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PREFACE TO THE THIRD EDITION.

[x this edition the size of the page has been reduced to more
comfortable dimensions, and it is hoped that suflicient room has still
been left for the making of notes and the insertion of diagrams by
the student himself.

The portion dealing with Reptiles and Mammals has been more
systematised, and the most modern classification adopted. As this is
indicated mainly by the type, it is hoped that it may prove helpful
without adding unnecessary complication.

The rest of the book has been revised, but no great alteration
made.

The bhook is still only to be regarded as a Note Book, and not
ag a treatise on Dental Anatomy, and the student is urged to
make diligent use of the microseope, illustrations, museums, and
lectures for the proper appreciation of the subject and its utility.

DOUGLAS GABELL.

8. Porroaxp Prace.
My, 1903,






DENTAL ANATOMY.

Enamel

Is very hard, brittle, bluish-white, and semi-translucent,
And composed of Caleified Prisms in o Caleified Matrix.

Chemical Composition.

Organic Matter, . . . (muein?) . . . . . . None
Caleium phosphate i
Salte, . . . . . . Caleium earbonate . . 95%

Calcium fluoride
Magnesium phosphate
Water, « o+ o« . s 4 {f'fu*urii'ﬁff;r; combined with salts) 59

The Matrix

Is very small in amount, absolutely ealcified, but is more easily
dissolved by aecids than the prisms.

The Prisms
Are long hexagonal varicose rods, solid, and absolutely caleified,
but the ecentre is usually more easily dissolved by acids than
the external part.

The enamel prisms of the:—

Bel are indistinguishable from the matrix.
Manatee are straight,

Beiuride are lamellate, thus:—

Beaver are lamellate and flexuous, thus.—
Poreupine are lamellate and spiral.

Leporidie show no lamelle, only flexuous prisms,
Muride are serrated and lamellate,

Man are straight or slightly flexuous.
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The Transverse Striee of prisms arve due to either:—

1. Varicosity of the prisms.
2. Intermittent caleification,
3. Decussation of the prisms.
4. Boedecker's ** thorns."”
or 3. The action of acids (balsam).

In all Marsupials (bar the Wombat), some Rodents (Jerboa), s0me
Insectivora (Sorieidm), Hyrax, and some Fishes (Barbel, Porbeagle
Shark), the central portions of the prisms remain Uncaleified, i.e.,
Tubular Enamel.

Sometimes this happens at the inner parts of the enamel only,
sometimes at the outer part (S8argus); often this condition is irvegularly
distributed.

Learn to recognise and explain:—

“ Brown strim of Retzius.”

“ Behreger’s lines.”

“Tomes" lines.”

“ Pigment in the enamel.”

“Irregular fissures near the dentine.”

Distribution of Enamel.

Absent from ., . . . . HEdentata, Narwal, some Cetaceans,
Reptiles, and Fish.
Tip only in . . . . . Hake,Eel, Blephant's tusk.

i . dents’ incisors,
Front or sides only of tooth in EIE“' i ;
) { Canines ol Buinge, Iguanodon.

All over erown in. . . . Man and most Mammalia.

Learn how to prepare sections to show :-

Enamel prisms, transverse strise, strim of Retzius, Schreger’s
lines.






Dentine.
Dentine is only formed under an enamel organ, and cannot be
formed without one.

Varieties.
Hard (unvascular), Plici-dentine, Vaso-dentine, and Osteo-dentine,

Hard Dentine

Is hard, elastic, yellowish and semi-translucent, and composed of
Caleified Matrix, permeated by Tubes containing Fibrils.

Chemical Composition (dried dentine).

Organic Matter, . . ;E_:n”“f:p" B s T A 20 7%
! BElastin

Caleinm phosphate

Salts, . . . . . G?LIIL:IEIHII l‘,tl.i'hl’.?nfchtf_‘ . . TR
Caleium fluoride
Magnesium phosphate

Water, . . . . . (chemically combined with salts) 8%

Fresh dentine also contains 10% FREE water.

The Matrix

Is collagen impregnated with salts, When decaleified a very
faint fibrous structure is apparent.

The Tuhbes (Sheaths of Nemwmann)

Run at right angles to the surface of the pulp, and
Decrease in dinmeter as they near the periphery ;
Those at the neck of the tooth have a large flexnous Primary Curve.
Some, in the root especially, have many small spiral Seeondary
curves.
Many small lateral branches are given off, and
The tubes terminafe :—In forked extremities,
in loops with each other,
in the granular layer of Tomes,
in fissures in the enamel,
or by anastomosing with the canaliculi in
the: eementum.
The tubes arve said to be composed of Elastin and lime salts, and
resist the action of aeids and alkalies,






The Fibrils

Are soft, sentient, branched processes of the odontoblasts.
Proofs = stretehing and contraction.
Functions are nutritive and sentient.

Learn to recognise and explain:
“HBehreger’s lines.”
*“Owen’s lines.”
“ Intergloebular spaces.
“Granular layer of Tomes.™

Learn how to prepare sections to show . —

Owen’s lines, interglobular sapaces, Behreger’s lines, pgranular
layer, sheath of Neumann, dentinal fibril, fibrous matrix,
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Plici-Dentine.

The pulp is more or less folded. No cementum intervenes.

Pliei-dentine ocewrs in Varanus, Lepidosteus, Labyrinthodon,
Myliobates, Orycteropus (Cape ant-eater), and Pristis (dermal spines).
The last three might be regarded as fused simple teeth.

Vaso-Dentine.

The dentinal tubes and fibrils are replaced by Canals containing
Capillary blood-vessels,

The Matrix is often laminated, and in its outer part a fibrous
structure is often wvisible,

Vaso-Dentine is softer than hard dentine.

In the Hake, Chmtodonts, and Ostracion there are no dentinal
fibrils.

In the Flounder, Megatherium, Iguanodon, Odontostomus, anid
Haddock there are both capillaries and fibrils.

In the Lotella there are neither.

Sargus and Manatee show the remains of a vascular system.

Vascular canals are rarvely found in Human dentine.

Osteo-Dentine.

Calcification takes place in the substance of, as well as on the
surface of, the pulp.

There 1s usually an outer layer of fine tube dentine, then irregular
trabecule of dentine containing Canalieuli and sometimes Lacunse,
and between the trabeculie are spaces filled with pulp tissue and lined
with flattened cells;

Osteo-denting oecurs in Pike and Lamna.

Note the gradations between—
Hard, Plici- (both sorts), Vaso-, Osteo- Dentine and Bone.

Secondary Dentine

May be of any of the varieties above mentioned, or structureless,
or irregular,

It oceurs very readily in elephants’ tusks and whales' teeth,

And |l1=:-rm:|.1|y in the pulps of persistent growing teeth ;

Also in any pulp as a pathological condition.

Learn how to prepare sections to show: -
Plici-, vaso-, or osteo- dentines (a) with; () without soft parts.






Pulp.

Composed of Matrix, Cells, Fibrous Tissue, Vessels and Nerves.

Funections.

Formative ; Nutritive ; Nervous.

The Matrix
Is plentiful, soft and jelly-like.

The Cells.

The central cells are numerous, round, and have fine processes.

The odontoblasts (membrana eboris) form a complete surface layer ;
they are large elongated granular cells and send out processes:
1, into the Dentine (dentinal fibril), 2, laterally (not certainly
proved), and 3, towards the pulp (very small).

In old age the odontoblasts become smaller and more oval.

The Vessels.

Numerous arteries, capillaries and veins, but no lymphaties.

The Nerves.

Three or four medullated nerves enter the apical foramen ; they
soon lose their sheaths and form a plexus near the surface of the
pulp (plexus of Rasehkow). The nerves probably terminate as
fine varicose filaments between the odontoblast cells. Other
views are that they join the dentinal fibrils, or run with them,
or that they join the pulp processes of the odontoblasts.

The Fibrous Tissue

Is very faint, and continuous with that in the matrix of the dentine.
In old age it increases and the cells disappear.

Learn to recognise and explain:—

* Basal layer of Weil.”
“ Odontoblasts.”

Learn how to prepare seetions to show :—
Odontoblasts, pulp tissue in situ, nerve trunks, nerve endings.






Cementum

Consists of u Caleified Matrix confaining Lacunse, Canaliculi and
sotmetimes blood-vessels.

Chemical Composition.

Almost the same as bone.

The Matrix.

[ thin, is structureless or granular.

If thick, it is laminated and contains lacunse.

Sharpey's fibres are imperfectly ealeified periosteal fibres enelosed
in the matrix,

Learn to recognise and explain :—

i Bharpey's fibres™
“ Intercremental lines of SBalter.”

The Lacunse

Are not usually present in thin eementum.

They are more irregular in size and shape than bone lacun,
The canaliculi ave abundant, especially towards the surface.
Fach lacuna is flled with & Cement Corpuscle.

Learn to recognise and explain :-

“ Encapsuled lacunss."

The Blood-Vessels

Oceur in thick cementum only, and do not form Haversian systems.

Distribution.

Cementum is rare in Fishes and Reptiles.
It govers the root 1 all Mammahian teeth anid the crowns of some.
It is the most external dental tissue.

Learn how to prepare seetions to show :

Sharpey’s fibres, intercremental lines of Salter, lacunm and
encapsuled lacuns.






Nasmyth's Membrane

Is a thin layer of hardened epithelial cells (derived from the
enamel organ), covering the enamel, and having on its inner
surface a thin, structureless membrane.

Learn how to prepare sections to show :; —

Nasmyth's membrane in situ, also ifs structure.

Gum

Is composed of stratified epithelium covering broad papill®, which
contain numerous blood-vessels and lymphaties and a few nerves,
bound together by much firm fibrous tissue, the latter blending
with the periostenm of the alveclus. Tt also contains mucous
oland,

[t is hard, dense, firmly adhered to the hone, very vascular and
only slightly sentient,

A thickening of the epithelimm at the necks of the teeth is
called the “ Gingival organ.”

Learn to reeognise and cxplain:

“3lands of Serres.”
“ Pockets ™ round the teeth.
“ Health line.”

Learn how to prepare sections to show; —

Gum in situ, nerves, glands of Serres.






Alveolo-Dental Membrane

Is composed of bundles of white fibrous tissue containing blood-
vessels, lymphatics, nerves, and eells between the meshes,

It serves to fix the teeth, to prevent shock and damage to the
nerves, and to nourish the cementun.

The Fibres

Are non-elastie, and run obliquely from the bone to the tooth.
The ends of these fibres become imbedded in the hard tissues to
form
“Bharpey’'s fibres.”

The fibres are most numerous and strong at the neck of the tooth.

The Blood-Vessels
Are very numerous and derived from the bone, gum and apieal
vessels.
They form a capillary network close to the cementum.
Lymphaties are plentiful and most visible near the apex.

The Nerves

Are derived from the gum and apical nerves, and render the
membrane highly sensitive.

The Cells

Are found between the fibres, especially near the ecementum
(cementoblasts).

Nests of epithelial cells are also often found, which are remnants
of the Epithelial sheath of Hertwig, and form the so-called

“* (Flands of Berres.”

The alveolo-dental membrane is thickest near the neck and apex.
In old age it becomes thinner,

Learn how to prepare sections to show :—

Periosteum in situ, glands of SBerres, blood-vessels.
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Development of the Teeth.

In Fish,

In the Elasmobranch fish there is a continuous growing tooth band,
enamel buds, and dentine papille, hut no follicle, and the enamel
organ is very simple in struecture.

In Teleost fish there is no tooth band or follicle, and each simple
enamel bud and dentine papilla is developed de novo.

In Reptiles

There is a continuons growing tooth band, enamel buds, and dentine
papillee, the whole being enclosed in a fibrous sae, a sort of
common follicle, forming the “area of tooth development.”

In Mammalia (¢g., Human)
There is a tooth band of limited growth, only two sets of enamel

buds and dentine papille, each tooth having its own follicle.

Confining our deseription for convenience to the lower jaw, at the :—

6th week

An ingrowth of epithelinm oeeurs all round the margin of the jaw.

Tth week

This ingrowth divides into fwo bands, an outer vertical « labio-dental
strand” (lippenfurche), and an inner more horizontal «dental
lamina” (zahnleiste); a groove «dental furrow ™ appears ab the
origin of the latter from the surface. Caleification of the bone
starts.

o9th week

Ten enlargements, “enamel buds,” appear near the free end of the
dental lamina.
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10th week

Eight thickenings of the mesoblast appear against the under smface
of the enamel buds, #dentine papillee,” The enamel buds have
become club shaped.

1lth week

Two more dentine papille appear, i.e., ten “tooth germs® are now
formed.

