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PREFACE TO SECOND EDITION.

IN revising this work the Editor has borne in mind the original
motive of its author, namely, the production of a text-book which
may serve as a useful basis of instruction upon a subject which
students find difficult to comprehend from lectures alone. To this
end, while the original plan and arrangement of chapters have been
in the main adhered to, no hesitancy has been felt in revising the
text, which, with the exception of certain portions, has been re-
written in order that new material might be inserted in its proper
place and bearings. Where material has been drawn from the
work of others full credit has been accorded. The section on
pharmacology has been omitted, and 1n 1its stead the remedial
agents referred to in the text have been completely indexed, so that
their uses may be studied without difficulty.

The Editor desires here to express his thanks to the authors whose
illustrations appear in the book and to the editors and publishers
of the various dental journals and text-books from which they have
been taken. In no instance has a request been denied.

In consideration of the fact that acknowledgment is not mani-
fest in the text, the Editor would thank the S.S. White Dental Manu-
facturing Company, the Dental Manufacturing Company, Limited
(London), P. Blakiston, Son & Company, William Wood & Com-
pany, and the J. B. Lippincott Company, for cuts from text-books
published by them. Thanks are also due to Lea Brothers & Com-
pany, from whom the Editor has received the most generous aid and
who have spared no pains to comply with every desire.

(@5 D

PHILADELPHIA, AvausT, 1004,






PREFACE TO FIRST EDITION.

Tr1s volume is designed as a text-book of the principles and prac-
tice of dental medicine for the use of students, and as a reference work
on applied special pathology and therapeutics for the use of dentists.
Accepting the dictum of the advanced teachers of the day, the writer
 believes that an entirely rational system of dental medicine can have
but one basis—namely, the same principles which underlie general
medical and surgical practice. The book represents, therefore, an
attempt at formulating, from data obtained from every available
source, a system of dental pathology and therapeutics of which the
several parts shall be in harmony with one another and also with the
several collateral sciences involved. The impulse prompting the work
was no desire to multiply books, but arose from a conviction expressed
by many teachers, that such a volume is needed by students, prac-
titioners, and teachers.

The extent and scope of references may be only partially seen in
the numerous foot-note references, space limitations precluding any
exhaustive bibliography.

It would be unjust, however, to omit this opportunity to credit
two investigators without whose researches this volume would have
been impossible: Professors G. V. Black and W. D. Miller, to whom
frequent and specific references are made.

The immense development of modern dentistry has brought with
it a more rational and convenient grouping of its subjects. The
American  Text-books of Operative and Prosthetic Dentistry have
already won acceptance, each in its own field. They leave untouched
a range of subjects which are naturally cognate, and hence are most
advantageously taught in conjunction—namely, Dental Pathology,
Therapeutics, and Pharmacology. The fitness of this grouping is
manifest,

H. H Bs
Arrin, 1898,
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DENTAL PATHOLOGY AND THERAPEUTICS.

B B OO A
GENERAL PATHOLOGY.

CHAPTER I
GENERAL PRINCIPLES,

GENERAL pathology (pathos, disease, and logos, a discourse) is that
branch of science which treats of the modifications in function and
changes in structure occurring in disease. It embraces all pathological
processes occurring in the human body, and as many of these occur
in and about the teeth modified only by the peculiar anatomy of the
parts, Dental Pathology may be said to be that branch of dentistry
which treats of modifications in function and changes in structure
occurring in the diseases of the teeth and associate parts.

This being true, it follows that the study of dental pathology must
be preceded by a study of the general disease processes which affect
the tissues of the body, and such of these as are applicable to the study
are known as the General Principles.

The word Therapeutics is derived from the Greek therapeuin, to
take care of, meaning the measures adopted to remedy or remove
the changes induced by pathological processes.

The study of the pathology of a part begins with a study of its
anatomy and histology, then naturally follows a study of its physiology
and embryology. These form the basis from which degrees of abnor-
mal function and altered structure may be judged by comparison
with similar processes occurring in other parts of the body.

The body is composed of cells held together by intercellular sub-
stance. These cells are the essential functionating parts of the organ-
ism; each cell is composed of a small mass of protoplasm containing
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GENERAL PRINCIPLES. 91

The cell subdivides, or reproduces more quickly. Increase the stimu-
lation, and the vital activity becomes fretful; in some cases cell division
is incomplete—the nucleus divides, but not the cell body. Increase
the stimulation beyond this degree, and the wearied cell ceases its
movements—refuses to respond; is paralyzed by overwork.

Sedation. If the conditions be reversed; if, instead of applying a
stimulus to the cell, an opposite influence be introduced, the phenomena
are reversed.

It the temperature be reduced, the movements of the cell become
sluggish; the body changes its form more slowly and less extensively—
1. e., contractility is lessened; particles taken into the cell remain
apparently unchanged; irritability, secretion and excretion are less-
ened; and, furthermore, reproduction does not occur nearly so rapidly
—that is, the cell in contact with sedative influences has all of its
activities lessened.

There are two great classes of influences, then, which affect the
vitality of cells: stimulation, which, if continued long enough, leads
to death through overwork; and sedation, which, if continued, para-
lyzes all of the energies of the cell—it is starved to death.

Every cell has a range of resistance to these influences which tend
to destroy it, which is fitly termed the resistance of vitality. Disease
itself is some alteration in any one or more of these several cell-proper-
ties, of irritability, contractility, growth, secretion, maintenance, or
reproduction. If any one of these properties is not exhibited, it is
said that the cell is diseased.

It a brood of cells derived from one parent be examined, some will
be seen to grow more rapidly than others, their movements are more
rapid and they reproduce more quickly; others have sluggish func-
tions and movements.

The cell lives its cycle and reproduces, and the parent is no more,
the life being continued in the offspring.

The life and properties of this small mass of protoplasm represent
in miniature the primitive functions and life of the highest animals.

The contractility is represented in the motive apparatus of the higher
animals.

The reception, engulfing, and dissolving, or casting out, bodies with
which the amceba is brought in contact correspond in the higher animals
with the digestive apparatus and process and the exeretory funetion.

"The highly evolved irritability is represented in the nervous system
of the higher animals.






GENERAL PRINCIPLES. 93

cell protoplasm as it becomes effete takes up oxygen and splits into
a nitrogenous molecule, which is the first stage in the formation of
urea and a non-nitrogenous molecule which forms fat.”* In the pro-
cess of healthy nutrition these products of the metabolism of the cells
are still further elaborated and then removed.

The exact nature of the chemical changes occurring in cells is not
known, and there is evidence that changes occur in the cell waste
either in the blood or in various organs of the body. While then the
bodily ejecta contain substances fairly constant in composition, they
are held to represent elaborations of cell waste rather than actual cell
ejecta. For example, urea is pretty certainly derived from muscular
tissue, yet is nearly absent in muscle and is supposed to be synthe-
sized from ammonium carbonate and water in the liver® Lactic
acid and ammonium carbonate have been experimentally shown to
be probably combined into uric acid in the liver.* The cell waste
is carried by the lymph into the lymphaties connecting with the inter-
cellular spaces. Thence it is delivered by way of the venous system
to the circulation for further elaboration and elimination from the
body. Any interference with such elaboration or elimination must
of necessity result in a retention of waste products within the system.

Cell metabolism is a chemical change and is therefore accompanied
by heat production. Energy is stored up in the cell as latent force
capable of liberation under stimulus, which foree is expressed in various
forms of functional activity—. e., contractility in muscular tissue,
irritability and mentality in nervous tissue, secretion in the various
secretory glands, eliminative selection in the various excretory organs,
ete. Cells after a period of activity undergo degenerative processes
and are removed or reproduce by the process of mitosis (Fig. 5).

