for the purpose of studying its location and
environments (see Fig. 285), it is found near the base of the fetal head,
considerably below and to the outside of the base of the tongue. At
mid-jaw it appears as a circular body of cells separated from the sur-
rounding parts by a distinct layer of elongated cells. Ewven at this
early period a portion of the bony structure of the jaw is outlined by an
aggregation of connective-tissue cells, and the forming cartilage appears
to subserve the purpose of controlling the outline of the future jaw.
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disappeared, but before this takes place we find it surrounded by the
periosteum, and finally completely inclosed within the bone.

Figures 289 and 290 show the character of the cartilage cells about
the time that they are beginning to atrophy. It will be observed that

Fi16. 280.—Section of Meckel's cartilage at median line,

the cells are inclined to a change in form, and that they are propor-
tionately larger with larger nuclei, A represents the part nearest the
jaw, and the cells in this region have already lost their characteristic
outline.
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writers that the external epithelium begins to atrophy at this period; by
others this change is not recorded until the enamel cuticle has been
deposited to effectually seal the young tissne and protect it until well
desiccated. While there appears to be a decided dispesition upon the
part of this outer layer of cells to change, they do not disappear, and the
alteration is not one which affects the shape of the cells, for they remain
flattened or prismatic with their long axis parallel with the anlage of the
crown and most likely become the enamel cuticle. The stellate cells
making up the bulk of the organ are, in common with those which

Fi16. 203.—Developing tooth-germs, enamel organ, and dentin papilla.

inclose them, continually undergoing a degenerative change, at least
this is true of those cells closely associated with the stratum inter-
medium, for in this location they rapidly proliferate, shed their many
processes, and gradually take on the characteristics common to this
layer of which they eventually become a part. A careful examination
of no less than one hundred enamel organs in all stages of development,
and by section cut transversely, obliquely, and longitudinally, fully
justifies the statement that the real life of the enamel organ begins as
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previously stated, and continues until the structural arrangement of the
enamel is completed.

The question of form in the enamel organ—that is, its external
epithelium—is one which may be advantageously used in the considera-
tion of the life and function of its different cell layers. It has been said
that the apparently extravagant area taken up by the enamel organ
subserves the purpose of reserving space for the growing tooth-crown,
but there are many reasons why this theory cannot be accepted. In

Fi1G. 204.—Developing tooth-germs. Longitudinal sections from buccal to lingual.

the first place, the extent of the organ or the space existing between the
dentin papilla and the outer enamel epithelium does not in very many
instances correspond to the bulb of enamel when this tissue is completed
at a given point. In the developed tooth we find the enamel thickest
over the incisal-edges of the anterior teeth and about the summits of
the cusps of the cuspidate teeth, while these same parts are represented
during the cellular stage of development by the external layer of cells
closely associated with the surface of the papilla.
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Again, the outline of the tooth is definitely represented by the cells
making up the dentin papilla (Figs. 293 and 294), but the surrounding
epithelial cells are characterized by an unbroken semicircular margin
describing the extent and form of the enamel organ. Exception may be
taken to this hypothesis from the standpoint of generative changesand
these in a great measure have much to do with the relative outlines
assumed by the two organs, but by studying very many sections rep-
resenting nearly every stage of the'process, and all of them in a measure

Fia. 205.—Developing tooth-germs. Longitudinal section from mesial to distal.

showing the same characteristics, nothing but a definite opinion can
result. 25

Of the many changes in general form which the enamel organ under-
goes, none are so pronounced and positive in character as those described
by the inner tunic, and first recorded when the bulbous end of the enamel
organ becomes invaginated by the mesodermic connective-tissue cells
forcing themselves into it. This is an alteration which is gradual and
continuous up to the time of beginning of calcification, and while the
cells forming the dentin papilla are generally accorded the power of
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“pushing” or “forcing” their way into those derived from the
epiblast, the latter has always been recognized as having a controlling
influence over the former. In this connection a reasonable doubt pre-
sents itself covering the theory so long accepted that the early function
of the enamel organ is one which in a measure superintends the contour-
ing of the tooth-crown as first represented in the dentin papilla. When
the character of the two embryonal tissues making up the two germs is
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Fic. 206.— Developing tooth-germs in transverse section,

A, Stellate reticulum, B, Papilla. C, Cartilage cells.
compared, we find the dentin germ possessing all the characteristics
favorable to a rapid proliferation of its cells resulting in a highly vascu-
lar, compact tissue. On the other hand, the bulk of the enamel organ
is a gelatinous-like mass, one that would readily succumb to the pres-
sure exerted by the active connective-tissue cells within its borders.
When thus considered, the evidence is almost sufficiently convincing to
reverse the generally accepted theory, placing the general form of the
enamel organ as subservient to the dentin papilla.