The central cells of the lippenfurche atrophy to form the lahio-dental
sulens.

14th week

The enamel buds for the incisors develop into “enamel organs.”
The bone commenees to grow up round the developing
teeth, The dental lamina extends backwards free from the
gum,

17th week

Another enamel bud (for the six-year-old molar) appears with
its corresponding  dentine papilla.  The dental lamina is
beginning to become fenestrated al the front of the mouth.

20th week

Calcification starts in the milk incisors.

24th week

Enamel buds and dentine papille for the permanent incizsors and
canines appear.  Calcification commences in the temporary
canines and molars,

20th week

The enamel bud for the 1st hi:;uﬁpi:] appears.






adrd week

The enamel bud for the 2nd hin:-.us:l}id appears.

At Birth

The dental lamina is cribriform in front, but whole at the back of
the mouth.

The necks of the enamel organs of the incisors have gone; those
of the molars are whole.

The teeth are caleified thus:—

The germs of the permanent incisors and canines arve visible to the
naked eve; those of the bicuspids and 2nd and 3rd molars are
not yet visible.

The erypts are incomplete, and the permanent and temporary
teeth are in a common loculys,

Temporary Dentition.
Central. Lateral. Canine. 1at Molar. 2nd Molar.

Enamel buds appear oth week.  9ih week.  9th week,  8th week.  0th week.
Calcification starts ookl week. 20th week, 24th week.  24th week,  24th weck.

Condition at birth 1 (erown), : i + !
Eruptinn QCcurs bl month,  9th month, 18th month, 14th month,  Sth monil,
Caleification ends Sl year,  3ith oyear, d4thoyear,  Sth year.  Oth year.
Abaorptinn starts 4h vear, Oth year,  @th year. Ty year. atly yoar.

Permanent Dentition.

I ) C. E,. B. M,. M. M.
Enamel bud appears 24th whk. 24th wk. 24th wk. 20th wk. 83nd wk. 17th wk. $th mth. Srd yr,
Caleification starts 15t mith, 2ndd meh. Gth mitle. Lpth yr. 2o yr. At bicth. Z2od yr. 18th yr.
Condition at 8 years 1 (crown). | i I Vo4 (roab), & orown) —
Eruption oceurs Tth vr.  Sthve.  Lith yeo 10uh yeo L1eh yie Sthove L8eh yes 24eh yr,
Coleifieation ends  10th yr. M0th yr.  10th yro 18t v 18ch v, Oth yr, I6th yr
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Enamel Organ.

The enamel bud i EDulpDSEJti of cubical epithelial cells, and 1s at first
only a thickening of the lower end of the tooth band ; it then becomes
elub shaped, and then hell shaped, growing out on the labial side of the
tooth band. Next, as it increases in sizeand encloses the dentine papilla,
it becomes differentiated into four layers: the External Epithelium,
composed of oval cells; the Stellate Reticulum, composed of large
degenerate oval eells, with stellate intevcellular tissue; the Stratum
Intermedium, composed of one or two lavers of oval cells; and the
Internal Epithelium, composed of large, long, granular, columnar cells,
with the nueleus at the outer end.

The funetion of the

Internal epithelium (ameloblasts) is te form enamel,
Stratum intermedium iz to recruit the internal epithelinm,
Stellate reticulum is to act as a packing material,
Bxternal epithelium is to form Nasmyth's membrane.

The enamel organ only becomes thus specialised where it is going to
produce enamel. It is continued on as a thin layer of oval cells, so as
to invest the whole of the roots of the tooth ; this continuation is called
the * Epithelial S8heath of Hertwig."

Dentine Papilla.

The dentine papilla is at first only a thickening of the mesoblast in
front of the enamel bud, but presently the surface cells develop into
columnar cells (odontoblasts), smaller and less regular than the amelo-
blasts, but still well marked off from the underlying round cells of the
rest of the papilla, which is well supplied with blood-vessels and nerves.

Dental Follicle or sac.

The follicle at first appears as a thickening of the mesoblast eells
outside the enamel organ and continuous below with the dentine papilla.
At ftirst it is composed of very loosely packed cells, but later on it
hecomes differentiated into an outer firm fibrous layerand an inner very
vagcular, more cellular layer; little processes from the latter project
into the enamel organ a short way., The functions of the outer layer
are to protect the developing tooth, and later on to form the dental
periosteum ; those of the inner layer are to nourish the enamel organ
and eventually to form the cementum.

When a very thick layer of comentum has to be formed, the inner
layer of the follicle becomes eartilaginous before caleification takes plaee.
This cartilage is called the « Cement organ.”

A small foramen exists behind the necks of the temporary teeth, for
the transmission of a small artery and a little fibrous tissue from the
gum to the follicle of the permanent tooth.
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Calcification = impregnation with lime salts,

May take place :—

l. By the deposit of lime salts in the substance of the formative
organ. (Conversion.)

2. By the formative organ shedding out organie matter and lime
salts.  (Bxeretion.)

If lime salts are preeipitated from a watery solution, they come
down as an amorphous powder, but if albumen is added to the water,
they come down as round bodies with concentric markings, combined
with some very insoluble form of albumen: these round bodies are
ealcospherites, and the insoluble albuminous materinl 15 ealeoglobulin.
Caleoglobulin is also formed on the surface of calecospherites.

For calcification to take place, Woodhead believes that there is
required :—

1. A devitalised albumineid tissue.

2. A layer of formed material covering it.

3. A layer of proliferating cells.

The lime salts precipitated from the blood by the latter dialyse
through the second, and are deposited in the first.

Enamel.

Facts.

Large granular Ameloblast cells, with nuelei at their outer end,
exist.

In the corners of these cells, Fibrils appear (Osteogenie fibres).

The corners become tougher (calcoglobulin, * membrane ).

Lime salts are deposited in the corners (the middle soft part is
Tomes™ process).

All these changes spread inwards and upwards,

(In Marsupials the centre of the prisms vemain uncaleified).

Theories.

Cells grow at nuecleus end and become impregnated with lime salts
at the other end (Conversion theory).

Cells grow at inner end, and the new part becomes impregnated.

Cells do not grow, but exerete matter from the inner end, which
becomes impregnated (Exeretion theory).






Dentine.

Faets.

Odontoblasts with large nuclei and rounded ends, imbedded in a
slightly fibrous matvix, exist,

Toughening of the matrix oecurs, then a deposit of ealeospherites.

The Odontoblasts move off, but leave strips behind them (Dentinal
fibrils).

The toughness follows and surrounds the fibrils (Sheath of Neu-
mann).

Lime salts ave deposited in hetween the fibrils (Dentine matrix).

Theories.

Odontoblasts form matrix, sheath, and fibrils.

Odontoblasts secrete a fibrous matrix, which become ealeified,
and themselves form the fibrils.

Odontoblasts form fibrils ; and Intereellular substance forms matrix
and sheath (Mummery).

Vaso-Dentine.

Fact.

The fibrous matrix is better seen.
Theory.

Same as before, but the Odontoblasts move away completely, and
the Capillaries do not.

0steo-Dentine,

Fact.
Caleification occurs on the surface and in the substance of the

pulp also.

Theory.
Same as for Ossification in membranous bone.

Cementum,

Faets.

A fibro-cellular membrane exists and becomes impregnated with
lime salts.

When a very thick mass of cementum is formed, the fibrous
membrane becomes  cartilaginous  before ealeification occurs
(Cement ovgan).

Theory.
Coementoblasts formn hoth Matrix and Lacunge.
D






16

Development of the Jaws.

Learn the development of the head and the centres of ossifieation of
the jaws.

Condition of the jaws :—

Before birth.
Same shape as at birth, but smaller.

At birth,

The lower jaw is in two halves.

The coronoid process rises at angle of 45° from the anterior margin
of the erypt of M.,.

The eondyle is level with the alveolus.

The symphysis is flat behind, there is no chin, and the lower border
of the jaw is convex,

The crypts are open, incomplete, and packed.

The malar process is opposite the second temporary molar.

The antrum is a merve depression. (Teeth up against orbit.)

The teath are ealeifiod thus:—

Eight months.

The halves of the lower jaw are uniting.

The eoronoid process is farther back, the condyle is rising.

The symphysis bulges hehind, there is a chin, the lower horder of
the jaw is concave.

The crypts in front have closed and reopened; at the back are
almost complete.

The antrum extends § across the orbit.

The teeth are caleified thus :—

1 root, & root, § erown, all crown, all crown, eusps united.

Adult age.

The eorvonoid process rises at a right angle from behind the
wisdom tooth.
The condyle stands high above the alveolus.
The sockets are all regularly arvanged.
The malar process is opposite the first permanent molar.
The antrum forms a wide space between the teeth and the orbit.
D 2






01d age.

The alveolus has all gone.
The angle has been much absorbed.
The chin is protruded. (Closure of bite.)

Growth takes place

At all sutures (till united).
Beneath the periosteum,
In the sub-articular cartilage,

The alveolar portion grows, iz absorbed, and grows again exactly
as it is required by the teeth.

The basal portion steadily grows according to the museular
development, and so becomes a little wasted in old age.

The asecending ramus grows more rapidly than the basal portion,
to provide room for the teeth., (Depth of bite and of antrum.)

The Lower Jaw increases in length by growth :—

1. Beneath the periosteum behind the ascending ramus.
2. In the sub-articular cartilage of the oblique set ramus.
3. Beneath the periosteum in front of the jaw.

The Lower Jaw increases in width by :—

1. Elongation of the jaw (continuance of arch).
2. Sub-periosteal growth on outer side of jaw.
3. Growth between the halves. (Mainly intra-uterine.)
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Eruption of the Teeth.

Faets.

Large multinueleated cells appear on the under side of the roof
and front wall of the bony crypts.

The voof of the erypt is absorbed away, and more than enough
room made for the tooth to pass ount.

The soft tissues disappear and the tooth moves up.

The alveolus eloses in around the neck of the tooth and hoth
grow up tosether.

Theories.

No fully satisfactory theory is at present known, but the fol-
lowing have been suggested.
That the eruption of teeth is due to:
1. The elongation of the roots, but some teeth move farther than
the length of their roots.

#. The enamel of the tooth aeting as a foreign body, but the
teeth of the sloth, which have no enamel, erupt.

3. The blood pressure, but why do they stop, or the alligator's
teeth move sideways?

4. Enamel being an epithelial struecture and therefore tending
to retuwrn to the surface, but glands and nerves do not
erupt.

5. Growth of the alveolus, but the crocodile’s teeth erupt with-
out. any change of the socket.

(. A movement of the tissues, ¢ [a shark, but this is only
hegging the question.

Times of Eruption of the Temporary Teeth.

Lower centrals . . . about 8th mth., take 10 days, then a rest of 2 mths,
Upper incisors . . . L Bth o, o Timakh, e 7 T
L. laterals and st molars ,, 12th ., v 2f-mbhs. b a
Canines nol8th w 2mthe: 5, i 85
2nd molars . . . . o 28th 3 mihs,

Struma and syphilis accelerate, and rickets retard the eruption,
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Condition of the Jaws at the age of S5ix Years.
The temporary teeth ave fully ealeified, spaced, partly absorbed, and
vertieal in direction.
There is a wide space behind the last temporary molar.

The permanent teeth are packed, partly caleified, obliquely

directed, and placed behind or between the roots of the femporary
teeth.

Learn the direction and position of each tooth.

Room for the Permanent Teeth is made by :

. The elongation of the jaw backwards.
The oblique direction of the erupting teeth.
The thickening of the jaw hy sub-periosteal growth externally.

The smaller antero-posterior diameter of the bicuspids than of
the temporary molars.

- 50 10

Absorption of the Temporary Teeth is causzed by an «absorbent
organ,” not by direct pressure.

Learn to recognise and explain:—

“ Giant cells.”
“ Howship’s lacunm,

Times of Eruption of the Permanent Teeth.

T 1o O B, B oM. M N

Upper . . . .14+ 83 113 107 11} 71 183 24 years.

(iirls eut their eanines and 2nd molars earlier than boys,
Rich children eut their teeth earlier than poor children.






a1
The Attachment of Teeth

Is by :—Membrane, hinge, anchylosis, or socket.

By Fibrous Membrane.

The teeth are imbedded in a fibrous membrane which revolves over
the jaw, c.., Sharks and Rays.

Or the teeth are bound down to a pedestal of bone by an annular
ligament, c.g., S8argus.

By a Hinge.
(a) Elastie. The hinge itself is elastiec and pushes up the tooth, e.q.: —

Lophius (angler). Hake (merlucing). Odontostomus. Bathysaurus.