The life conditions of cells are necessarily those under which they
best perform these functions without exhaustion, and are the follow-
ing: 1. A proper food supply, including water and oxygen. 2. A
proper temperature. 3. A proper removal of waste products. 4.
Possibly a proper innervation. Any interference with these condi-
tions, which may be termed the normal physiological conditions, results
m a morbid process of physiology or pathology in its limited sense.
With such interference disease may be said to begin. The definition
of disease as an alteration of nutrition is therefore appropriate. For
this reason the proximate exciting causes of disease are classed as

I Gireen, Pathology and Morbhid Anatomy, ninth edition, p. 47,
¥ Behrider, Kirke's Phyvsiology. & Ihid,






GENERAL PRINCIPLES. 25

a knowledge of remedies applicable, known as the Materia Medica.
When applied upon the basis of a scientific study of the pathogenesis,
clinical history, and prognosis of disease and a parallel knowledge
of the physiological action of drugs and of other remedies, the treat-
ment is known as Rational Therapeutics. When the treatment is
based upon the known good effects of a remedy in a certain disease,
and not upon its physiological action, it is known as Empirical Thera-
peutics.

The pathogenesis of a disease being known, intelligent efforts may
be exerted for its prevention. The causes may be removed or neutral-
ized before they have an opportunity to act; this is Prophylaxis. The
science of prevention of disease upon the broad basis of a knowledge
of and observance of laws of health is Hygiene.

It will be seen that a knowledge of special pathology can only be
obtained from (1) a knowledge of pathology in general or at least of
those principles of general pathology which underlie all disease pro-
cesses; (2) a knowledge of the local anatomy and histology; (3) a knowl-
edge of local embryology and physiology; (4) a study of local pathology
and morbid anatomy. To this must be added a study of materia medica
and special therapeutics.






EXCITING CAUSES OF DISEASE. 7

of bacterial action, whether absorbed from the intestines or from foci
of infection, have all more or less deleterious action upon cell proto-
plasm, violent if entering the blood in quantity, chronic if entering
continuously.

In anemia the red corpuscles are reduced in number, hence less
oxygen 1s carried to the tissues.

Faults in the circulatory apparatus interfering with the circulation
generally cause an interference with general nutrition, while local
disturbances of the circulation from any cause disturb the relations
of the blood supply to the nutrition of a part. Thus the fresh blood
supply may be excessive, as in the milder form of arterial hyperzmia,
or deficient, as in venous hyperzmia and inflammation.

Abnormal Waste Removal. Abnormal waste removal is ordinarily
included under the heading of abnormal food supply, and it is evident
that retention of waste in the blood causes the presentation to cells
of an abnormal food or poison. In local conditions such as venous
hyperemia and inflammation the stasis causing waste retention pre-
vents the access of a fresh food supply as well. In kidney disease
the substances ordinarily physiologically eliminated by the kidneys
are retained in the blood and act as poisons to cell protoplasm gen-
erally.

Abnormal Physical Conditions. 'This class of disease causes in-
cludes all injuries due to any of the physical or chemical forces: Trau-
matic injuries, such as cuts, bruises, surgical openings, etc.: Mechanical
causes, such as compressions, obstructions to ducts or the natural out-
lets of the body, faults in the circulatory mechanism, stoppages in
the arteries or veins, abnormal temperature, burns, freezing, etc.:
Irritations of various sorts, such as those due to mustard, arsenie, ete.
Chemical causes, such as the action of acids or caustics, and the local
effects of micro-organisms may all be classified under this heading.
The disturbance is due to either a direct destruction of the life of the
cells or an interference with the circulation in a part.

Abnormal Nerve Supply. It is known that division of, injury to,
or disease of certain nerves causes trophic or nutritional changes in
the part to which they are supplied. Whether the nutrition of the
parts is controlled by special trophic nerve fibres has not been demon-
strated. Halliburton,' in support of the trophic influence of nerves,
instances that when the fifth nerve (sensory) is divided beyond the

| Kirke's Physiology,






PREDISPOSING CAUSES OF DISEASE. 929

to infectious or non-infectious diseases. The human race in general
is naturally predisposed to many infectious diseases, such as tuber-
culosis, cholera, malaria, measles, smallpox, typhoid fever, scarlet
fever, and syphilis." When a person is exposed to the disease and
contracts it he is said to be predisposed to it. If he does not contract
it his system is immune either temporarily or permanently. (See Im-
munity.) This immunity is ordinarily operative when the individual
is in the best state of health, and when a departure from this standard
is brought about by any cause exciting infective causes may then act.
This is acquired predisposition. Some individuals have a natural or
congenital lessened resistance to external influences of a non-infec-
tious character, such as heat or cold, mental effort or nervous irrita-
tions of a degree ordinarily borne by the great majority of individuals.
This may also be acquired, as, for example, by extreme subjection to
the above or other enervating causes. An inherited predisposition
to such diseases as insanity, cancer, or gout may exist.

Some persons cannot bear certain kinds of food without illness or
react strongly to small doses of drugs. This is called an idiosyncrasy
and may be either congenital or acquired.

The predisposing causes capable of producing a lessened resist-
ance may be grouped under a few headings.

Sex as an Intrinsic Predisposing Cause. In this connection the
influence of sex upon predisposition to disease must be considered.
While the general resistive power of the bodies of both sexes may be
regarded as practically equal under similar conditions, yet the anatom-
ical structures and physiology of each sex have an influence upon predis-
position to certain diseases. Aside from the diseases peculiar to sex,
on account of their peculiar organs, each sex exhibits predispositions
to diseases which the other sex escapes; for many of these the habits
of life furnish an explanation, for others an explanation is not avail-
able. For example, while women are predisposed to functional and
emotional disturbances of the nervous system, such as hysteria, they
are almost exempt from such structural nervous diseases as locomotor
ataxia and general sclerosis. Males are much more subject to haemo-
philia than women.

Age. During the first two years after birth the nervous system
and the appendages of the alimentary canal are developing, and
improper feeding, difficult teething, or other influences readily act
as exciting causes of alimentary or nervous disturbances.

I Fiegler, Gemernl Pathology,






PREDISPOSING CAUSES OF DISEASE. 321

the vital resistance normally implanted in an individual, and there-
fore may to a certain extent be counted upon in a prognosis. Tem-
perament 1s a predisposing cause probably only in so far as it intro-
duces a natural general lack of resistance to disease, or irresistibly
drives an individual into certain habits of life which may become the
cause of a lessened resistance.

Heredity. Certain diseases exhibit a predisposition to descend
from parent to child or from grandparent through the unaffected son
or daughter to a grandchild (inthe latter case it is called atavistic
hereditary transmission).

The mode of transmission is in all probability the inheritance of a
type of tissue, a tissue anatomy and physiology which permit the
more ready action of the exciting causes of the disease. This tend-
ency is called a diathesis—e. g., hemorrhagic diathesis (hzemophilia),
gouty diathesis, or tuberculous diathesis.

Existing Disease. The presence of one disease may weaken the
resistance of a part or the organism so that another disease may the
more readily become implanted—e. ¢., measles accompanied by
pneumonia.

Previous Disease. At a period subsequent to disease the same
disease may recur or another disease may be implanted—e. ¢., pneu-
monia predisposes a lung to a recurrence of pneumonia or tubercu-
losis may readily follow. Previous disease may confer immunity
(which see).

Extrinsic Predisposing Causes of Disease. Under this head are
included all those conditions of external origin which lessen the resisi-
ance of an individual to the action of exciting causes. Excessive heat
is weakening; cold and damp, by chilling the surface of the body, cause
hypersemia of internal parts.and thus predispose to such diseases
as pneumonia, rheumatism, ete. Fatigue, unhealthy, cramping or
sedentary occupations, continued loss of sleep from any cause, evil
habits, continued hunger, ete., are other examples of debilitating
influences which may be partly intrinsic.

Local Predisposition.