Figures 293, 204 and 293 illustrate some of the variations common to

the general form of the enamel organ, and afford a good idea of the rela-
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tionship existing between the enamel organ and the dentin papilla, in
teeth both of the simple and complex class. These were taken from
sections which represent a period just prior to the generation of the
ameloblasts and odontoblasts, at which time the external and internal
epithelial layers of the enamel organ most closely resemble one another
in general outline. It is from this aspect and from sections cut longi-
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Fic. 207.
A, Inner tunic of enamel organ.
B, Cells of dentin papilla.

tudinally that most of the information given by the older writers has
been derived. Few attempts have been made to show this organ in
sections transverse to the long axis of the tooth. In figure 295 the
germs of two teeth are shown by a section made in this direction. One
striking feature here illustrated is the relationship existing between the
inner and the outer tunic of the enamel organ, and attention is called
to the apparent coalescence of these two layers at those points which
represent the mesial and distal surfaces of the developing crowns. This
condition is apparently brought about by the cartilage cells forcing
the peripheral cells of the enamel organ into direct contact with the
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inner tunic completely obliterating the stellate reticulum in these
localities. As a result of this lateral pressure the outer epithelial cells
representing the labial and lingual surfaces have become widely sepa-
rated, but with no perceptible alteration in the character of the cells
composing the stellate reticulum. The relationship existing between
the tooth-germs and the surrounding parts is one that will continue
throughout the generation of the organs, and makes questionable the

Fic. 208.
A, Cells of dentin papilla. B, Elongated cells of inner tunic.
theory that the stellate reticulum performs the function of reinforcing
or providing the ameloblasts with nutrient or calcific material. If these
same germs were examined, as they usually are, in longitudinal section
(see Figs. 203, 204 and 295 ), the investigator would at once arrive at the
conclusion that there was an equal distribution of the stellate cells
about all sides of the dentin papilla. In their very early life they appar-
ently establish an equal bulk about all sides of the dentin germ, but with
the preparation for the growth of the alveolar walls they may assume
the proportions shown in figure 302. At a period corresponding to the
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of this occurring before the appearance of the odontoblasts. Soon
after this latter change in the cells of this layer the odontoblasts are
developed and form the periphery of the dentin germs. All of these
changes are of course first recorded about the free extremity of the
tooth-crown, becoming less noticeable as the union of the outer and
inner tunics is approached.

FiG. 290.
A, Stellate reticulum. B, stratum intermedium. C, Ameloblastzs., D, Forming enamel.
E, Caleified dentin. F, Odontoblasts.

A study into the special characteristics of the fully developed amelo-
blasts shows that these active cells are the result of a gradual change in
the character of the columnar epithelia common to both the external
and internal epithelial layers in the primitive enamel organ.

Next in importance to the internal epithelial layer are those closely
associated cells making up the stratum intermedium (Fig. 300). Pri-
marily oval or spheroidal in form, we find these cells gradually assuming
a columnar outline and occupying a position parallel to the long axis
of the crown. It may be said that the general character of these cells
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is intermediate between those destined to become the proper enamel
cells and those stellate cells making up the bulk of the organ. There
appears to be much confusion, at least considerable doubt in regard to
the office or the cells of the stratum intermedium. It is most likely
that these cells are not only intermediate in character, but are also inter-
mediate in function to those cells upon either side of them, recruiting

. Fia. zoo.
A, Generating ameloblasts. B, Rounded cells of stratum intermedium. C, Stellate
reticulum.