(/) Non-Elastie. The tooth is erected by elastic fibres in the pulp
cavity, eq. —

Pike (esor).
The hinge is composed of uncaleified dentine matrix.

By Anchylosis.
The teeth are fixed to the jawbone hy «Bone of Attachment,”
which is probably formed from the periosteum of the jaw, eg. . —
Pike and Python.
Eel, Chameleon. (Acrodont, i.e., on a padestal of hone,)

Frog, Ignanodon, Varanus. (Pleurodont, t.e., to an external
parapet of hone.)

Haddock.
Mackerel,

By Socket (yomphosis).
The teeth are bound to the wallg of a socket by a fibrous membrane,
e.j. :—
Mammals. Also the Pile-fish, Lepidosteus, Baracuda Pike, the

Dermal Spines of the Pristis.

Crocodile. (The same socket serves throughout life ; only the teeth
change.)






Pisces.

Morphology. (Morphology is the science of  structure and

form.)

Distribution.

The teeth of fishes are very widely placed.
On the margin of the jaws only in sharks and rays.
All over the mouth and ]_1]1:11':.'113; in Telaost fishes.
Some fishes are edentulous :—

Pipe-fish, hippocampus, adult sturgeon.

Homology.

The ease contains diagrams to show that Dermal Spines and
teeth have the same origin and structure.

Structure.
The teeth of fishes vary greatly in structure.

Horny teeth consist of hardened epithelimmm only, 4., Lampreys.

Caleified tecth consist of @

Fine tube dentine Charcarias and others,
‘ Plici-dentine Lepidosteus.
Dentine | Viaso-dentine Hake, flounder.
L Osteo-dentine Lamna, pike.
\ Tips only Eel, hake, chmtodonts.
Enamel i Thin layer Sharks, pike.

Sometimes the enamel 18 tubular, ¢./., Porbeagle shark.

Cementum is rare.

“Bone of attachment™ occurs in the eel, hake, &ec.
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Mode of Attachment.

The teeth of fishes vary greatly in their mode of attachment.
Attachment by socket is rare (see p. 20).

Forms.

The teeth of fishes are homodont: the actual form varies.

Cones are very common . . . ., Pike.

Dents en velours.
Slender rods . Chsetodonts x . brosso,

- . cardes.

Flat plates . . All the rays.

A few are heterodont (Anarchus lupus).
The Raia clavata shows sexual differences.

Succession.

All fishes are polyphyodont and have either:—

Several rows at a time . Raia maculata.
One row at a time . Carcharias lamna.
Irregular succession . . the Teleost lishes.
Vertical suceession . . Baracuda pike.

Fused vertical suceession Poreupine fish.

Funetion.

The tecth of fishos are [or prehension mainly.
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Pisces.

Leptocardii.

Amphyoxus has no jaw and no teetl.

Cyclostomata

Have numerous conical horny teeth,
Lamprey has horny teeth, vertical suceession.
Myxine (hag-fish) has radimentary caleified teeth under the
horny functional teeth.

Palzicthyes.

Teeth round the margin of the jaws.
Homodont, numerous.
Enamel and vavious kinds of dentine,
Attached to a revolving membrane.
3
Polyphvodont.
Prehension.  Diet, piscivorous,

Sharks,
Teeth are usually triangular blades.
Thin enamel ; osteo, or tine tube dentine,

Cestracion 1= heterodont.

Rays.
Teeth are flattened to form a tessellated pavement,
Thin enamel and plici-dentine,
Myliobates, Btobates, Rhyneobates are normal.
Pristis has a normal mouth and also socketed, persistent growing,
plici-dentine, dermal sprnres on its rostrum.

Raia clavata shows a sexual difference in the teeth,






Ganoids.

- Have grooved teeth composed of fused supor-
Lepidosiren s E ol

o Pt forster | mmposed plates of enamel, and a few teeth

on the vomer,
8turgeon is edentulous when adult: the sterlet has teeth,

Polyodon has many minute teeth.

Teleostei.

Teeth widely distributed on mouth and throat.

Homodont, haplodont, numerous.

Enamel, fine tube, vaso- or osteo- dentine.

Every kind of attachment.

Polyphyodont.

Prehension.  Piscivorous diet.

Pike has osteo-dentine, o non-elastic hinge to most of its teeth,
and a few anchylosed teeth.

Lophius has vaso-dentine, elastic hinged and anchylosed teeth.
Wolf-fish is heterodont. Diet, shell-fish,
Gymnodont fish have fused vertical succession; pharyngeal teeth,

Sargus has tubular enamel, vertieal suceession : remains of vascular
canals in the dentine.

Pipe-fish and Hippoecampus are edentulous.
Carp have edentulous mouths, but pharyngeal teeth.
File-fish and Baracuda pike have socketed teoth.

Wrasse lias vertical suecession of front teeth, and the pharyvngeal

-—

teeth move thus ; .
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Am [ hibia (dudiBuos=living a dowble tife),  (Batrachin.)

1, Testh on the [H'i*]tl:tb:i”ati‘}', maxtlary vomer and mandibular
hones.

Homedont, simple cones (haplodont).

Structure is hard dentine and a thin laver of enamel.

The attachment is by anchylosis,

The sucecession is polyphyodont.

6. The diet is principally worms, insects, and crustacea,

1 e w1 B L
=

-
L=
N

StEEﬂcﬂphali (rreyey, cover 4 xechaly, Nead), [_I;:Li]:l.'i'[|1[]|m]n;]1 1k )

Labyrinthodon has plici-dentine.

Lissam Phihlﬂ. (Aererde, smooth + dudbiFeos, amphibia).

Urodela (Tailed amphibia).
Salamandridze.

Salamandria (Salamanders).

B. maculosa (Fire salamander) has two cusps to its teeth.

Triton (molge), newts or tritons.

T, eristata has two cusps to its teeth.

Anura (Tailless ulu!]hil:{:u,

Bufonide (Toads).

B. asper is edentulous.

Ranidee (Frogs).
R. catesbiana has teeth in the upper jaw onlv. A few teeth
are on the vomer,
Tadpoles have horny sheaths to their jaws, and rows of horny
hooklets, each unmpcrsed of a single hardened cell, on the

lips.
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RE ptili.ﬂ, (reptile, o creeping animal).

Cold-blooded vertebrates which breathe by lungs and have a
median oceipital condyle.

L. One row of teeth in the upper jaw, and one in the lower Jaw.

Occasionally palatal teeth also.

2. Homodont, usually haplodont, and numerous.

3. Enamel, fine fube dentine, and sometimes cementum.

4. Socketed or anchylosed,

5. Polyphyodont,

. Prehension.

Prosauria {mpo, before, + oaopa, a fezard).
Mostly extinet primitive reptiles.
Rhynchocephali (piyxos, snouf, + cegals, head).
Sphenodon punetatus (Hatteria, Tuatera), New Zealand,

Two rows above, one row helow,
Homodont, haplodont.
The two upper front teeth are large, soon wear out the lower
and then hite on the bare bone.
FEnamel and dentine,
Anchylosed (acrodont),
Monophyaodont.
Carnivorous.
Hyperodapedon gordoni, an extinet member of this gronuy.

Theromorpha (dip, a wild beast, + popi, form),
Fixtinet reptiles; probably ancestors of the mammalia.
Pareiasauri had homodont, numerous, socketed teoth.
Theriodontia (#ipwor, a wild beast, 4 ddats, a tooth),
Heterodont, monophvodont, socketed teeth.
Empedias molaris 15 heterodont,
Gomphognathus is like a earnivorous mammal,
Cynognathus also has a characteristic carnivorous dentition.
Anomodontia (avepes, irregular, + ddods, a tooth),
Dieynodon has only two tusk-like canines,
Placodontia (m\af, a tablel, 4 J8uds, a toath),

Placodus gigas ) ¢ Have chisel-shaped incisors and blunt-
Cynamodus laticeps § /| topped wmolars, Diet, molluses.






Chelonia {xtl&rrﬂ, i fm'f{}fm-}.

Reptiles with a bony shell and horn-covered jaws.
Fdentulous.
Horny plates covering a more or less ridged bony jaw.
Herbivorous or carnivorous.
Chelone imbricata (Hawk's-bill turtle) has sharp-edged hony plates,
and is carnivorous.
Trionyx (Soft-shelled turtle) is also earnivorous.
Testudo tabulata (Brazilian tortoise) is herbivorous,
Chelone mydas (Green turtle) is herbivorous.

Dinosauria (icavis, mighty, + oadpa, ¢ lzrd).
Teeth round the margin of the jaws.
Homodont, flattened, serrated plates,
Fnamel and dentine.
socketod.
Polyphyodont, sometimes only one functional set.
Herbivorous or carnivorous,
Megalosaurus bucklandi I8 earnivorous.
Iguanodon mantelli is herbivorous and monophyodont.

The enamel, hard dentine and vaso-dentine are so disposed as to
produce n good grinding surface by their uneven wear.

Crocodilia.

Teeth on premaxilla, maxilla and mandible,
Homodont, haplodont, numerous.
Enamel, fine tube dentine, eementum.
Bocketed,
Polyphyodont. Vertical suceession.
Carnivorous,
Gavialis gangeticus (yharial, Hiwdustani for fish-eafer).
Has a long, narrow snout, slender recurved teeth, and is entively
piscivorous.

In both the latter the teeth atb
the corner of the jaws, and again
towards the back of the mouth,
are larger than at other parts,
Alligator. producing a crude imitation of

e the canines and sectorial teeth of
} carnivorous mammals.  Both are
| carnivorous,

Crocodilus palustris (Mugger).
Jaws rather broad,
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Iﬂhthrﬂ‘au ria (ixfuis, a fish, + cavpes, a lzard) I_:,-\.qmtl’.i{‘ ]‘ﬂ]'!ti]l':-—;.j

Teeth round the margin of the jaws.

Homodont, haplodont, with open roots.

Ridges of enamel over dentine.

Incomplete sockets. (Open grooves,)

Polyphyodont.

Iehthyosaurus communis shows the incomplete sockets.

Pterosauria (mrepiv, 0 wing, + aaipos, a lizard).  (Flying reptiles.)

Some have teeth all along the margin of the jaws, some only
part of the way, and some are edentulous. Horny plates
probably covered the edentulous parts of the jaw.

Sauria (caipa, o lzered),

Lﬂ,ﬂeﬂilia, (Teacertus, o Ifluff.{i-f.d_::'. {L'i;.':u]'ﬂ&;_}

Saurians which have the right and left halves of the mandibles
connected by a sutural symphysis.

Teeth round the margin of the jaws.

Homaodont, haplodont.

Enamel and dentine,

Anchylosis (aerodont and plenrodont).

Polyphyodont,

Mainly carnivorous and insectivorous.

Iguanidae e pleurodont, have vascular canals in their dentine,
and the teeth are flattened and serrated. Herbivorous and
nsectivorous.

Varanidae are pleurodont, and have the pulp at the base of the
teeth folded to form plici-dentine.

Chameleodontidae are acrodont, have no teeth on the premaxilla,
and the teeth ave flattened, triconodont and monophyodont,

Heloderma has grooved teeth for the convevance of poisonous
saliva; the teeth are plenrodont and recurved.
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Ophidi& (fgpas, a0 serpent, + eldos, form).  (Snakes.)

Saurians which have the right and left halves of the lower jaw
united by an elastic higament.

Boidz, (Non-poisonous.)

Two rows of teeth (the outer on the maxillary and the inner on
the palatine and pterygoid bones) in the upper jaw and one row
on the mandible. Egg teeth oeeur on the premaxille,

Homodout, haplodont, recurved, numerous teeth.

Enamel and dentine,

Anchylosed.

Polyphyodont.

For prehension only,

The pythons and hoas.
Colubridz.

A-glypha (a4, without, + yAipery, cul ouf).
All the teeth are solid and not grooved ; non-poisonous,
g |}

Dasypeltis has few teeth, and crushes eggs against its pharyngeal
vertebrae,

Opis‘_hﬂ_g"wpha .'_i-;:n':rrﬂ.! U, |'n;-'|ilr|‘lﬂ'l'|!l1 - 'r')l.:l.'l!i[ir:j'. l'H'.l'l"l'IH'*:r':I'_

One or more of the posterior maxillary teeth ave slightly grooved ;
slightly poisonous,
The Whip and Tree snakes.

Protero-glypha (rpirepos. fore, + yhuehiy, Careing ).
The anterior maxillary teeth are grooved or perforated; very
POISOLIOUE,
The Cobra, Hydrophis, and Craik.