Alterations in the normal physiology of a part are apt to occur
through certain causes liable to act upon it. Apart from this fact a
part may be predisposed, by nature apparently, to permit the growth
of organisms which do not grow well in other tissues. Local depres-
sion of tissue vitality predisposes to the growth of organisms in the
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4. “Some of the blood is then withdrawn and the serum is separated,
sterilized, and stored for subsequent use.”

The subcutaneous injection of a small portion (about 20 c.c.) of
this substance will render a person exposed to diphtheria immune for
a period of about six weeks. If injected in the early stage of an attack
it renders the system more capable of warding off the serious toxic
effects of the toxalbumins produced by the germs.

In the case of smallpox the Saracens in the sixth century introduced
the protection against the disease by introduction of a minute quantity
of the virus from a smallpox pustule into the body of a healthy person.
A mild attack ensued, which conferred immunity. Later, in 1798,
Jenner introduced inoculation with the virus from a bovine—cowpox
pustule. This practice of vaccination is still used to confer immunity
to smallpox.

The nature and action of antitoxins are unknown. Ehrlich! theorizes
that the body cells receive and neutralize the toxin at first presented
to them, and that the cells under this stimulus form an excess of the
neutralizing substance (self-formed antitoxin) which floats in the
blood serum, and therein combines with fresh portions of toxin absorbed
from the focus of infection. It is considered that a special antitoxin
is formed for each form of toxin.

In the case of serum therapeutics as described for diphtheria, which
represents the principle involved, the antitoxin is formed in the body
of the horse instead of in the human body. The principle does not
seem to be capable of application to all varieties of infection. In
natural immunity there is a healthy liquor sanguinis which contains
substances, probably of the nature of nuclein, which are germicidal for
bacteria. These substances are collectively known as ““alexins.”

According to Emmerich and Léw a third body, an enzyme formed
by the bacteria, may enter the blood and in sufficient concentration
first agglutinates and then destroys the bacteria (bacteriolysis). The
combinations of this enzyme with proteids are also considered to have
bacteriolytic action. (See Chapter III.)

I Vaughan and Novy, Cellular Toxins,












MICRO-ORGANISMS AS EXCITING CAUSES OF DISEASE. 37

the fluid surrounding them, and by which means they effect locomotion
(Fig. 12). Other bacteria again are non-motile. Entering the organic
compounds, carbohydrates, hydrocarbons, and nitrogenous (albumin-
ous) substances, they ferment or decompose them and extract from them
substances necessary to their growth and subsequent reproduction.

Fig. 12, _

¢

i, spiral forms with a flagellum at only one end; b, bacillus of typhoid fever with flagella
given off from all sides; ¢, large spirals from stagnant water with wisps of flagella at their
ends (spirillum undula). (Abbott.)

The substance in which they thus grow is called the medium or soil.
The conditions under which this is accomplished are: (1) the fungi
must have a proper vitality; (2) their food supply or soil must be suited
to their growth and must be moist; (3) the temperature must be suita-
ble; at or near 0° F. their development ceases, but they are not neces-
sarily killed; at 160° F. maintained they usually die, but in some cases,

Fia. 13.

Typhold bacilli—stained by Van Ermengem's method to show flagella,

as with the typhoid bagcilli, they may live in the spore form at even
212° F. unless maintained for some time. (4) Their waste products
must be removed or they die in them—e¢. g., in lactic fermentation 0.75
of 1 per cent. of lactic acid destroys the germs. Morphologically the
schizomycetes are grouped into several classes according to form.
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tions the bacilli form glistening oval bodies within themselves. The
body of the bacillus may disappear, leaving the spore only. These
spores are very resistant to devitalizing agents. The bacilli forming
spores are said to be in the resting stage. These spores under favor-
able conditions again form bacilli like their progenifors, but do not
form other spores without this return to the bacillus form. A single
cell forms as a rule but one spore. Under unfavorable conditions
bacteria may undergo degeneration and take on abnormal or involution
forms, and when the conditions are again favorable to development
they may resume their typical forms.! While these form changes occur,
bacteria are never permanently changed from one form to another.’
Those bacteria which have several forms in their life cycle are termed
pleomorphic. Those having but one form are monomorphic. Those
bacteria which exist on living tissue are known as parasitic. They
enter the body by way of open wounds or surfaces deprived of epithe-

Fia. 17.
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a, spirillum of Asiatie cholera (comma baeillus) ; b, involution forms of this organism
ns =een in old cultures. (Abbott.)

lium or may lodge at certain points of the mucous surface of the lungs,
skin openings, or alimentary canal. If not killed out they multiply
in the natural juices of the part on which they locate and produce an
infective inflammation. Toxie substances called toxins are generated,
which are absorbed into the system and may act as poisons, produc-
ing toxiemia. The character of both the inflammation and the poison-
ing depends upon the particular bacterium or bacteria present. The
bacteria may in certain cases be taken into the blood and, coming to
rest at certain spots, the above-described process is repeated.

The bacillus anthracis divides in the blood stream,” and other organ-
isms, such as the diplococcus pneumoniwe and bacillus influenzie may
exist in it. Many forms of organisms exhibit a preference for certain
spots at which they find the conditions best suited to development
—¢. g., the typhoid bacillus in the glands of the ileum, Peyer’s patches;
the anthrax bacillus in the lungs of animals; the diphtheria bacillus

1 Abhbott. 1 (dreen,
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bacteria which multiply at the expense of the substance which they are
fermenting; (2) unorganized ferments or enzymes, nitrogenous bodies
produced by living cells which have the power of producing chemical
changes in organic substances. They thus affect many times their
own weight of the particular organic substance being fermented with-
out being themselves much affected, though eventually exhausted.
Typical examples are ptyalin of the saliva, which changes starch to
glucose, and pepsin of the gastric juice, which changes albumin to pep-
tone. The unorganized ferments usually act by oxidizing, deoxidizing,
or hydrating the substance modified.

About one-third of all pathogenie bacteria have been shown to pos-
sess such unorganized ferments.! It is probable that they produce
their effects on organic substances by the aid of these ferments, which
serve them as pepsin serves man. It is thought that in other cases
the germs take up organic food, digest it, and excrete waste products
in somewhat the same manner that the body cells nourish them-
selves. As a rule more than one species of bacterium infects a ferment-
able substance. The more active varieties predominate in the fer-
mentation, but mixed fermentations may proceed. Some may die out,
finding an unfavorable soil. After a time the predominating bacteria
may die in the waste products accumulated about them, leaving
the field clear for a second or third variety. In this way progressive
decompositions may oceur—e. g., the alcoholic fermentation may be
succeeded by the acetic, in which the alcohol is changed to acetic acid,
as in cider-vinegar formation. The nature of the chemical changes pro-
duced in a fermentable substance depends upon the chemical nature of
the latter and upon the nature of the fungus causing the fermentation.

Thus in an infusion of vegetable juices containing sugar a yeast
fungus (one of the blastomycetes) will produce carbon dioxide gas and
alcohol if the oxygen of the air be freely admitted, while if to a fresh
portion of the same solution scrapings from carious dentine be added
lactic acid will be formed and, as a rule, no gas. Moreover, the reac-
tion will oceur if oxygen be excluded.®* In albuminous compounds an
alkaline reaction and entirely different substances will be formed upon
the addition of carious dentine.

The progressive decomposition of albuminous matter into simple
compounds is effected by many bacteria through processes of oxida-
tion, deoxidation, and hydration.

I Gireen, Pothology and Morbid Anntomy, 2 Miller.












BACTERIA OF THE MOUTH. 45

With the exception of S. brevis and perhaps Cladothrix and B. bue-
calis maximus these are uncultivable on laboratory media, are strictly
obligate parasites. Of the last-named organism Goadby obtained
biological characteristics of the pure culture, but did not establish its
disease-producing power, if any.