the ameloblasts as they fall, while in turn they themselves are supplied
with nutriment from the enamel pulp or stellate reticulum. Nostronger
proof that these cells are secondary in importance to the ameloblasts
need be mentioned than reference to the fact that they are always more
generously supplied to those parts about to undergo calcification.
Nor is their increase in numbers the only reason for believing that they
are thus employed, for at the same time those cells most closely associ-
ated with the developing ameloblasts take upon themselves a decided
change in outline. This alteration may be brought about by the condi-
tions which influence the shapes of all cells, i.e., by the pressure of
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mous. The follicle is properly referred to as meaning the sac and its
contents. As to the development of the tooth-follicle, it appears to be
a generally accepted theory that at a very early period there is developed
from the base of the papilla, cells which, differentiating, form the walls
of the follicle. By this growth of cells the periphery of the papilla is
first surrounded, and this step is soon followed by an extension of the
cellular structure in the direction of the surface epithelium, to the deep
layer of which the cells become firmly attached, and in so doing inclose
the enamel organ, which hangs like a hood over the extremity of the
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FiG, 302.—Developing tooth about the fourth fetal month. Appearance of the
tooth-follicle.

papilla. The tissue thus formed from the base of the dentin germ is
continuous with and similar in its origin to the pulp-substance. The
primitive tooth-germ, during the formation of the follicular wall, is found
swinging in a membranous pocket, being supported by the epithelial
band, which, in turn, is attached to the oral epithelium; but as the walls
increase and completely inclose the germs, which is accomplished
about the fourth fetal month, the epithelial band is broken and the
second or saccular stage of tooth-development is reached. The walls of
the follicles are made up of two layers; the outer layer is dense and firm,
and finally becomes the dental periosteum; the inner layer is thin, frail,
and in the recent state somewhat transparent, and at an advanced
period assists in the formation of the cementum, the two layers finally
evolving into the alviolo-dental membrane.



SECONDARY OR SACCULAR STAGE OF TOOTH

DEVELOPMENT

Having thus briefly described the primary or cellular stage of tooth-
development, the careful study of which can only be pursued with the
aid of the microscope, we will now pass to the secondary or saccular
stage.E By the introduction of a number of illustrations, prepared from
original dissections by the author, this phase of the subject will be
readily comprehended.

Surface
Epithelium

Caleified Dentin

Enamel

Outer Enamel
Epithelium

Dental Papilla

Germ for Ferma-
nent Incisor

Fi1G. 303.—Development of deciduous incisor, from human fetus, (A fter Cryst.)

The development of the maxillary bones is so closely associated
with the development of the teeth that it will first be necessary to
briefly describe this process. At a very early period of fetal life we find
preparations are being made for the development of the maxillary
bones. That these are about the first bones to be called into functional
activity accounts in a measure for their very early development.
The development of the mandible begins about the middle of the second
month of fetal life, while at a somewhat later period similar action
takes place in the region of the maxillee. A detailed description of the
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DEVELOPMENT OF THE PERMANENT TEETH 423

bones and turned over for examination. The tooth-follicles for all
the deciduous teeth, as well as those of the permanent organs, may be
observed firmly attached to the fibrous tissue. The permanent incisor
sacs at this age are almost equal in size to those of their predecessors,
and the dentin papille within possess a mesio-distal diameter almost

Tooth-sacs of
Permianent Teeth Tooth-sacs of

Deciduous Teeth

Periosteum of Hard Palate

F1G. 337.—Tooth-follicles for deciduous and permanent teeth, three months after birth.

equal to those of the calcified temporary caps. The sacs containing
the germs for the permanent cuspids and bicuspids are somewhat
diminutive, but the enamel organs within are already molding the
contour of the future tooth-crowns upon the dentin papille.

By the beginning of the second month after birth calcification in the
crowns of all the deciduous teeth is about complete, and preparation for

Fi1G. 338.

growth of the roots isunder way. While at this period the tooth-crowns
may be said to be almost completely calcified, this does not apply to the
interior of the crowns, the deposit of dentin internally being a continu-
ous process, resulting in a gradual reduction in the capacity of the pulp-
cavity. It is also true that the enamel organ is somewhat active up to
the eruptive period, and the enamel covering of the crown is not com-

































434 HISTOLOGY

In the first place, such a condition is not always present, as shown in fig-
ure 348, a transverse section through the primitive jaw of a human
embryo about the fortieth day. The tooth bands at A and B have
penetrated the submucous tissue for a considerable depth, but the
surface epithelium does not show a greater thickness at these points
than it does over the general surface.
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Fic. 348.—Transverse section through primitive jaws of human fetus.