Viperidez
Have a poison fang with a complete tube, and the maxillary bone
is hinged to the skull.
The Puff-adder, Rattlesnake, and Viper.
The maxillary teeth of snakes become fewer in number as they
become more specialised in the higher order of snakes,
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The poison tube is evolved by the formation of an open groove, which
becomes deeper until the edges overlap and finally completely fuse
together, except at the upper and lower ends,

The maxillary bone also becomes shorter and at last (in the viperida)
movable.

The maxilla, hinged above to the prefrontal bone, is rotated by the
forward pressure, on its lower part, of the framnsverse bone, which is
pushed by the pterygoid hone, and the latter by the quadrate hone.
The spheno-pterygoid is the chief muscle for thus erecting the poison
fang. The digastric is the principal musele for opening the mouth
and compressing the poison gland.

The successional teeth of snakes lie horizontally and not vertically.

Two rows of tooth germs are present to replace each poison fang
in the viperide.

Birds.

All recent birds are edentulous, and have the jaws covered with
horny plates of various patterns.

Odontoperyx had bonyv prominences below the horny plates.

Archmopteryx had teeth.

Many fossil birds with homodont, haplodont, polyphyedont, more
ar less completely socketed teeth, have been found in America,
¢.4/., Iehthyornis and Hesperornis.

Notice the “egg-tooth™ shown in the ehiek al the far end of the
case; egg-teeth also oceur in snakes and lizards.






INTRODUCTION.

I'r is certain that the many existing species of animals are derived from
fewer primitive species.

Each successive generation has n strong hereditary resemblance to
the preceding generation, but there will always be variations among
individuals of the same genevation.

When these varviations are of advantage to the animals in their
struggle for existence, they will lead to the survival of these fitter
animals (natural selection), and so to the perpetuation and improvement
of the variations by heredity.

Conversely, useless organs will tend to hecome rudimentary or
disappear,

Male animals with teeth suitable for fighting are able to drive away
less well-provided males, obtain possession of the females, and propagate
their own peculiarity ; 5o, by sexual selection, these fighting teeth are
developed.,

It has also been observed that variation in one organ is sometimes
associated with variation in another related organ; thus, early
castration may prevent development of teeth used only for sexual
warfare ; also, abnormalities of the skin sometimes accompany abnor-
malities of the teeth, This influence is known as correlation of
growth or eoneomitant variation.

Thus, the influence of heredity, natural selection, sexual selection,
and econcomitant variation will tend to produce animals having a
strong family resemblance, but exactly adapted to the cireumstances
(environment) under which they have to live.

These circumstances are so varied and changeable, and the ways
of meeting them are so numerous, and their influences come into
action at such different times, that there now exist, or have existed,
a vast number of different species, and it is only oceasionally that
we are able to clearly trace the steps by which any particular organ
has arrived at its present shape and strueture.
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In tracing out the homologies (resemblances) among teeth and
allied structures, there is great difficulty and difference of opinion as
to details.

The covering of the outside of the hody and inside of the mouth
is composed of epiblast and mesoblast.

These layers are at various places raised into papille, and these
papille may develop into bairs, scales, feathers, nails, whalebone,
horny plates, or teeth, and hence they all are said to he homologous
(1.e., resemble each other) in origin.

Sometimes it is the epiblast that is chiefly concerned, as in hairs,
whalebone, nails, horny plates, and the enamel of the teeth. Some-
times both layers are equally concerned, as in seales, dermal spines,
and teeth: each group is thus more closely homologous,

The hardening of these structures is sometimes affected by the
chemical alteration of the albuminous cells (keratinisation), as in
hairs, whalebone, nails, and horny plates; at other times by their
impregnation with lime salts (caleification), as in dermal spines and
teeth. Hach of these groups respectively is hemologous (resemble
each other) in strueture also.

According to the Tritubercular Theory, the following are the
echanges hrought about by natural selection, ete. :

a. Soft papille.

b. Caleification of papille to form teeth.

1. Simple conical (Haplodont) teeth.

2. The development of subsidiary eusps (Protodont teeth),

3. The formation of an anterior and posterior small eusp on each
sidde of the prineipal cusp (Triconodont tooth).

4. The placing of the cusps in the position of a triangle instead
of @ straight line (Tritubereular tooth).

The prineipal cusp is called the Profocone, the anterior small one
the Paracone, and the posterior one the Metacone. In the lower jaw
the cusps are called protocon-id, paracon-id, metacon-id, TIn .the
upper jaw the principal cusp is placed internally, in the lower jaw
externally in the tritubercular stage.

From this generalised (tritubercular) form different requirements
have led to different ways of modification, such as i —

1. The addition of eusps, In the lower carnassial tooth of the
dog, in which the paraconid, protoconid, and metaconid are united to
forin the blade, a small heel (hypoeonid) is added. TIn the bear an
entaconid is also added.

P
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2. The addition and suppression of cusps. In the lower ecar-
nassial tooth of the tiger the metaconid is gone (henee there are
only two cusps to the blade), and a heel hypoconid is added. In
the seals, edentata, and cetacea the teeth have become more simple.

4. The elevation of the ecingulum. In the insectivora the
emgulum is raised both on the outer and inner side to form extra
cusps.  In ths suina the cingulum is raised distally to form new
cusps, and in the mastodons and elephants this iz still more marked.

4. The folding of the tissues. As seen in the “mark ™ on the
incisors of the horse, and in the grooves on the sides of rodents’
molars.

3. The suppression of tissues. As seen in the partial covering
of enamel on the incisors of rodents, the canines of suina, and its
entire absence from edentata.

ti. The addition of tissues. In the persistent growing tecth of
the sloths the pulp cavities are filled up with secondary dentine of a
different type. On the long cusped teeth of ruminants the cementum
is continued over the crown.

7. The lengthening of cusps. As seen in the hypsodont teeth of
ruminants, and still more in the persistent growing teeth of rodents.

lu the molars of the horse we have examples of an addition and
lengthening of cusps, elevation of the cingulum externally, bending
of the ridges to an oblique direction, and thickening of the cementum.

The tritubercular theory is supported by the common oceurrence
of tritubercular teeth in extinct animals, their reappearance in
degenerate dentitions, and our ability to trace indications of the
three primary cusps in modern teeth. But many people do not
accept the theory in tolo because :—

1. The earliest known mammals had multitubercular teeth.
2. Authorities differ in the identification of CUSPS I many cases.
3. 1t places the growth of the cingulum in a very secondary place.

4. The order of the calcification does not always agree with the
accepted order of importance of the cusps.

There is an alternative theory that accounts for the modern
multicuspid tooth, by supposing that it is formed by the fusion of
several primitive simple conical teeth.
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The [unctions which teeth are called upon to perform are:—

Prehension of food, as in the pike, python, garial, efc.
Comminution of food, as in the tiger, elephant, rays, ote.
Combat, as in the tiger, pig, narwal, etc.

Locomotion, a8 in the walrus.

Anchorage, #5 in the dinotherium.

Transport, a5 in the elephant, beaver, elc.

Speech, s 11 man.

Comminution may be effected by a scissors-like aetion, as shown
i the sectorial teeth of the carnivorous felids, or by a grinding
action, as in the herhivorous elephants. Mammalian teeth usually
have the crown and root of about the same length, and are called
brachyodont (e.y., man, pig), but teeth which are subject to much
heavy wear have in the cowse of ages, by natural selection, acquired
long crowns which last longer; such teeth are called hypsodont
(¢.7., the cheek teeth of sheep, horses, elephants). A further develop-
ment of this kind leads to such teeth as the lower incisors of the
kangaroo and the molars of the dugong, in which the crown goes
on growing for a long time after the eruption of the tooth, but
eventually a closed root is formed. Lastly, as a perfeetion of
hypsodontisin, we have persistent growing teeth, as in;—

The dermal spines of pristis,

The wpper incisors of the hyrax and elephant,

All the incisors of rodents and the aye-aye,

The canines of suina, tragulide, and eervidse,

The incisors and canines of the hippopotamus,

All the teeth of the edentata, wombat, and many rodents.
The habit of male animals of fighting among themselves to

obtain the females has led to the development of teeth for the
purposes of sexual warfare, as in:—

Raia clavata,
Narwal and ziphoid cetaceans, dugong,

Buina, tragulide, camel, cervidie, stallion, monkeys:
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In some animals the above funections are either not required or arve
met in other ways. Thus horny plates serve in:—

Lamprey, myxine, bdellestoma,

Tadpole, turtle, tortoise, rhamphorhynchus and pteranodon (?).
All birds,

Ornithorhynechus, dugong, manatee, rhytina.

Lack of use leads to degeneration of teeth, as seen by the

rudimentary teeth of :—

Bdellestoma, myxine, sword-fish, the larval sturgeon,

The egg-eating snake dasypeltis (rachiodon),

The ornithorhynehuns and the mystacoceti,

The milk teeth of many animals (see list),

The second set of the odontoceti,

The fusks of the female narwal and dugong,

The canines of the female suina, tragulide, deer and horse,

The incisors of armadillos, manatee, narwal, rhinoceros,

The molars of tarsipes, vampire, aard-wolf and earnivorous
earnivora (upper),

The first premolars in many ecarnivora and ungulata.

The edentulous jaws of:

The adult sturgeon, the pipe-fish and hippocampus,
The toad and lower jaw of the frog,

The echidna,

The manis, rhytina, mutica and mystacoceti.

All modern birds.

The narwal, sword-fish, and carp have teeth, but not in the
buceal cavity.
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Tooth succession.
Fishes have continuous sueccession (Polyphyodont).
Reptiles have continuous succession (LPolyphyodont),
Birds (cxtinet) had continuous sueccession (Polyplyodont).
Mammalia have two sets (Diphyodont),

sometimes only one set ( Monophyodont).

Possibly in Mammalia there may also exist traces of a Pre-milk
set and o Post-permanent sof.

In all cases (except in Teleost fishes) there 15 a eommmon tooth
band extending all round the jaw, and giving off one, two, or many
sets of teeth from its outer (labial) surlace.

[n Mammalia the milk set is usually well developed, but in some
it is more or less suppressed. Thus the milk teeth may ;—

Last all ife . . + . + « + .+ &+ WWhales

Last till full growth is veached , . . Horse.

Last till animal is hall-grown . . . Man.

Only a few be formed and functional . Hedgehog.

Iie uru[umd, but soon lost . . . . . Bears

Be calcified, but not erupted . . . . Elephant seal
Be formed, but not caleified . . . . Shrew.

Not be formed at all . . . . . . BSloths.

Sometimes “ permanent " teeth are shed in adult age, as in Dugong,
Kangaroo, Wart-hog.

In many ungulata, earnivora, and insectivora the first tooth behind
the canine is small, eut late, lost early, and has no successor, and it
is doubtful if it is a milk or a permanent tooth.

The permanent meolars are thought by some to he milk teeth, by
others to be permanent teeth, and again by others to be a fusion from
both sets.

The milk dentition resembles the permanent dentition.

Henee milk molars resemble permanent molars and not pre-molars,
and earnassial teeth are found in milk dentitions,
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But serual teeth are ill-developed in milk dentitions, and in the
follonwing animals there are other differences :

Oryeteropus has heterodont, rooted milk teeth and homodont
persistent growing permanent teeth.

Chiroptera have small hook-shaped milk teeth and heterodont
permanent teeth.

Aye-aye has lemurine milk teeth, and a rodent permanent
dentition.

Wombat has rooted milk teeth with canines, and a rvodent
permanent dentition.

The theories to account for mammmalia having two sets are:—

1. Descent from polyphyodont ancestors and loss of the extra sets,

4. That a folding of the tooth hand and erowding down of some
teeth has resulted from the shortening of the jaw of an originally
monophyodont animal.

SOME DETAILS ABOUT THE MILK TEETH OF MAMMALIA.

MARSUPIALS.

Aeccording te Wilson and il the Functonal sef are the Permanent sef, and
the Mille teeth arve in various states of reduction.

Wombat . . . . . ;i3 Milk teeth. Lost early.

Other Views.
Kukenthal and Rose ., Functional Mink testh and rudimentary PERMANENT,
Woodward (didelphys) Rud. Pre-miLk ; Funet. Mirk ; Rud. PErMaxeNT.

Timms (didelphys) . Ruod, Mink; Funct. PEruMasesT; Rud, PosT-PRRM.
Leche (myrmecobius). Rud. Pre-ming ; Funet. MiLk.
EDENTATA. ( Monophyodont.)
But in

9-Banded Armadillo . Milk teeth till nearly full size.
¢ Budimentary, caleified, heterodont, unerupted

" 3 milk teeth ; plici-dentine, non-persistent growth.
UNGULATA. (T'ypical diphyodonts.)