Certain pathogenic organisms have been shown to be present in
the mouths of healthy persons, such as bacteriological investigators;
those nursing infectious diseases, such
as diphtheria, scarlet fever, ete., and
even in the mouths of healthy indi-
viduals apparently not exposed to any
infection. In about 10 per cent. of
all individuals examined at random
Netter found staphylococeus pyogenes
aureus (golden pus). Staphylococcus
pyogenes albus was also found. The
pneumococcus or diplococcus pneu-
monize was found in the mouths of
about 15 per cent. of healthy indi- :
viduals. This organism has been oo Mintoe e
found b}r Kirke to bhe &ppﬂl‘ﬁl‘ltl}-’ canus- From a section of lung in the ““red hepa-

. . tization ' stage of acnte pnenmonia. In
afive 'Df pEﬂc&mental ﬂbﬁﬂﬁﬂ-ﬂ, ﬂnd hE.S the upper part of the field is a cell con-

been reported by Schreier* as found in :;,"t‘:““x*‘;‘;:;“ {E?f:;‘;'“ss"ﬂ:" SRR
75 per cent. of cases of apical abscess
examined. It has also been related with cases of osteomyelitis. The
bacillus diphtherize of Loeffler has been found in about 10 per cent.
of mouths examined at random, and 33 per cent. of 600 children in a
school examined during an epidemic of diphtheria were found to have
the bacillus present in the mouth, while but about 2 per cent. developed
the disease” This latter fact shows the absolute necessity for a pre-
disposition as well as an exciting cause

The bacillus tuberculosis exists in the mouths of many suffering
from pulmonary tuberculosis, and exists also at times in the mouths
of the healthy. Primary tubercular osteitis has been observed. The
saccharomyces albicans may be present and at times produce thrush
(Fig. 9).

The bacillus typhosus (typhoid) has been found in the healthy
mouth, and at times has oral pathogenicity. Many other organisms
have been isolated from the human mouth. Some of these have specific

H1G, 21,

| Dental Cosmos, 1808, ! Gondby.
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The relation of an unclean mouth to effects upon the mouth and
alimentary canal and air passages is, therefore, a direct one of an
importance that renders exact studies in this direction of extreme
value. Unfortunately the problem is but partially worked out. (See
Pyorrhcea Alveolaris.)

THE RESISTANCE OF THE TISSUES TO INFECTION.

The resistance of the tissues to bacteria is to be considered from
two main standpoints:

1. The prevention of the entrance of bacteria into the tissues.

2. The destruction of the bacteria after entrance into the tissues.

(1) The prevention of entrance. It has been shown that pathogenic
bacteria may enter the mouth, alimentary canal, lungs, etc., but few
develop.

The skin acts as a mechanical barrier, though its openings may at
times harbor bacteria.

Fig. 24,

1, a spore which has penetrated the intestinal wall and entered the abdominal cavity, where
four lenkoeytes have surrounded its end: m, the muzcular layer of the intesting; e, epithelial
layer; & the serous layer. 2, a spore surrounded by leukocytes from the abdominal cavity of
a Daphne. (dMetchnilkoff, )

The mucous membrane secretes mucus, which envelops bacteria
and with it they are carried away. The healthy mucus also has appar-
ently a devitalizing power tor some bacteria, not for others. The acid
gastric juice kills many and probably the intestinal juices also inhibit
in large degree the action of such as have entered the alimentary eanal.
In all cases the agitation of the fluids of a part seems to act mechanic-
ally to prevent localization of bacteria.

(2) The prevention of development in the tissues. Within the
healthy tissues bacteria find several elements opposing their devel-
opment.

It seems the concensus of opinion of pathologists that the blood
serum contains a germicidal substance or substances probably of the
nature of a nuclein and called by Buchner “alexin.”

This belief is mainly based upon the demonstrations of Nuttall that
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dies, or a metastasis may oceur, in which case the process is practically
repeated in another locality.

The absorbed toxins may produce a toxemia in either case; a reac-
tion takes place upon the part of the body cells generally and new
substances enter the blood, which are not necessarily fatal to the organ-
isms themselves, but act as antidotes to their toxins, which they neu-
tralize'—i. e., they are self-formed antitoxins. (See Immunity.) A third
body may exist in the blood after infection, consisting of an enzyme
produced by the bacteria, and which after reaching a certain degree
of concentration may first agglutinate the bacteria in masses (agglu-
tination) and later dissolve them (bacteriolysis). This action may
oceur either in old cultures out of the body or in the blood, ete., within
the body.” The general name of nucleases has been proposed for
these ferments.

Combining with certain normal albuminous bodies in the blood
they produce combinations known as immune proteids, which retain
the original bacteriolytic properties of the enzymes and in some cases
have antitoxic properties as well.

Emmerich and Low, who are responsible for the above formula-
tions, claim that experimentally the enzyme of bacillus pyocyaneus
(pyocyanase) and its immune proteids (pyocyanase-immune proteids)
are bacteriolytic for B. pyocyaneus and the bacteria of anthrax, typhoid,
diphtheria, pest, and Asiatic cholera.’

The theory as demonstrated runs somewhat counter to that of
Ehrlich’s theory of antitoxin formation (see p. 33) and both are
necessarily sub judice.

EXTERNAL ANTIBACTERIAL INFLUENCES.

Many chemical substances and physical forces prevent the growth
and reproduction of bacteria without necessarily killing them; these
are called antiseptics; a weak solution of boric acid is an example,
agitation is another, dryness another. Other substances or forces
lall the bacteria after an exposure to their influence for a sufficient
length of time; these are germicides—e. ., a 1: 1000 solution of mer-
curic chloride in water, boiling water, or streaming steam; light for
some bacteria. Other substances destroy both the bacteria and their
products; these are disinfectants
stances liberating nascent oxygen.

e. ., sodium dioxide or other sub-

I Ehrlich, f Vioughan and Novy, 4 Thidl.
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nutrition. The new-growth must be practically normal in structure.
As a rule both the size (simple hypertrophy) and number of the cells
(numerical hypertrophy or hyperplasia) are increased. The calibre of
the bloodvessels is increased to comply with the stimulus to their con-
trolling nerves—the vasomotors. Hypertrophy is frequently exhibited
in tissues subjected to an unusual amount of work short of marked
fatigue. An Increase in its function occurs; its capacity for work
becomes greater, and if the strong stimulus (mild irritation) implied
be continued the cells increase in size and it may be in number, all
three phases of the expenditure of an increase of vital energy being
represented—functional, nutritive, and reproductive. If the heart
be subjected to an increase in the strain ordinarily brought upon it
an increase in the volume of the museular fibres follows, causing hyper-
trophy of thewalls. The same is true of the muscles of the gravid uterus,
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Diog's hair encapsulated in subeutaneous tissue: a, hair: b, fibrous tissue; ¢, proliferating
granulation tissue; d, giant cells. Freparation hardened in aleohol, stained with Rismarlk
brown, and mounted in Cannda balsam, 5 66, (Fiexler. )

in which the cells increase to many times their normal length. When
one organ, as a kidney, takes up alone the work usually performed
by two it increases in size (hypertrophies). This is called compen-
satory hypertrophy. It may occur in an organ which endeavors to
supply the deficient function in another organ of different sort. Hyper-
trophy also occurs in many inflammatory conditions, and is due to
the area of hypersmia surrounding every focus of inflammation.
Thus the epithelium about the edges of an ulcer may thicken or new
bone may be formed about an area of inflamed bone tissue or perios-
teumn. The bone tissue may become more compact, a condition termed
sclerosis of bone, as it results in the formation of formed (intercellular)
tissue at the expense of the cellular elements.

The removal of an accustomed resistance often produces an irrita-
tion resulting in mild hypersmia and thickening or hypertrophy
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Dermoid cysts are cystic tumors of widely varying sizes found in
various parts, such as the ovary, neck, base of brain, orbit, etc. They
contain fatty débris, and are lined with epithelium, outside of which is a
corium with its papillee, and outside of this subcutaneous adipose tissue.
The whole is enclosed in a fibrous capsule of connective tissue. The
epithelial lining may contain and develop the characteristically der-
moid structures, hair, teeth, sebaceous and sweat glands' (Fig. 28).