Figure 340 shows a section made in the same direction upon a human
embryo about the sixtieth day, and while the tooth-band (4) has pene-
trated the embryonal connective tissue to a greater depth, there is yet
no increase in the thickness of the epithelium, but rather a disposition
for the parts to become depressed. Another reason why the heaping
up of the superficial layer of cells forming the embryonal mucous mem-
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TOOTH DEVELOPMENT 435

brane should not be considered the first sign of the preparation for tooth
development lies in the fact that these cells are not directly interested
in the process, but that the inflection of cells which results in the forma-
tion of the tooth band results from the deep or infant layer of cells
known as Malpighi’s layer, as shown at B (Fig. 348).

There is no question but that the location from which the section is
taken has much to do with the character and thickness of the older layer
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F1G. 349.—Transverse section through lower jaw, human embryo, sixtieth day.

of epithelial cells, and that they do at certain points constitute an epithe-
lium exceeding in thickness that of other parts of the cavity, but this
condition most frequently occurs after the enamel organ has assumed
definite proportions.

After the formation of the tooth band, which, it must be remembered,
encircles the entire jaw in the form of a well-defined body of oval
epithelial cells from the infant layer (shown at A in cross-section, Fig.
350), the next step in the process is one which concerns the location
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of the individual buds for the enamel organs of the various teeth, and the
approximate time at which these appear.

In the human subject we find ten such spots appearing upon the
lamina given off from the lingual face of the tooth band. These
do not appear, however, at the free extremity of the band, but
at some little distance toward the surface from this point. In this
section the tooth-germ is severed from the surface epithelium, but

F16. 350.~—8ection through tooth band of human embryo.

this is not a true condition at this period, as it still retains its connection
with the surface by a narrow band of cells, the neck of the enamel organ,
Two distinct classes of cells are now (sixtieth day) concerned in the
process of tooth development, those at A being of epithelial origin and
forming the future enamel organ, while at B an aggregation of cells
from the mesoblast provides for the generation of the pulp and dentin.
At C the narrow band of cells which should continue to the surface is
shown, while the free extremity of the same body of cells at D will per-
sist and eventually become the germ for the succeeding tooth. In re-
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gard to the time at which the buds for the various teeth appear, it might
be expected that the same variation which follows the development and
eruption of the teeth throughout would obtain, but such is not the case,
the buds for the deciduous incisors appearing about the sixtieth day,
while the germs for their permanent successors are but little later in
forming.

The next stage in the development of a tooth to which attention will
be called is that in which the entire tooth-crown is outlined by the den-
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F16. 351.—Tooth-germ, embryo lamb, corresponding to sixtieth day (human). X 4o.

tin papilla and surrounded by its epithelial cap, the enamel organ.
Such an advance in the process is shown in figure 351, together with the
surrounding structure. When this stage is reached, the individual cells
of the tooth-germ are strongly differentiated, and the odontoblasts are
making their appearance about the summits of the cusps.

Up to this time the cells present are those which result in the forma-
tion of but two of the calcified tooth tissues, but now there is a marked
disposition upon the part of the forming connective tissue of the jaw
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to pass down by the side of the enamel organ (4), this being the first
indication of the formation of the tooth follicle, the alveolodental
membrane, and cementum. At this period it will be observed that
there appears in this, the molar region, a “heaping up” not only of
the surface epithelium, but also of the connective tissue as well.
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Fic. 352.—Tooth-germ, premolar, embryo lamb. X 40.

Figure 353 shows a section through the growing mandible taken
from a portion not occupied by a tooth-germ. This is of interest,
first, as giving a view of the detached tooth band in cross-section, at
A ; second, by showing the distribution of the periosteum to the interior
of the jaw to serve the double function of the future tooth-sac and
alveolodental membrane; and, third, the thickened epithelium with the
underlying tissue pushing into it.

Although the germ for the second tooth may be observed at a period
somewhat prior to this, a study of some of its characteristics is best
made at this time. The fact has already been referred to that this
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interesting phenomenon occurs soon after or even simultaneously with
that for the first tooth, a portion of the primitive cord for the latter
persisting as the germ for the former.
In figure 354 the cells forming the primitive germ for the enamel
organ of one of the permanent teeth are shown highly magnified. It
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Fic. 353.—Section through jaw of embryo lamb, in a district not oceupied by a
tooth-germ. 3 40.

will be observed that they are of the simplest epithelial character, and
that they are derived directly from the enamel organ of the pre-existing
tooth, on the one hand, while on the other, they communicate with the
surface by a narrow band of cells. In this way it is for a time dependent
upon both of these parts for continuance and growth, but after a time
it, too, like its predecessor, severs its connection with the surface, but


























































