In many dm, (pm,?) has no successor.

Timms found a pre-milk tooth in the pig.

Phaecocherus sheds m,, pm,, m,, pm, of its permanent set.

Proboscidin . . . . . (diphyodont).

Dinotherinm 'lJ :; ‘; milk teeth, followed by 'i' :: i ': permanent.

Mastodon, the milk molars often persist and the premolars do not erupt.

Elephants, the milk incisor is fn:-!ilawe:l by a persistent growing tusk. The
3 milk molars and 3 permanent molars erupt one after each other,
There are no premolars,

Oryeteropus .

Hyrax has : i j milk teeth, lollowed by ;{‘1_:' : % permanent,
SIRENIA.
Dugong . . .« Milk tusk only. (2nd Incisor?)
Manatee . . 2 0,0 Milk teeth, Perpetual succession of molars,

818 dla Elephant.
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{(Monophyodant.)

Milk teeth persist all life, Permanent rodiments unerupted,

CARNIVORA,

(Typrical diphyodoints.)

I many dmy (pomy ¥) has no swccessor,

: g18 -
Felidwe . . » 415 Milk teeth.
All others., . . ! E %—t Milk teeth.
Boay o . Loses milk teath early,
Fis=ipedin . Mave dagenerale vl teeth,
Otarin - : : } : Milk teotls. Lozt a fow wooks.
Phoea Greenlandica . ,-" {j Milk teeth. Last o week.
Ovstaphora pmlm&ciﬂiﬂ-? : —i Milk teeth, Lost in utero,
Waltus.. - . . 4 Milk teeth and 27 Lost at birth,
RODENTS. (Few milk teelh.)
Sguireel . o iy i iy
: il dlis ilmg ehimg dmg aliy - .
Hares . i iy 11Tll.| Ay i lowsit i wptero,
ahbhits L i alig oy i dlimy l i el dhims Dot in 18 days
dipg ding dine {uonsporsistent growth
Mouds . iy 7
Beaver :t::: Last, till half grown.
‘ i dm
Guinea Pig et Tost in utero.
Diasyprocia
Ctenodactylus 3 . i
Hystrix
Rat
r - & 1|l -
Hydromys } . Monophyodont
INSECTIVORA. (Diphyodont.)

Galeopitheens .

Hedgehog (erinaceus) .

Crymnict. . .
shrew (sorex)

Mole (talpa) .

Centetes
Hemicontetes
Macrozcelidos
Tupain

CHIROPTERA.

-

2 0 Milk teath. Cutlate. Work with troe molars.

" 298 diglost early. Resemble premolars,

163 L 189K ity Cookh, Thoss I tkalica funotion]
IEJ 1 oregg il CeL. Qase 11 AICE TUuncilonless.,
1281 1234 -

* 198 1 1984 Milk teeth. - y |
ari

= - — ANl uncaleified.
Milk tecth. Lost carly.

iy hias no fanetional snceessor, and i3 retained
dmy  labe; dimg is two rooted and molaviform.

. Have good functional milk teeth.

Milk teeth ill-developed. Functionless. Offen wunerupled. Some pervsist with
the permanent leeth, and are of very simple form, eqg., Vampire,

PRIMATES.

AVG-A¥C &

{ Diphyodond. )
L2 Milk teoth, Lost early.

[N =
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The many species of mammals are grouped into genera, and they
into families (sometimes divided into sub-families), and they again
into orders (often divided into sub-orders), and they into the
two great sub-classes of the ¢lass mammalia, according as
they hayve struetural characteristies in common,

It is only with the dental characteristies of each class, order,
family, and oeecasionally genus, that we are concerned, and to illus-
trate these characteristics the dentitions of typical species are selected
for description. In addition to this, certain aberrant dentitions of
special species are described.

In deseribing a dentition, attention must be directed to:—

1. The situation of the teeth.

2. Their form and number.

(If heterodont, the salient characteristics of each group of teeth.)
Their structure.

Their method of attachment,

Their succession.

The shape and movements of the jaws.

The funetions of the dentition.

The classification here adopted is that of F. E. Beddard in hizs work on
“Mammalia " (Macmillan & Co.), 1902,

Mammalia.

Hair-clad verfebrates, with cutaneous glands in the female, secreting
milk for the nourishment of the young.
. Teeth on the premaxillary, maxillary, and mandibular bones.

2 Heterodont, & | § ¥, highly specialised.
Incisors = L&bth on premaxillary bones and the corresponding
teeth on the mandible.
Canines = the tooth immediately behind the maxillary-premaxillary
suture, and the mandibular tooth biting in front of it, or
The large prominent tearing teeth placed at the angle of
the mouth.
(The two definitions usually indieate the same tooth.)
Premolars = cheek teeth having milk predecessors,
Molars = cheek teeth behind the premolars, having no milk
predecessors.
Strueture, enamel, fine-tubed dentine, and cementum.
Attachment by socket (yomphosis).
Two sets of teeth (diphyodont).
The shape and movements of the jaws vary much.
Comminution of food and eombat mainly.

== SO W

NS e e
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Frﬂ'l:ntheria_ ffr;:i;:rur, ﬂr'.'-i!, eaerliest, <4 H:w, o el fenzd ),

Mammals with no teats, but with a temporary pouch in which
the young are hatched or placed after hatching ; oviparous.

Echidna (dustralian spiny ant-eater) is edentulous.

Ornithorhynehus (duck-billed platypus) has horny plates, and
rudimentary multituberculated teeth ahove them when young.

Compare the position of rudimentary teeth in Dugong, Myxine, and
Ornithorhynchus.

Eutheria (<%, noble, + npiov, a wild beast).

Mammals with teats, mammary glands of sebaceous type; vivi-
parous, with a small ovum.

Marsupialia (marsupium, a pouch, bag).

Mammals with furry integuments; angle of lower jaw nearly
always inflected ; teats lying within a pouch, in which the young
are placed ; young born in an imperfect condition.

1. Teeth on the maxillary, premaxillary and mandibular bones.

2. Heterodont; forms varied, but rather primitive; number § 1 & 1
or sometimes more.

4. Tubular enamel, fine-tubed dentine and cementum.

4. Socketed attachment,

0. Diphyodont, but the milk dentition is reduced to one functional

tooth (the last milk molar) and a varying number of rudimentary
teeth.
6 and 7. Vary.

(Marsupials are sometimes classed as a separate sub-class, the
Metatheria, and not as an order of the eutheria.)

Diprotodontia (8-, fwo, + wpares, fore, + ddav, looth).

Herbivorous marsupials, with a pair of strong lower incisors.

1. 3. 4. 5. As in Marsupialia.

2. Heterodont.
Incisors, :'j"-, the lower being hypsodont, large and procumbent.
Canines, small or absent.
Premolars and melars, with broad, ridged tops.

6. Narrow jaws.

7. Herbivorous.






Maecropodidae (long-jooted).
Leaping marsupials.

Macropoding.

Macropus (including Halmaturus), Kangaroos and Wallabies,

M. ruficollis } The lower incisors are very hypsodont and can

M. benettii be approximated. Pm, pushes out dm, and
M. agilis pi ;.
Potoroin® (Hypsiprymnine, kangaroo vats).
Bettongia.
: The first upper and the lower incisors are of
B. leseuri : pamy :
B Eaitarat persistent growth. % ave large blade-shaped

teeth, and push out dm, and pm,.

Compare the lower incisors of man, lemurs, kangaroos, and rodents as to length.

Thalacoleo was thought to have been carnivorous till the herbi-
vorous kangarco rats were found.

Phalangeridz.
Phalangerinz,

Trichosurus.
T. vulpecula (Phalangista vulping, DBrush - tailed opossum).
Typical diprotodont.

Petaurus (Flying phalangers).
P. breviceps.

Phascolarctings I:rf:uiqgwhug, i leather bag, + dpxros, a Fhrﬂu'}.

P. cinereus (Koala, woolly bear). A rodent-like type of dentition.
Diet is eucalyptus leaves.

Phascolomyin® (gdaocwhes, a leather bag, + pis, 0 mouse).

Wombat, | ¢ 1 4; all the teeth are of persistent growth ; there
are no tubes in the enamel, the layer of cementum goes all round
the teeth; the milk dentition is § } y: the condyle is transverse.

Compare the dentitions of rodents, aye-aye, plascolarctos cinerens and wombat.

Tarsipodine.
Parsipes has rudimentary molars, Diet, nectar and insects.
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Pﬂlwrﬂtﬂdﬂnt (molvs, many, 4+ mparos, fore, + ddods, tooth).

Carnivorous or inseetivorous marsupials, with four or more upper
incisors,

1. 3. 4 5. As in marsupialia.
2. Heterodont.

Incisors, *-77 % and small.
Canines, well developed.
Premolars and melars, sectorial or multituberculated, but primi-
tive in form.
6. Moderately stout jaws.
7. Carnivorous Or insectivorous.

Dasyuridse (dacvs, rough, + oipd, tudl).
Thylacinus (Tasmanian wolf). (80kaé, & pouch, + xiwv, o dog.)
Thylacine, + 1 3 &  The dentition is very similar to that of the

dog, but the teeth are more numercus and of a more primitive
pattern.

Compare the dentitions of the dog and thylacine.
Sareophilius (diabolus).
8. ursinus (Tasmanian devil) is earnivorous.

Dasyurus.
D. viverrinus 18 insectivorous.
D. maenlatus is earnivorous.

Phaseologale (gdorkahaos, @ leather bag, <+ yaky, @ weasel),
P. apiecalis is insectivorous.

Myrmecobius (Banded Australian ant-cater).

=

M. fasciatus, 5 1 2 3 Many sharp cusped teeth. Diet, ants.

Didelphyidae (-, fwo, + dehhis, a womb).
Didelphys ((possums).
D. azara } -.:- + %1 Insectivorous and carnivorous.
Peramelide (Dandicoots).

Perameles, Insectivorous and herbivorous.
P. obseura.

Notoryetidz.
N. typhlops (dustralian mole). Diet, ants and insects.
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Edentata (:dentatus, toothicss).

Xenarthra (gios, strange, + dpbpov, u joint (vertebral) ).
M}'Fm&mphagidm {Jﬁth‘ﬁ'ﬁ (unarmed) ; Ant-caters). Edentulous.
Myrmecophaga jubata (Greal ant-ealer). Edentulous.

Tamandua is edentulous.

Cycloturus is edentulous.
Compare the ant-eating tamandua, echidna, oryeteropus, and myrmecobins,

Bmdyﬂﬂdidﬂ l:mruﬁﬁ;, slow, 4 wolg, o Iﬁ:ﬂ',ffjl, {a‘_'r'fu”:.ﬁ.]l
1. Teeth on maxillary and mandibular bones only.
4. Homodont, ‘i“' conical, persistent growing.
3. Fine tubed dentine and eementum, no enamel; the pulp cavity
is widely filled with vaso-dentine.
Note.—An ensmel organ is formed.

4, Gomphosis.
2. Monophyodont.
6. Stout jaws.
7. Herbiverous.

Bradypus (Three-toed sloth) is typieal.
Choleepus (Two-toed sloth) has one tooth larger than the rest.

Dasypodidee (Sacis, rough, + movs, a foof). (drmadillos.) Similar to
last, but there is sometimes an incisor ; there are more teeth, and traces
of & milk dentition ; omnivorous.

Tatusa.
T. peba (Nine-banded armadillo) is diphyodont.

Dasypus.
Peludo (Siz-banded armadillo) has rudimentary inecisors.

Priodon had nearly one hundred teeth.

Megatherium (catinet) had grooved molars, and vaso-dentine and
vaso-cementum as well as hard dentine.

Glyptodon (extwct) had grooved molars,
Compare the grooved teeth of glyptodon, oryeteropus, rodents, Also snakes,
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Nomarthra (vdpos, normal, + dpbpov, a joint).

Orycteropus (Aard vark, earth-pig, Cape ant-eater) is heterodont,
diphyodont, has rudimentary ineisors, and the teeth are made
of plici-dentine.

Manis (Scaly ant-cater, Pangolin). Edentulous.

Ganodonta, (yives, brightness, + adods, a tooth),
Extinet ancestors of the edentata; had incisors and eanines, and
enamel on their teeth, which were triconodont and brachyodont.

The teeth of later specimens were fewer in number, had less ennmel
and were more hypsodont.

Ungn]a,ta, (wngulatus, having claws oy !;m,l"::),
Terrestrial, vegetarian, hoofed animals.