Dermoid eysts are classed with the teratomata or monsters considered
as partially developed fetal structures attached to the surviving feetus.

Fra. 27.

Cyst of the lower jaw, having its origin about an undeveloped tooth  (Garretson.)

A tumor is a new-growth conforming to a degree to the normal his-
tology of a part, but having no physiological funetion and no typical
limit of growth. They are classed as benign or malignant accordingly
as they are strictly localized and comparatively harmless or tend to sap
vitality and to spread dangerously or to be transferred to other locali-
ties (metastasis).

The growth of a tumor is attended by a sapping of the vitality of a
sufferer—the degree of the debility produced being apparently in
direct ratio to the size and the rapidity of the growth. Besides the size
and the rapidity of development of individual tumors, another element
determines their malignaney, their position, and, furthermore, their
occurrence in other parts, resulting in multiple tumor formation. A

+ Alepler,
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as, for example, in cases of mammary tumor, a history of a blow or fall
may be at times obtained.

Long-continued, sluggish inflammation appears to be causative of
tumor formation in an unknown percentage of cases. A chronic irrita-
tion of certain portions of the body, such as the junction between the
mucous and skin surfaces of the lip, the sides of the tongue, etc., 1s a
frequent antecedent to their formation. Ziegler gives a reasonable
explanation of the origin of certain epithelial tumors in organs which
are undergoing atrophy; for example, in advanced age the connective
tissue of the body is undergoing atrophy and there is relaxation of its
strata; the epithelium of the surface (or of glands), still possessed of its
power of reproduction, proliferates and invades the connective tissue,
producing cancer.

Tumor formation consists in the reproduction of the cells of one or
more tissues, and in the growth thus formed bloodvessels are developed.
Tumors do not contain nerves. Their blood supply, however, is gen-
erous, so that for long periods a superabundance of nutritive material
is carried to them; but after a variable period, depending upon the
type of growth, the nutritive supply becomes disordered and degenera-
tions occur.

About the more slowly developing tumors a condensation of con-
nective tissue occurs in many cases, forming a distinct limiting wall
or capsule from which the tumor may be enucleated.

The two great classes of tumors, those of mesoblastic and those of
epiblastic and hypoblastic origin, may be subdivided into orders accord-
ing to their histological peculiarities.

Crass Ong!
TUMORS OF MESOBLASTIC TISSUES.

Order One.

Tumors of mature connective tissue:
Bony tumors, or Osteoma.
Cartilaginous tumors, or Chondroma.
Fibrous tumors, or Fibroma.
Fatty tumors, or Lipoma,
Muecous tumors, or Myxoma.
Lymphoid-tissue tumors, or Lymphoma.

I Alodified from Green's Pathology, pe 15,
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the indifferent stage, as seen in section of the embryonic jaw
(Fig. 29).

Mesoblastic cells at this early period are in an indifferent stage; some
of the cells shown in the figure will form bloodvessels, others will
become bone corpuscles, others
will form fibrous and others
muscular tissue. This strue-
ture has its analogue among
tumors in a soft, fleshy, rapidly
growing growth, called the
round - celled sarcoma. As
cells expend their vital energy
in three ways (nutritive, func-
tional, and reproductive ac-
tivity), the embryonic cells
of such a growth may ex-
pend their energy in nutrition : : : Jogk 4

L Forcine embryo: of, embryonic connective tissue
(growth), and will then grow SFernesabIaal B dro. S 0.
out of the indifferent stage
into a more mature form of connective tissue, the ultimate form of
one type being a fibre, an embryonic round cell undergoing a series of
form changes from a small vound cell to a long fibre (Fig. 30). The
growth may cease at any stage of this form change, the tumor composed
of such cell forms receiving a corresponding name. The embryonic
connective-tissue tumors, as stated, are called sarcomas, the form
of the cells composing them giving them a qualitying title.

Fia. 80.

1 2 3 4 5] 6
@ @—@‘—{E:::-—_—:I:-—f_______ﬂ

In Fig. 30 are represented the stages of development of a connective-
tissue fibre from a round cell. If growth cease at stage 1, and the cell
energy thereafter expend itself in reproduction, a rapidly growing
tumor composed of small round cells is formed—a small round-cell
sarcoma, markedly malignant. If the cells expend a portion of energy
in growth of cell size, a large-cell sarcoma is formed, less malignant than
the former. If the cells expend a portion of their energy in forming
intercellular substance, reproduction and malignancy are less active.
So the spindle forms, 3 and 4, represent less rapid reproduction and
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nucleated cells; this is a common form of tumor emerging from the
sockets of teeth. Some of the cells of a sarcomatous growth may go on
to maturity, while others remain at some stage of their developmental
career. Malignancy will be modified according to the amount of
mature tissue formed.

Epithelial Tumors. Growths arising from epiblastic or hypoblastic
tissues may be benign or malignant. What are called the adenomata
may be taken as the type of the benign epithelioma; that is, compara-
tively benign. They present all of the characters of typical glandular
tissue: numerous acini lined with epithelial cells and surrounded by
connective tissue (Fig. 34). Tumors of this type may lose their com-
parative benignancy and become of the succeeding epithelial type.

Carcinomata. These are growths arisingfrom pre-existing epithelial
tissue, which possess the characteristics of epithelium developing with-
out the limitations of a basement mem-
brane. Beginning upon a skin, or mucous
surface, or in a gland, the reproduced
epithelial cells are not sharply marked off
from the connective tissue by a limiting
membrane, but, gaining entrance to the
alveoli of connective tissue, they prolifer-
ate there, find their way into lymphatic
vessels and lymphatic glands, and repro-
duce epithelial growths in such places of
lodgement, so that a tumor having its
origin in one part may give rise to tumors
in other parts of the body—metastasis

, Section through an ageregation of
(Flg. 35} very yvoung cancer cells, lodged like
. e an embolus within a capillary of the
Like the connegiive-tissue  GUINOIS, e o Tl e o aa an

types of carcinoma differ as to rapidity adenocarcinoma of the stomach,
of growth in their original situation and E:fmﬁ’;:,_Ht?;};?l?:,;;t]' PR
in the degree of transference; these fac-
tors determine their malignancy. ‘Tumors of the sarcoma group may
also give rise to growths in other parts, the tumor cells being carried
thence by lymphvessels or bloodvessels.

After a period, tumors frequently suffer such interference with their
nutrition that degeneration occurs in them.

After removal, some varieties of tumors, both those which infiltrate
surrounding tissues and those which are metastatic, show a tendency to

recurrence; that is, removal does not effect a cure, and the tumor
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“The larger the amount of cell albumin replaced by fat, the nearer
is the whole cell to death.” (Fig. 40).

Causes.—Depression of the vital activity of the cells is always the
proximate cause. This may be induced (1) by an altered blood supply
or a persistent diminution in the supply of oxygen to the cells; (2) by
changes in the physical condition of the cells, or (3) by an expression
of the natural limit of life of the cells. Of these causes, probably

Fia. 39

il.
L" “:% a AF g
." L L
Liver cells in various stages of fatty Fatty degeneration of cells: a, from o cancer; b
accumulation. = 300, (RindfAeiseh.) from the brain in chronie softening, > 200, (Green,)

FiaG. 40,

Fatty degeneration of the heart, from a case of pernicions anemin. The protoplasmTis
replaced by globules of variouns sizes stained black by osmie acid. The outlines of the fibres
are ireegular owing to inequality in their distention. » 400, (Green.)

the insufficiency of oxygen supplied, as, for example, in anwemia or
in inflammation, or the inability of the cell to appropriate oxygen
seems to be the most important factor (Fig. 40). In inflammation
the oxidation of cells is interfered with, and fatty degeneration of

P Gireen, Pathology and Alorbid Anntomy.
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tion of fatty degeneration, by which process many of the cells are lost,
though the organ may recover if the patient withstands the original
disease (Fig. 41).

Mucoid, Colloid, and Hyaline Degeneration. The albumin of
cells may undergo other chemical changes than transformation into
fatty substances; they may undergo mucoid, colloid, or hyaline trans-
formation. The causes of the degeneration are not made out. The
function of the part affected is destroyed.

Lardaceous Degeneration. This type of degeneration is known
as amyloid, albuminous, or waxy. The formation of the material from
which this condition derives its name is preceded by an unknown type

Caleareous infiltration of renal epithelin. From the edge of an old infaret; o few tubules still
to be recognized. > 250, (Schmaus and Ewing.)

of degeneration of the cells of the part affected. The degenerative
processes appear to be the result of long-continued suppuration due
usually to tubercular diseases. In the connective tissue about the
degenerated cells a substance akin to albumin is deposited, which
causes swelling and a pseudohypertrophy of the organ affected. The
substance gives a reaction with iodine resembling that of starch; hence
the name amyloid (amylum, starch). It may affect any organ of the
body. It usually appears first in the connective tissue lying between
the inner and middle coats of small arteries. The swelling caused by

the infiltration markedly lessens the calibre of the vessels and diminishes
]
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NECROSIS.

Necrosis (from nekros, dead) signifies death in mass of a part due
to a profound disturbance in its nutritive supply or to a destruction of
the vital activity of its cellular elements.

Causes. The conditions which bring about a cessation of vitality
in the cells of tissues may, therefore, be grouped under two heads:
1. Interference with the supply of nutritive material. 2. Destruction
of the vital activity of the cellular elements.

Crass I.  An interference with the nutritive supply of cells through
obstruction in the arteries, capillaries, or veins is the usual cause.

1. Obstruction of the Arteries. If from any cause—surgical ligation
of an artery, pressure upon it by effusion or new-growths, degenera-
tion or affections of the arterial walls, the presence of an embolus
or thrombus—the flow of blood to a part is arrested, the nutritive
supply ceases and the cells dependent upon that vessel perish. If the
part receive a collateral arterial supply, the cells may retain their
vitality, although if this supply be inadequate they are in danger of
degeneration and atrophy. 'This will explain the greater relative fre-
quency of extensive necrosis of the lower jaw, as compared with necro-
sis affecting the upper jaw, the lower jaw being supplied mainly by one
large arterial trunk, while in the upper jaw there is a freely anastomos-
ing circulation.

2. Obstruction of the Veins. If the entire venous outlet of a part
be obstructed, there is not that removal of waste products necessary to
the life of cells; moreover, access of nutritive material is prevented and
the parts die.

3. Obstruction of the Capillaries. Complete obstruction of the
capillary supply to a part is followed necessarily by a cessation of nutri-
tion in the part; consequently necrosis results. For example, when an
inflammatory effusion oceurs between the surface of a bone and the peri-
osteum, the capillaries are torn from their attachment; and if the condi-
tion be prolonged, necrosis of the underlying bone results. When the
effusion occurs outside the periosteum its pressure may cause occlusion
of the capillaries of the part. The interference with the nutritive supply
may be due to a lack of force with which the blood is propelled, owing
to insufficient action of the heart. Necrosis is not infrequently due to
the violence and continuance of the inflammatory process in a part.
Coagulation of the blood in the capillaries of a part occludes the circu-
lation and death results.
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GANGRENE.

When death en masse of a part occurs as the result of an interference
with its nutritive supply the process is termed gangrene.

Sznile gangrene of the great toe, from o case of arterial thromboszis, The toe is shrunken
and its epidermis is being exfoliated. At the line of demareation the skin has retracted (@)
and the deeper parts are separating (b). (Green.)

Dry Gangrene. In parts which ordinarily contain but little fluid
the obstruction of the artery may be associated with but little obstrue-
tion of the veins and lymphaties. Under such circumstances the dead
part is drained of the little fluid it contains and a fresh access of fluid

FIG. 44.

Dry gangrene of the toes, caused by narrowing and closure of the arteries supplying these
parts—arteriosclerosis. [ Ziegler.)

is prevented. Exposure to the air aids a further loss of moisture by
evaporation. "T'he conditions are not favorable o the development of
micro-organisms and the part changes from a pale appearance to a
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Symptomatic Angemia. A diminution in the number of red cor-
puscles may occur as a result of protracted overwork, anxiety, study,
or long-continued illness, such as a fever.

The number of red blood corpusecles may be reduced to one-half the
normal amount, and there is a corresponding debility, The condition
may disappear with appropriate removal of the cause.

Chlorosis. This is a form of ansmia occurring, for the most part,
in girls and young women, and characterized by a great deficiency in
the heemoglobin of the red corpuscles without a corresponding reduc-
tion in the number of the red corpuscles. In the blood very small red
corpuscles (microcytes) are seen; also a few very large ones (macro-
cytes), and some of irregular outline (poikilocytes)." The pathology is
uncertain,

Being, as a rule, readily cured by a course of ironm, it is inferred
that the body is starved of iron, an essential constituent of hemo-
globin. It is often associated with gastric disturbances, constipation,
defective hygiene, and irregular habits, which apparently have a causal
relation. The skin and mucous membranes are pale and have a
slightly greenish tinge.’

Leukocytosis. This is not a form of angemia, but a temporary
increase in the number of multinucleated leukocytes, apparently derived
from the lymphoid structures of the body in response to some demand
for leukocytes. Thus it occurs after a full meal, in the later months of
pregnancy, in acute fevers, in tuberculosis, and in conditions accom-
panied by suppuration.® Tts presence during the course of surgical
disease has been held to be diagnostic of pus formation—e. g., in
abdominal surgery. (See Plate I., Fig. 4.)

Leuk#mia. ILeukemia is a disease characterized by a considerable
and permanent increase in the number of white corpuseles of the blood,
by a diminution in the number of the red corpuscles, and by enlarge-
ment of some of the lymphatic organs. The proportion of one white
to ten red corpuscles is common. The spleen may be hypertrophied
(splenic leukemia). The lymphatic glands may be hypertrophied
(lymphatic leukemia). In these cases the blood contains an excess
of uninuclear leukocytes. When the marrow of bones is hyper-
trophied (myelogenic leukwmia) large mononuclear leukocytes with
neutrophile granules are found (myelocytes).” (See Plate I., Figs. 6
and 7.)

! Green, Pathology and Morbid Anatomy. 1 Ihid. i Thid.

1 Cabot, Boston Medical and Surgical Journal, b Ziegler, Genernl Pathology.
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erations of heemophilics have been recorded.! Males suffer more than
females in the ratio of about 11 to 1.

According to Legg,® “It is of three degrees of severity:

“1. Characterized by external and internal bleedings of every kind
and by joint affections.

““2. By spontaneous hemorrhages from mucous membranes, but no
traumatic bleeding or ecchymoses, and no joint affections.

“3. A tendency simply to ecchymoses. The first is seen most fre-
quently in men, the second in women; the third may appear in either
sex.”

The joint affections are due to hemorrhage and simulate rheumatic
affections. Haemophilics are apt to be thin-skinned, neurasthenic,
and liable to sudden flushings and vasomotor disturbances.® Blondes
suffer more than brunettes.*

The injured part may bleed from the first or a normal clot may form
and secondary hemorrhage or capillary oozing occur. Death may
rapidly occur or the patient bleed to fainting or until almost dead and
hemorrhage then cease. This may require any period, even weeks.
The pathology of the condition is uncertain. Fillebrown® reports a fatal
case in which the arteries were excessively thin. Porter points out that
the blood may clot in the receptacle, yet not in the small vessels of the
wound, and infers that some hereditary deficiency exists which inter-
feres with the action of the vasoconstrictors.