1. The teeth are situated on the premaxillary (not in the
ruminants), maxillary, and mandibular bones.

3. Heterodont; ¥ °7 Y 144
Incisors in the upper jaw are often small or absent; in the
lower jaw they are usunally procumbent.
Canines are usually small or absent, but they may be large in
the males.
Premolars and melars are broad topped, ridged, hypsodont, and
well developed.
3. Enamel, dentine and cementum, of which latter there may be
a thick layer over the crown.
Gomphosis.
Diphyodont, milk teeth retained a long time.
The jaw is slender and long, and the condyle is globular, to
allow of free movements.
7. Herbivorous.
Compare with carnivorons carnivora (felida:).

S o e

The earlier extinct sub-orders of Ungulata had brachyodont and
bunodont teeth, small canines and fhe full mammalian formula, the
teeth being in a continuous row. Later sub-orders had large canines,
hypsodont and lophodont teeth.

Proboscidea (=pd, before, + Béoxew, feed, graze).
Large vegeta,l:rladﬂﬁﬂing animals, with the nostril and upper lip
drawn out into a long proboseis.
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Elephantidz.
Mastodon (uacrds, breasf, 4+ d8ots, a footh).

There are many species; some have upper and lower tusks,
coated with enamel in stripes; the milk molars often persist
throughout life; the molars have few ridges and little or no cementum
on the crowns.

Elephas.

Incisors only in upper jaw, of persistent growth, composed of an
enamel tip, a coating of cementum, and a hody of dentine (ivory),
which has less lime salts (647 instead of 72%) than other dentine, and
marked secondary curvature of the fibrils, rendering it strong and
elastic.

Molars 3, erupting one at a time; hypsodont, polylophodont, with
the long enamel-covered vridges or cusps bhound fogether with
cementum.

There is a milk incisor and 3 milk molars, which erupt one by
one before the permanent molars.

E. africanus has fewer ridges on its molars, and these are broadest
in the middle, diamond shaped.

E. indieus has more ridges (up to twenty-seven), and each is of
the same width all across.
Compare the molars of man, pig, wart-hog, elephant, and capybara.

Dinotheridse (fewos, mighty, + Oypiop, wild beast),
Dinotherium has lower tusks only; milk molars, 3§, which are
displaced by premolars, E;; these latter and the molars % being in

place at the same time, They are bi- or tri-lophedont, hrachyodont,
and have no eementum on the crowns.

Hyracoidea (ipa&, o mouse).

A group standing between the ungulates and rodents in character.

Hyrax (Procavia, coney).

The upper incisor is of persistent growth ; behind it is a pad of gum,
in which may bhe found the remains of two unreplaced temporary
incisors,

The lower incisor is long and procumbent.

The ecanine is probably a retained milk tooth.

The premolars and molars are ridged like rhinoceros.

Compare the dentitions of sheep, rodents, and hyrax.






Perissodactyla (vdi-twd).
Premolars and molars are lophodont and similar in pattern,
Equidze.

Incisors have an infolding of the tissues at the tip, called the
“mark ™ ; this is worn off the outer incisor by the age of
twelve years.

Canines are small in the stallion, rudimentary in the mave.

Premolars and melars are hypsodont,

Tapiridee.

A very primitive group of mammals with bilophodont, brachyodont
teeth.
Rhinocerotidae (jiv, nose, + xépas, a harn).

The incisors and canines are small or absent.

Compare the pattern on the molars of tapir, rhinoceros, horse, or of
orohippus, myohippus, protohippus, equus.

Artiodactyla (even-tod).

The premolars ave simpler in pattern than the molars, which are
bunedont or selenodont. The lower canines resemble and range with
the ineisors.

Group I.—Buina.—Bunodontia.

Hippopotamidse.

5144 incisors and canines are of persistent srowth, and used

for rooting up plants.
Suidz.
Sus.
Incisors are small and procumbent.

Canines are large in the male and of persistent growth; round and
striped with enamel in the upper jaw, and tviangular, with enamel
on the front surfaces only, in the lower jaw.

Molars, bunodont, brachyodent, and the last is larger than the first.
8, serofula is typical of suidae.

Phacochoerus (daxds, a warf, 4 xoipos, o Log) (wart-hogs) shed some
of the permanent teeth. Canines large in both sexes: the third
molar is very large.

Babirussa have long, enamelless canines.

Potamocheerus (Fed Liver hog) is similar to phacochaerus.
H






Dicotylide (Pecearies).
D. tajeu (Collared peccary) has smaller canines. Typical suide,

Extinet ungunlates.
Anopletherium had forty-four teeth, no diastema, and a eradual
transition in pattern from the incisors to the molars.

Oreodon.— The lower ecanine is the fifth tooth from the front and
bites behind the upper canine.

Group 2.—Ruminantia.—Selenodontia.

- Have no upper ineisors; small or no conines; crescentic ridges on the
lower molars (selenodont). A dense pad of gum occupies the place
of the upper incisors.

A. Tragulina (Chevrotains),
Tragulida=,

Small hornless deer, nearly allied to the Suina. They have large,
persistent growing canines (in the males) and sharp-edged brachyodont
premolars.

T. javanicus. Note the differences in male, female and
African chevrotains. young animals. Typical tragulidee,

B. TFlﬂFﬂda (vohos, kiob, padded, + waie, @ faot),
Camelide,

Incisors i, of which L% are lost very early.

Canines |, stout, and stand well apart from the other teeth,

C. Pecora.

Cervida (cervus, a stag, deer). Solid-horned ruminants.
1 4 2, small canines, brachyodont molaxs,

Elaphodus (Michic's deer)
Cervulus (Muntjac)
Hydropotes inermis
Moschus moschiferus §

| have small antlers and long canines.
have no horns and large canines.

Giraffidee have no eanines and small horns.

Bovida® (bos, an ox). Hollow-horned ruminants.
No canines, hypsodont premolars and maelars.
Antelopes, Oxen, Sheep.

Compare the length of the molars of man, tragulidie, horze, dugong, wombat.
H 2
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Sirenia.
Aquatic mammals nearly related to the Ungulata.

Dugong (Halicore) has horny plates.

Incisors rudimentary in the lower jaw and situated under the
horny plates. In the upper jaw the inecisor is of per-
sistent growth in the male, rudimentary in the female.

Canines alsent.

Premolars and melars 3, conical, growing from open pulps, which
eventually close. Some teeth are shed in old age.

There is no enamel on the molars, and only on the front of the
male tusk.

The milk dentition is reduced to one incisor.

The diet is sea-weed,

Manatus (Manafees) have horny plates.
Incisors 3, rudimentary; canines absent.
Molars and premolars hilophodont, brachyodont, and of unkunown
number. Succession from behind.

Compare the movement of molars in elephant, manatee, wrasse, man.

Straight enamel prisms ; remains of vascular canals in the dentine.
Milk dentition 3 { 9.
Diet, sea-weed.

Rhytina. Edentulous; had horny plates.
Diet, sea-weed.

Compare the dentitions and diet of chelonia, rhytina, dugong, raminants,

Cetacea (xjros, a whale),
Aquatic mammals of fish-like form.

Myﬂt&ﬂﬂﬂﬁti (pvoral, upper lip (moustache), + sgros, ¢ whaly) (whalebone
whales).
Edentulous (many rudimentary teeth of heterodont form); diet is
small erustaceans.
Whalebone 15 hardened epithelinm covering long papille growing
from the palate; it is therefore homologous with enamel, and not
with complete teoth.

Bal@nopterida (rorquals).
Balenida (right whales).
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Odontoceti (ddovs, o tooth, + knrog, o whale) {.t.mffjr'-ri H-:'III'HIFF.'H},

1. Teeth on the maxillee and mandible.
2. Homodont, conical, often very numerous,

3. Enamel tips, cementum, dentine, the latter often very imperfect
in structure.

4. The sockets are often imperfect.

2. The funetional teeth are the milk set; rudiments of the
permanent set often exist.

Compare odontoceti and seals.

6. Jaws long and narrow.
7. Prehension, piscivorous.

Physeteridae (dvograp, a Wow-pipe).
Physterine.

Physeter (Sperm whale, Cachalot), numerous shghtly attached teeth
in the lower jaw; rudimentary upper teeth. Diet is cuttle-fish.

Ziphiing.
Mesoplodon has one tooth on each side of lower jaw only, of
peculiar structure, and curving over upper jaw.

Delphinidze.

Narwal (Monodon) has two small rodimentary teeth and two
larger ones. One of the latter develops into a long tusk in the
male animal. The mouth is edentulous.

Gompare tusks of dugong, narwal, stuina,

Orea (Killer, or Grampus) has about forty teeth.

Phocense (Porpoises) have about one hundred testh.

Delphinus (Dolplins) have about two hundred teeth.

Tarsiops
Beluga have rudimentary permanent teeth,
Globicephalus

Zauglﬂdnntidﬂa {fn:-}-'lr;-, yrj-.".rr', goitn, 4+ adovs, @ footh).

Zeuglodon had double-rooted, heterodont, numerous teeth.
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Carnivora (carno, flesh, + vorare, eat),
Quadrupeds of usually earnivorous habits,

Fissipedia ( fissus, cloven, + pes, foot).

Terrestrial carnivora.

. 3. 4+ 5. As in typical Mammalia.

2. Heterodont, _-i I :: :
Incisors small and in a straight line.
A diastema occurs in front of the upper eanine.
Canines large, pointed, well set, and far apart,
Premolars and molars differ aceording to diet in each group.

{l::;'l' are the *earnassial” or “sectorial” teeth. In the Aluroidea
they are blade-shaped, with scarcely a trace of the inner eusp or
« fubercle.” In the Cynoidea the blade and tubercle are both well
marked. In the Arctoidea the blade is reduced and the tooth 1s
wide topped.)

6. Jaws short and sharp; the condyles are transverse eylinders and
fit closely into their articulation, so affording a strong, pure hinge
joint.

7. Mostly earnivorous.

Compare with Ungulata.
ABluroidea (aihouvpos, caf, + eifios, furin).
Carnivorous, carnivora.

Felide.

#1831

FTET ‘
Premolars small, except carnassial tooth.
Molars rudimentary in upper jaw.
Carnassials very blade-shaped and large.

Lion, Tiger, Leopard, Lynx, Jaguar, Cat are typical.

Macrorodontide (cxtinct cals).
Smilodon, sabre-toothed tiger; very large upper canines.

Viverrida (viverra, a fervet).
Small, long-headed earnivora with fuller dentitions.

Euplerine. _
Eupleres, small canines and teeth generally.  Diet, worms.

Viverrine.
Viverra (civefs), long jaws, rather dog-like.

Arctletis (binturong) }Tuhﬁrcuhttcd molars. Diet, mainly vegetarian.
Paradoxurus
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Herpestinm.

Herpestes (mongoose).
H. albicauda 2 gﬁlt‘mdur jaws and less specialised teeth.
H. ichneumon Diet, small mammals, birds, snakes, eggs.

Suricate, flat-topped teeth. Diet, vegetarian.

Hysniz@. Carrion feeders.
Hymna striata (striped liyena) } { Shorter, stouter teeth, with
Crocuta maculata (spotled lyena)
Proteles (Aard-wolf) has rudimentary molars,

! large cingula,

Compare molars of proleles and vampire.

G‘Yﬂﬂiﬂ.&ﬂu (kvaw, dog, <+ ettios, furin).
Mixed feeders.

Canidze.

3142
ST T3
Premolars increasing in size from before backwards.

Molars have tuberculated tops.

Otocyon (lony-cared for) has forty-eight teeth.
Cyon (Canis primavus) has only m. 3.

Canis is the typical member of the group.
iy

In the puppy the * carnassial ™ teeth are [TW.

Though the milk formula of all the earnivora is ‘ : r (except in

W1 that are missing, and so the last milk molars

[Eillltﬂ'q : % ‘_;}f it is dlinig

are named .

Arctoidea -!'_errcrui‘, bewr, + elfos, _I.I"'-!Jr'mj.
Largely vegetarian.
Premolars and melars broad-topped.
Carnassial teeth very poorly marked.

Procynoidea (Hacoons, dc.).
Nasu (coafi).
N. rufa (ring-tailed coati). Diet, iguanas, worms and larva,
Elurus (panda). Diet, eggs, vegetables, insects,
Cercoleptes (kinkajou).
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Mustelidae (mnstela, a weasel).
(** Blood-thirsty robbers.”) Diet, small mammals,
Meles (hadger).
Mustela (martens and sables).
Gulo (glutton, wolverine).
Putorius (weasel, ermine, stoats, ferrets, polecat).
Mephites (skuniks).
Lutrine.
Enhydris (Latrar, sea-otter).
Latrax lutrix. Diet, crabs, sea-urchins, fish.
Lutra (otfers).
L. vulgaris,

Ursidea.