Hzemophilics usually manifest a history of bleeding before puberty,
and hemophilic infants have died from hemorrhage due to gum-
lancing, circumecision, ete. The therapeutic measures indicated are
local styptics, compresses, etec. Hwmostatics internally, dilute sul-
phuric acid, hydrastis canadensis, calcium chloride, and gelatin locally
and by injection.” Absolute quiet and the withholding of food for two
days; the hunger to be relieved by small doses of opium and thirst by
ice-water in small quantities” The acute anmmia induced requires
treatment.

Individuals known to be heemophilic should live a hygienic life and
avoid all injuries, however slight, possible to avoid. If operation be
unavoidable they should be treated with caleium chloride, gr. i) fer
die, for not more than four days, as thereafter the coagulability of the
blood is decreased.?

! Porter, International Dental Journal, 1900, 2 Musser, Medieal Dingnosis.
¥ Porter, loe, cit, 4 Thompson, Practical Medicine,
" Tnternationn] Dental Journal, 1500, & Tlare, Procticnl Therapeutics.

T Porter, loc, cit & Fnre, loe it
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the surface of the body. A part having a lessened resistance may
become hypersemic.

Compensatory hypereemia may occur through the removal of one of
a pair of organs; the other receives the excess of blood, sometimes
becomes hypertrophied, and takes upon itself an increased amount
of work. (See Hypertrophy.)

Arterial hypereemia is produced as the first step in the process of
inflammation. (See Inflammation.)

Pathology. 'The arteries are dilated; there is an increased flow of
blood through them and also to them through their own nutritive
arteries; the pressure in the veins rises as the veins are enlarged to
accommodate the blood. As exudation sometimes does not increase
markedly, the lymph pressure is not increased except in marked cases,
in which some cedema may occur. The function of the part may be
disturbed in the more marked cases. (For illustrations, see Chapter
XVIIL)

Results. Continued arterial hypersemia, as a rule, results in an
increase of nutrition. The arteries may be permanently enlarged, their
walls thickened, and the tissues about them hypertrophied in con-
sequence of the increased capacity for work in the part. Hyperzes-
thesia of nerves and nervous tissue is often a result. In marked
hyperemia with function altered there is a tendency to the degener-
ations. (See Arterial Hypersemia of the Pulp.)

Symptoms. These naturally would be and are increased redness,
temperature, and sensibility; more or less throbbing, in some cases
swelling and throbbing pain. The increased temperature is due to
the increased oxidation.

Degrees of Hyperamia. It is to be borne in mind that the hyper-
@mia may be of several grades, varying from a very mild exaltation of
function and sensation to a distinetly pathological condition with
altered function. The effects may be constructive in character or
destructive, the former due to the increased nutrition, the latter to
interference with it. (See Constructive and Destructive Diseases of
the Pulp.)

Hyperemia as a Local Predisposition. It is generally acknowledged
that the presence of a local hyperemia lessens the resistance of a part
to the action of pathogenic bacteria—e. g., hyperemia of the lungs
to diplococcus pneumonize.

Treatment. The principle underlying the treatment is to remove
the cause and procure surgical rest. The symptoms, as a rule, then sub-
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In deep-seated hypersemia counterirritation is valuable alone or con-
joined with other forms of derivation.

Venous Hyperemia. Venous (mechanical or passive) hyperemia
is an excess of blood in a part beginning in the veins, which are
dilated.

Causes. 1. Any mechanical interference with the passage of the
blood through the veins on its way to the heart—e. g., the action of
bandages, tumors pressing on veins, thrombi in veins, ete.

2. Insufficiency of any of the mechanical forces aiding the propulsion
of the blood through the veins—e. g., diminished cardiac power or
valvular insufficiency, obstructions,
dilatations, or rigidity of arteries;
insufficient muscular contraction
upon or valvular incompetency in
veins, or lessened or excessive tho-
racic aspiration, ete. The second
class of causes produces a collection
of blood in the veins and a conse-
- quent reduction of volume in the
arterial system.

Pﬂthﬂlﬂg.?- The veins are dilat- Venous hypersemia of the liver. Two

Ed, f.]'_'lE current iS SlDWEd, ﬂfld ﬂle l_?.d'l-[?:!ll]uru‘.ﬂl nenr.nent-rnl hepatic vein.  Show-
ing the thickening of the walls and the nccu-

Intravenous pressure is increased, mulation of red blood corpuscles within
in consequence of which watery them. > 500. (Green.)

(serous) exudations oceur in the parts about them (cedema). For the
same reason in marked cases diapedesis of red corpuscles may occur,
and their heemoglobin may be dissolved out. The blood in the parts
not being sufﬁcienﬂ}' changed, and in some cases in a state of stasis,
there is a lessened food supply and waste removal, and cell nutrition
suffers accordingly. Vital processes are lessened, secretion is dimin-
ished, there is less oxidation, and hence less heat is produced and less
work is done. Degeneration, atrophy, and in markedly continued cases
necrosis may occur. Long-continued venous hypersemia with great
intravenous pressure may produce dropsies. The exudate of venous
hyperemia differs markedly from that of inflammation.!

Hyperemic Firwdale. Inflnmmatory Erudale.
Foor in albumin, Rich in albumin.
Rarely congulates in the tissue. Usunlly congulntes in the tissue,
Containg few cells, Containg numerons cells.
Low specific gravity. Fligh specific grovity.

Containg no peptone, Containg peptone (product of eell disintegration).

I Park's Surgery.
(4
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- tinuous, and destructive in their nature, and are termed wnfective inflam-
mations.

Pathology of Simple Inflammation. If to the web of a frog’s foot
tincture of capsicum be applied or if its mesentery be exposed to the
air and either be examined under the microscope while the animal is
living, 1t 1s noted that after a possible short period of contraction of the
arterioles dilatation of arteries at once begins and is gradually followed
by dilatation of the veins and capillaries. This continues to steadily
increase for about twelve hours. During the first hour of this period
the blood current is accelerated and arterial hyperemia may thus be

Small vein in mesentery of dog, after exposure for halfl an hour and irripation with salt
Bolution: a, red corpuscles; b, leukocytes adhering to wall of vein; &, red corpuscles; d
leukocytes which have escaped from vessel ; €, lenkoeyte in act of egcaping: f, fibrous tissue.
X 0. Modified from Thoma. (Green.) '

said to be the first stage of an inflammation. Following this accelera-
tion the blood flow is increasingly retarded. The retardation is due to
the action of the leukocytes, large numbers of the mononuclear and
polymorphonuclear forms of which fall out of the central blood stream
into the periaxial stream and collect along the walls of the small veins
(Fig. 52, b). Several layers of leukocytes may thus form. Probably
some peculiar attraction exists between the leukocytes and the wall of
the vessel.

"This massing of leukocytes compels the red corpuscles to the centre
of the stream (Fig. 52, a) and their passage is mechanically interfered
with, and the further dilatation of the vessel becomes a process of
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of amceboid movement and phagocytosis than the leukocytes. These
- become mingled with the leukocytes in the area of inflammation. They
are fibroblasts from which all the connective tissues develop, and to
the action of which regeneration is mainly due. Around and about the
focus of inflammation the bloodvessels are in a condition of arterial
hyperemia and about this is an area of normal tissue. These areas
shade off into each other. The phagocytes cause dissolution of coagula
‘and dead aseptic tissue, and remove them. If the irritant be thus
-removable, it is eaten away. If the dead tissue be superficial, the con-

Fia. od.

| I AR
i1 |I ‘nlll.f:: |II_||,_||”|”|" Illljl l'] ‘ .
5 .|':-|1' |m iFy : L1 1

Acute bronchial eatarrh : passage of leukocytes through the epithelium of the bronchus between
the cilinted cells, < 700, (Thoma.)