Ursus.
U. maritimus (polar bear). Diet, seals and vegetables.

Melursus.
M. labiatus (sloth bear). Small teeth, few incisors. Diet, fruit
and ants,
Pinnipedia (pinna, a fin, + pes, a foot),
Aquatic carnivora.
1. 3. 5. 6. As in Fissipedia.
2. Ineisors are reduced in number.
Canines are large.
Premolars and molars arve reduced to primitive forms.
Compare with sperm whale and dolphin.
4. The milk dentition is rudimentary and functionless,
7. Prehension, piscivorous diet.
Otariide (ordpwr, a liftle ear).

Otaria (sea lions and bears, fur seals).

O. Urgina (0. cineria).  Almost haplodont teeth. Irosion is
VLY common.
Trichechidz.

Trichechus (walrus, morse, odobornus) has large persistent growing
canines, composed of dentine covered with cementum, and used for
gurning over obstacles, clambering over ice, and fighting.

Phoeidm (daxy, a seal).
Phoea (common British seal).
P. vitulina. Typical of the Pinnipedia.
Haliehcerus.
Stenorhynehus (ogmorhinus, leopard seal) has long triconodont teeth.

Macrorhinus (elephant seal).
M. leoninus.






Rodentia (rodere, to gnaw).

1. 4, As in Mammalia.
2. Heterodont, 1§ 1 4
Incisors, long, curved (upper more than the lower), persistent
growing, with sometimes grooved surfaces.

Compara ineisors of man, lemurs, horses, kangaroos, rodents.

Canines always abszent.

Premolars and melars range from brachyodont, bunodont, to per-
sistent growing, polylophodont teeth. There are often
longitudinal grooves at the sides (infoldings of the enamel).

3. Hard dentine, with enamel on the front (or front and sides) only
of the incisors, eementum bhehind. The enamel in the persistent
growing teeth shows a pattern (different for each family); it is also
sometimes pigmented.

Compare distribution of tissues in ignsnodon mantelli, gvmmnodonts, suina,
elephants, rodents,

5. Milk teeth few and rudimentary, or entively absent.
i. The condyle and glencid eavity are prolonged forwards and
backwards to allow of gnawing,

7. The obtaining of protected food; mastieation.
Diet, omnivorous, but mainly vegetable.

Simplicidentata. Having one pair of upper incisors.

Scinromorpha (reiovpos, squirrel, + popda, form).

Anomalurideae,
A. bescrofti.

Sciupidm {erﬂril !.ﬁ-’ril?n:'!', + nl.':'jll;, IIIT'IIII_]' I:.‘-."'ljl'i'h;'ﬂ'mIS:L

Sciurus.

8. earolinensis {American grey squirrel) has brachyodont molars,
Arctomys (marmots).

A. monax (Quebec marmot, woodchuck) has brachyodont molars.
Pteromys (flying squirrel).
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Castoridze.

Castor (beaver) has persistent growing grooved molars,
C. eanadensis.

Mramurpha‘ [pedig, df o, + fzulmjflr}, _,I"u.l'”.-’l,
Gliridae (myoride, dormice).

M. glis has brachyodont molars.
M. melitensis.

Muridz.
Murinz.
Mus (rafs and mice),
M. noviganus (brown rat) has brachyoedont molars,

Hydromyinm.
Hydromys.

H. chrysogater has only m. 3, which are brachyodont.

Microtin® (voles, water rils),

Mierotus (arvicole).
M. amphibius (waler rat) has persistent growing molars.
M. glareolus (bank vole) has hypsodont molars.

Sigmodontina.

Crieetus (Hawmster, pouch-checked rats).
C. frumentarius has brachyodont, bunodont molars.

Bathyergidae (3afis. devp, 4 fpyou, work),
Burrowing animals,

Bathysr'gus_['[.'ﬂ;m mole ral, coast rat) has hypsodont molars,
Dipodide (jerboas) have tubular enamel

q
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Hystriﬂomﬂrpha {ﬁﬂ'-'phff p-u'r'ﬂlrafm, - I;_:u!-rf"’h _,."u.u-...uj_

Caviidee.

Hydrocheerus.

H. capybara has large polylophodont, persistent growing third
molars, the cusps or denticles partly joined by cementum.

l.'iﬂ'”l‘\'."'l: ]Ililt:.rﬁ |!..II- i'ig'l \‘-'ilrL-IJUE‘ Il!"-"‘lu'.-l.ll“.. 'L'l-'l:[‘}h'llll-. ||_€|!.} hul-“_
Cavia.

C. poreellus (yuineca-pig) has tubular enamel,

Dasyproctidz.

Dasyproeta (agoutis).

D. agouti (golden agouti) has hypsodont molars and pigmented
enamel.

Hystricidee.

Hystreia (is, hog, 4 8pié, beistle).

H. eristata has brachyodont and grooved olars,

Duplicidentata. Haying two pairs of upper inecisors,
Leporidz.

Lepus.
Have two pairs of upper inecisors, 2, per-
L. europeus (fiare) sistent  growing molars and premolars,
L. eunienlus {l':reﬁl“r.‘.‘;l no pattern in the enamel a rather full milk
dentition, lateral movement to the jaws,

[
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Insectivora.

A rather primitive ovder of mammals.

4. As usual,

Heterodont.

Incisors, small and procumbent.

Canines, rather small, often two-rooted, and may be placed in
the premaxillary bone.

Premolars anid melars, primitive in pattern, but with eclevations
of the cingulum on the inner and outer sides, producing

I —
= /

NUMETrous cusps.
3. In some the enamel is tubular, and in many the dentinal fibrils
penetrate more or less into the enamel,
3. The milk dentition is often much vedueed, and many of the
milk teeth are functionless.
Jaws long and slender.
. Insectivorous.

-..‘;:;.—_,

Compare dentitions of hedgehog, mveleridie, hierpestes, myrmecobing,

Insectivora wvera.

Erinacidae (W pattern molars).

Gymnura has full mammalian  dentition, and canine in pre-
maxilla.
Erinaceous (hedgehogs). The canine is small and two-rooted ;
the first incisors ave wide apart,
E. europeus. Typical of Insectivora.

Tupaiidee (W pattern molars).

Tupaia.
T, javanica 18 typical of Insectivora.

Centetidae (V pattern molars),
Centetes (fenrec) has a fourth molar when old.

Hemicentetes.
Ericulus.
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Pﬂtﬂmug‘a[iﬂﬂa (Y pattern molars).
Potamogale (aquatic).

Chrysochloridae (V pattern molars).
Chrysoehloris (Cape golden mole),

Macroscelidse (W pattern maolars).

Macrosecelide (clephant miice),

Talpidae (W pattern molars).

VY YYVYYYVWWW  There is a caleified
T ITAMAAMMM milk dentition.

T. europea. Lypical mole,

Talpa (mole).

Myogale (desnians).
M. moschata is aquatie. Tvpieal Insectivora.

Urotrichus.

Soricidze (W pattern molars).

Have large notched inecisors, pigmented and tubular enamel ;
the dentinal fibrils penetrate far into the enamel, and
they have rudimentary unealcified milk dentitions.

Soriculus ([Indian shrew). Typical shrew.
Crocidura.
C. cerulescens has 1.'I.'hitr:!-l.i]}pmi teeth,

Crassopus fodiens is a water shrew with hrown teeth,

Dermonpteria.

Galeopithecidae (fying lfewiurs).

Galeopitheeus volans has comb-like lower ineisors, and
functional milk dentition.
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chimpt‘erﬂ l'._tﬂlf!, Lﬁrnrf, ‘I' ﬂr;;a-:l'_ it H.'J-.u.rg ¥; {ﬂ”h_']

1. 3. 4. As usnal.
2. Heterodont.
Incisors small and few,
Canines large.
Premolars and molars either many cusped or flat-topped.
9. Milk dentition rudimentary and often  different  from  the
permanent.
6. Jaws, long.
7. Either insectivorous or frugivorous.

Megachiroptera (frugivorous=hollow-topped molars).
Pteropidse. Some biave hituberenlate canines,
Pteropus,

P. hypomelanus.
P. medius. Typical frugivorous bat.

Cephalotes peronii. The milk dentition does not resemble the
permanent.  Typieal frugivorous hat.
Cynopterus.
C. marginatus has hituberculated canines.
Cynonyeteris. (Harpyia )
C. duprena. Typical [rugivorous bat.

Microchiroptera (mainly insectivorous=sharp cusped molars).
Nycterida.

Megaderma lyra. [het, frogs.

Vespertilionidze.

Fleecotus.
P. auritus (long-cared bat) shows temporary teeth,

Phyllostomatidae.
Phyllostoma hastatum. 'ypical insectivorous bat,
Desmodus.

D. rufus (vampire) has rodimentary molars.  Diet, blood,

l'ﬂmliare the molars of 'l.u,m[r'Lru*__ aard-wolf, =eals, tiger, dog, man,






G0

Primates.

Hairy mammals with five digits on both limbs, provided with flat
nails ; teats thoracie.

Lemuroidea (femury w ghost),

1. 3. 4. 5. 6, As usual.
2. Heterodont, 5 1 i &
Upper inecisors are separated,
Lower ineisors and canines are procumbent.
The next tooth in each jaw is large, and funetionally is a canine,
though not called so0 in the lower jaw.
Molars are sharp cusped.
7. Omnivorous, hut only small animals are eaten.

Lemuride.
Indrisinge (vegetable diet).
Indris brevieaudata has only one lower incisor,

Lemurine (frue lemnrs).
Lepilemur. Typical lemurida.
L. mustelinus.

Lemur.
L. variug (viffed lemur). Typieal of Lemuroidea.

Galagining (omnivorous).

Lorisinz.

Nycticebus.
N. tardigradus (slowe lemur, slow  loris). Typical of
Lemuroiden.

ChEl‘Dl’l’l}’idEE {x!"l}i. i f“”,..l" -+- f";'f: O FRRTRRERe ),
Cheromys madagascarensis (aye-oiye), ]1 5 -", i, has a rodent-like

dentition, but a well-formed milk dentition.

Tarsiide (insectivorous).

Tarsins speetrum (farsiar).
Adapis magnus (ertinct lemur) had  forty-four teeth and no
diastema.






il
.&nthrﬂp Di li'Eﬂ. mon-ike),

Platyrrhine (broad-nosed New World apes).

| i F, three-cusped molars,

Hapalidee (marmosels),
Hapale.

Midas (femarins). Typieal of Hapalidae.
M. rosalina.

s

Cebide, 5| i i
Cebus (Capuchin wmonkeys). Roots of teeth not well separated.
Ateles (spider monkey) has oblique ridge on upper molars.
Myecetes {:I"HHI‘”JW mantker) has fahlil]ll.ﬂ ridge on Lpper molars.
Pithecia.

Catarrhine (narrow-nosed Old World monkeys), 5+ 5 i
Cercopithecidze.
Cercopithecine.

Cercopithecus has a rather small third molar.
Macacus (fhadoons). The first lower premolar has the erown
prolonged on to the anterior root.
M. rhesus. Note pm,.
Cynoeephalus (pwirio).

P. porearius (chacma biboon).  Typieal of baboons.

Semnopithecina.

Simiidge (tinl v i il i s ).

1. 3. 4. 5. As usual.
2. Heterodont, 5 1 5 4.
Megadont (dental index forty-four or over).
The outer ineisor is rather caniniform.
There is n diastema.
Canines are large, sexual, late erupted.
Premolars three-rooted in upper and two-rooted in lower jaw.
Molars inerease in size backwards. Oblique ridge present.
. Jaw js square (molars converging behind) and prognathous
(gnathic index above 104). The chin is t't‘il'l':lljll'r;.
7. Omnivorous.

Compare cavefully with man,






Hylobates (qibbons). Slender canines.

Gorilla. The canine and third molar erupt at the swne time.

Chimpanzees (untlvopopithecus Droglodytes). Dentition the most
like man, espeecially in the milk dentition.

Orang utan (simic safyrus) has long-rooted teeth.

Hominidee.

Homo.
H. sapiens.
1. 3.4..5. As usual.

2. Heterodent, 5 | 3 i.

Microdont in higher races.

Incisors similar in pattern and size.

No diastema.

Canines havdly larger than neighbours, not differing in sexes;
erupt hefore second molar.

Premolars single rooted, except upper first premolar.

Molars decrease in size backwards.

6. Jaw is rounded (molars diverge backwards) and orthognathous.

The c¢hin is well marked.

7. Omnivorous.

.
ot

In the lower races of mankind the:

Teeth are larger and move regular,

Incisors are more oblique sided,

Canines are larger,

Wisdom tooth is better developed and has more room,
Arch is more square in front,

Jaw is usually more prognathous,

Bite is more edge to edge.

Facial angle (Camper's).

The angle formed between two lines drawn :—

From the middle of the anditory meatus along the fleor of the nose, and
From the forehead between the supra-orbital eminences to the tips
of the incisors.

The more prominent the mouth, the smaller the angle will be.
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Gnathic index.

A more modern way of comparing the amount of mouth with the
amount of brain,

Basi-alveolar = the distance from the anterior margin of the
foramen magnum to the margin of the alveolus hetweon the
incisor teeth (amount of mouth).

Basi-nasion = the distance from the anterior margin of the foramen
magnum to the suture hetween the nasal and frontal bone
(amount of brain).

Gnathic index = A X 10
Orthogmathus — gnathic index below 98,
Mesognathus = 3 o 98:1 to 1083,
Prognathns  — s » above 103,

Compare dog, monkeys, man (voung and old),

Dental index.
A way of comparing the amount of biting surface with the
amount of bhrain.

Length of teeth (lufing surface) = distance from the mesial surface
of the first premolar to the distal aspeet of the last molar.

Basi-nasion = same as bhefore,
Dental index = =9 T. % 100
o
Microdont = dental index 42,
Mesodont - - R
Megadont i . 44 and over.

The shape (crown, neck, root, and pulp eavity) of each human tooth
must be learnt minutely and exactly, also the common variations of
form.

The arrangement of the teeth in the arch and their articulation
must be learnt aceurately and in detail.

The * compensating curve of Von Spee” is the upward curve of
the ocelusal plane of the teeth in the molar vegion, which enables the

I
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molars and inecisors to occlude at the same time. It varies with the

shape of the eminentia articularis.

The movements of the jaws in mastication, and the anatomy of
the museles, ligaments, and bones which produce them, must also he
learnt.

A hinge movement occurs between the condyle and the inter-
articular eartilage.

A sliding movement oceurs between the interarticular eartilage
and the temporal bone.

When opening the mouth, both movements take place simul-
taneously.

The lower incisors do not move in the are of any circle (or, to
put it in another way, the centre of the are of rotation shifts during
the opening and elosing of the mouth).

At the moment of coming in contaet, the lower teeth are moving
vertically npwards.

In lateral movements the jaw rotates round one or other condyle,
which condyle usually remains at its most posterior position.

The other eondyvle moves forward and downward.

Henece the teeth on the hitiug silde move 1|‘1:!u-:#'ﬂn-‘|f,|}', and on the
non-biting side almost antero-posteriorly and downwards,

The movements of the teeth are controlled by :—
I, Shape of the eminenfia articularis and glenoid eavity.

4. The shape and size of the lower jaw (ie., relative position
and direetion of the plane of occlusion and path of
condyle).

3. The lignments, fascie, and neighbouring organs.

4. The muscles. Henee the habitual movements are largely
voluntary, variable, and adaptable to cirenmstances.

Compare with movements in tiger, vat, rabhit, ox.

The shape and relations of the sockets, and the thickness und
consistency of their walls, are to he learnt.

K
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Preparation of Hard Tissues:
I. 8aw into thin slices. (Cut enamel with a diamond dise.)
Grind on a earborundum wheel as thin as possible.
. Grind between two bits of ground plate-glass with pumice and
water,
4 Wash.
5. Dry lightly on the hand.
. Mount in warm hard Canada balsam.

E.

E

)
)

-

Preparation of Soft Tissues.

Fix in Muller's fluid, eorrosive sublimate, or 2% formaline, ete.
Harden in 807 aleohol.

Dehydrate in absolute aleohol.

Stain in borax earmine, ete.

Clear in oil of eloves.

Imbed in gum mucilage, paratlin, or celloidin.

Cut.
Mount in Canada balsam or glyecerine jelly, ete.

20 10 =

Bl

&

If preferved, the sections may be stained, dehydrated, and cleared
after being cut, instead of before,

Preparation of Hard and Soft Tissues together.

Weil's Process,
1. Saw a fresh tooth into four pieces, under water.
9. Fix in 27 formaline.

3. Wash.

4. Harden in 307, alechol . . . . . . . about 12 hours.
5. il ;3{};.;, e R

. . g LT e T RS T Al 5 N

T » T L LD 5

5. 8tain in aleoholic borax earmine . . 7 3 weeks.
9. Fix the stain with 707, aleohol and } ) ]IGI : o192 hours,
1(. Dehydrate in 90 ‘f,, il A R S
11. " in absolute » R Rl | e 2%,
12, Clear inoilof cloves . . . . . . . G
13. Wash in xylol.

14, Soak in xylol . . . = w1 day.
15. Imbed in a weak sol. of f_ﬂm;ulq lﬂl-:.un - w3 days.
16. » In @ strong o 2 i A
17. ,, in thick Canada balsam at i{}’ C. ; s lday
18, 5 an: . = o 90" C. g w 2 days.

19. Grind when eool and brittle.
H). Mount in Canada balsam.
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Hopewell Smith’'s Process.

1. Remove the apex from a fresh tooth.

4. Fix in 2% formaline T e 2, | i i 1,7
d. Harden in 547, aleohol e : W 20 days,
4. Wash in normal salt solution (-6 %), .In dlhl

protect the soft parts with collodion.

5. Decaleify in 12 ce. of 109 HCI . . | . w15 hours,
i3, * add 1:5 c.e. pure HNO, . . . 5 33
T = add 1:5 c.c. pure HNO, again . o 27
5. Neutralise in lithium carbonate (6 grs.—1 0z - %
9. Wash in distilled water,
10. Imbed small pieces in gum mueilage . . | e
11. Freeze, cut, and Hoat off sections on water,

atain,

12. Dehydrate, clear, anil mount.

Muller's Fluid,

Bichromate of Potash B, e 23 parts,
Srilphate of B0dR . . s 6 2o a e s L puart.
Waler Do am s R e e e LR

Chromie Acid Process.

1. Place the tooth in hall a pint of —
Chromic acid . 1 volume.
Nitrie acid 1 o
Water . . 100 volumes,

2, Change frequently . . . . . . . 3-4 weeks

Wash thoroughly.
Imbed i paraffin, cut, stain, ete.

Imbedding.

Gum Mucilage Imbadding.

1. Pix.
2. Wash in water.
3. Imbed in—CGum mucilage, 5 parts.
Byrup, . ) . 15 hours.
. Place on a microtome and eover mLh ]l]L'ILIl.I.EL'.
). Freeze, cut, and float off sections on water,
ti. Btain, dehvdrate, clear, and mount.






67

Collodion Imbedding (for large objects).

1. Dehydrate in absolute alechol.
2. Soak in a mixture of equal parts of aleohol and ether.

3. Place in a very thin solution of eolledion.

4. Place in a thick S = i
3. Allow the solution to evaporate slowly,
ti. Remove the object to 307 alechol to harden,

L

1. Cut with a microtome.

8. Stain and dehydrate.
. Clear in cedar oil (not oil of cloves),

10, Mount.

The time taken will depend on the size and permeability of

the object.

It is better, when possible, to make cuts in the

specimen to hasten penetration.

Parafiin Imbedding (for small ohjects and very thin sections).

1. Dehydrate.
2. Clear in cedar oil.
. Place in melted paraffin (45 C.) till saturated (1 hr).

5, Mount on a microtome and eut.
6. Warm and wash out paraflin with naphtha.
P!

3
4, Cool rapidly. (To prevent erystallisation.)
i

. otain, clear, mount.

In either method the object mav be stained in mass before
imbedding, if preferred.

Stains.

Aleoholic Borax Carmine
Is a general stain for staining large pieces of tissue,
. Place in the stain till saturated . . . . 2-4 weeks.
2. Place in acid aleohol to fix the stain .+ 12 ‘hours.
3. Dehydrate in 90 7% and 100 7 neutral aleohol 12 hours each.

Acid Alechol :—T70% aleohol and two dreops HCI to o test-tube foll,

Silver Nitrate

Is used to stain intercellular substances and show up the
outline of cells.
1. Wash the fresh tissues in distilled water.

2. Place

colour,

im 1% AgNO, in the sunlight till of a whitish-grey

Ja =

3. Wash and mount at once.
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Hematoxylene.
For staining nuelei.
1. Place the section in a dark sol.
2. Wash well in water.
4. Dehydrate in absolule aleohol
4. Clear in cedar oil and mount.
To counter-stain with eosin.

aleohol used for dehydrating ;
stain,

of hwmat.

add

Mummery's Iron and Tannin.
For staining nerve endings.
1. Wash the seetions in water.
4. Place o liquor ferri perchloridi
3. Wash quickly and thoroughly.
4. Place in tannic acid (2
5, Wash in water,
Golgi's Method.
For staining ealeo-globulin.
1. Place the sections in a mixture of —
2 % sol. potassinm bichromate, 8 parts.
1 % sol. osmic acid, 2
2. Remove to 0-5 7 AgNQ, (in the dark)

dehydrate, clear, and mount.

I¥

3. Dehydrate, clear, and mount in gum dammar.

Underwood’s Gold Chloride.
For staining intercellular tissues and canals.

1. Grind secction.

2, Wash in 1% Na,CO..

3. Nentral 1% fiﬂ].. of AuCI_.F (in the dark)
4. Wash in water 5 i
O Warm 1 % sol. of formic acid ( Sl |
ti. Wash in cold water.

7. Dry and mount in glycerine jelly.

To Eta,m Bacteria.

. Place the seetions in a
‘wentian violet |

. Wash in Gram solution 3
d Wash in absclute alechol till fliﬂf_,[ﬂl'll.lrl[t‘il
4. Clear and mount,
Gram Solution :—

Todine . . . b 1 Jart
Patassinm iodide 3 parts,
Water S0

¥

08N to
this gives a very

grs—b6 c.c. of water).

strong aleoholic sol.

| ;
i ht]lli.

10V mins.

the absolute

useful double

24 hours.

. 0=10 mins.

24 hours.
1 1]:1:.'.

1 hour.
10 mins.
1 hour,

[

>

3 mins.
, G
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To Show :—

Enamel Prisms.
Grind and mount unstained,

Transverse Strise of Enamel Prisms.
l. They may be slightly seen in ordinary ground sections.
4 Grind o section, wash it in weak HClL and stain with
carmine.

Brown Strise of Retzius.
An ordinary ground section.

Dentinal Fibrils.

1. Weil's process.

2. Hopewell Smith's process.
Dentinal Tubes.

1. Unstained ground sections.
2. Underwood’s gold chloride.

Dentinal Sheaths. (Sheaths of Neumann,)
1. Golgi’s, method.
2. Grind a seetion and wash in HCl and then an alkali {tubes
only remain).

Interglobular Spaces and Owen’s Lines.
1. Weil's process.
2, Underwood’s gold chloride.

Vaso-Dentine and Osteo-Dentine.

. Weil's process.
2. Chromic acid process.

Pulp Cells, (Odontoliasts.)
1. Weil's process.
3. Hopewell Smith's process.

Nerves of the Pulp.
Mummery's ivon and tannin stain for nerve endings.
Oszmie acid for nerve trunks.

Encapsuled Lacunze. (Use a horse’s tootl.)
Stain a ground seetion with carmine after partially decaleiflying

in HCI,






Sharpey's Fibres.
Same as for eneapsuled laeuna.

Nasmyth's Membrane,

Cellular structure.
1. To show nuclet.

Remove from tooth with IHHCl and phlorogluein, slain in
Erlich’s acid hematoxylene, wash, and mount in Farrant
solution.

2. To show outline of cell.
Remove with HCL and stain with nitrate of silver.

Position.
Grind a section, mount on a slide, and wash with HCI; stain
with earmine.

Periosteum and Gum.
1. Chromic aecid method,
3. Hopewell Smith's method.

Developing Teeth.
1. Chromic aeid method, earmine stain, and pavaflin imbedding.
2. Hopewell Smith’s method.

Caries of the Enamel.
Ordinary ground section.

Caries of the Dentine.
Weil's method.

Germs in the Tubes.
Break off the enamel from a carious tooth.
Wash in salt sol. and remove soft part with one cut.
Place in gum mucilage.
Freeze and cut.
Stain the seetions by Gram's method.
Clear and mount.

Translueent Zone.
1. Weil's method.
2. Underwood’s gold chlovide,



