Tection with the living tissue beneath is eaten through and the latter
thrown off. If the superficial tissue have been previously removed, the
Wound is covered with the exudates and leukocytes, which dry into a
scab, beneath which regeneration occurs. If inflammation oceur in a
nucous surface, the exudate and corpuscles escape from the sub-
mucous tissue between the epithelial cells as a catarrhal discharge
(Fig. 54). If the inflammatory exudate be highly coagulable and coagu-
late, firm swelling is caused, apt to lead to organization of tissue,
hence called fibrinous inflammation. If it be productive of hypertrophy,
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new capil]af“y !m:-ps (granulation tissue). The whole constitutes, when
confined within tissue, an abscess. When upon a surface the granu-

Fra, 55,

Miliary nbscess in a case of septic embolism of the kidney: a, lenkoeytes advancing toward
and surrounding b, a mass of cocci, in whose neighborhood all trace of structure has disap-
peared; ¢ renal epithelium too damaged by bacterial products to take the stain; o, kidney
tissue staining normally; €, vein from which leukocytes are making their way to the com-
mencing abseess, ¥ 100, (Green.)

lation tissue is upon the under side only, and the whole constitutes a

suppurating ulcer.
While the leukocytes may overcome the bacteria, the reverse is often
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that if administered in the early stages of inflammation they may
modify its severity. If, on the contrary, they are administered after
stasis occurs, they increase the stasis—ergot actively and aconite pass-
ively. If the flow of blood through the inflamed area be re-established
by local blood-letting, then the arterial sedatives are distinetly useful
in lessening the flow of blood to the part.

When, owing to vascular engorgement, throbbing pain is a promi-
nent symptom, applications of cold are useful in lessening the calibre
of vessels and in relieving pain. But if there be firm exudation and
marked stasis, cold is a detriment. Heat then gives relief through
inducing a more free flow of blood in the collateral circulation. Very
hot applications act as do cold applications, by causing contraction of
vessels, and may be used to abort an inflammation.

In certain situations, as in case of an inflamed tooth pulp, sedative
applications, antiphlogistics, are required. Conjoined with loecal
measures of reducing vascular engorgement, the use of counterirritants
and general derivatives are indicated. (See Treatment of Hypersemia.)

General sedatives are at times demanded for the relief of pain.
Morphine used in small and continued doses not only relieves pain,
but causes a contraction of small vessels. Other anodynes are also
used in this connection,

REGENERATION OF TISSUES.

Connective tissues that have been lost by inflammatory process or
operation are replaced by granulation tissue arising by mitotic division
of cells of the connective-tissue group. The forms of healing are by
first intention, second intention or granulation, healing under a scab,
and healing under a clot. Epithelial tissues are replaced only by
mulfiplication of epithelial cells. The forms of healing are practically
alike by formation of granulation tissue, the form being simply a modi-
fication (of extent) of healing by second intention.

Healing by Second Intention. Shortly after evacuation of pus from
an abscess the process of repair is instituted. The leukocytes come to
the surface of the wound in great numbers; some of these may degen-
erate into pus cells. Immediately beneath the uninjured connective-
tissue cells multiply, forming embryonie cells (fibroblasts); at the same
time the endothelial cells of the capillaries multiply at points, throwing
out solid-pointed projections or buds from the sides of the capillaries
(Fig. 58, b). These lengthen and join buds from other capillaries






REGENERATION OF TISSUES. 05

In this manner loops are formed, about which the fibroblasts are
arranged (Figs. 59 and 60).

Together these form minute red elevations upon the surface of the
abscess cavity or wound, called granulations. Repeated, the process
gradually fills the abscess cavity.

Naturally, collapse of the walls or apposition of cut edges of a wound
lessens the amount of granulation tissue necessary; hence, in the latter

FrG. 60,
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Transverse section of granulation tissue from an open wound with fibropurulent deposit:
a, granulation tissue:; b, fibropurulent deposit; ¢, bloodvessels, 3 150, (Ziegler.)

case, healing by first intention (with a minimum amount of granulation
or scar tissue).

The wound having been filled up, epithelium grows from the sides
and covers the granulations (Fig. 61, ¢). The granulation tissue, at
first highly vascular, later contracts, and many vessels are obliterated
so that it becomes whiter than normal tissue.
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The indifferent embryonic cells may have the funection of forming
any of the connective tissues. If cartilage is to be formed, chondrifi-
cation takes place about the specialized cells. If bone is to be formed,
certain cells form islets, about which calcification proceeds. Nerves
require a month or more to pierce the cicatricial tissue (Eichhorst).!

In healing beneath a scab the exudation and leukocytes upon the
surface of the wound dry into a scab beneath in which granulations

Fig. 6l.

Laparotomy wound—sixteenth day: a, epithelium; &, corium; ¢, subeutaneous fat; d, vessels
in scar tissue of corium; ¢ newly formed epithelial layer; f, vessels in subcutanecus sear
tissue. ¢ 40, AModified from Ziegler. (Green.)

and an epithelial covering are formed. Later the scab falls off. If
prematurely lost the granulations are exposed.

In healing under a clot the clot is invaded by leukocytes, which have
a solvent action upon it. Granulation tissue forms upon all sides of it,
grows into it, and, at the same time, removes it by resorption (Fig. 62).
If the clot become septic, the granulations may become infected and
break down.

Healing under a clot is the form commonly seen after tooth extraction.

In certain cases of abscess with contracted fistule or openings of

1 Ziegler, General Pathology.
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substance is a poison generated in the body through the action of micro-
organisms. The character and type of the fever are determined by the
nature of the offending substances—i. e., the variety of infection.

Classes. Fevers are divided into periodical or continued, according
as to whether there is a periodical fall of temperature and a subsequent
rise, or whether the fever continues practically unabated from the begin-
ning to the termination of a disease. Fevers are classed in severity
according to the maximum temperature and again according to their
duration. A temperature of 100.5° to 101.3° F. is called slightly febrile;
101.3° to 103° F. moderate fever; 103° to 105° F. marked fever. A
temperature above 106° F. is termed hyperpyrexia.

Symptoms. The most characteristic symptom of fever is the eleva-
tion of temperature; accompanying this there is an increased frequency
of the pulse. In acute inflammatory diseases the pulse is full and
bounding, the eyes injected, the bowels constipated, and the urine
scanty, containing an excess of urea. On standing, the urine throws
down a brick-dust deposit (urates). In fevers of a lower type, or in
many fevers which begin as described, the high, bounding pulse is
succeeded by a soft, quick pulse, and evidences of great debility. In
fevers in which the temperature runs high there is commonly evidence
- of intoxication, more or less delirium, and reflex muscular action. With
a persistent temperature and a pulse becoming softer and more fre-
quent, there is increasing debility.

Pathology and Morbid Anatomy. In all cases of continued high
temperature the fat of the body rapidly disappears and granular degen-
eration occurs in the muscles and viscera of the body. If the fever be
long continued and of an adynamic type, this degeneration may become
marked. Its occurrence in the muscles of the heart is common and is
an element of danger. There are an increase in the amount of carbon
dioxide formed and exhaled from the body, and an increased amount of
oxygen inhaled. This, with the increase of urea, the product of the
oxidation of nitrogenous tissues (muscles, glands, ete.), indicates that
the oxidation of the tissues is largely increased; hence the elevation
of temperature. As repair does not equal waste in fevers, the nutri-
tive processes being profoundly disturbed, the essential elements of the
tissues suffer from the increased oxidation and undergo degenerative
changes.

Prognosis. T'he higher the temperature and the longer it continues,
the greater drain there is upon the vital forces. As a rule, a temperature
of 106° F. persisting more than twenty-four hours presages death. ' If
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2. Non-union of lip and intermaxillary bone on both sides (double
harelip, Fig. 73).

3. Non-union of all horizontal processes in the median line (cleft
palate, Figs. 76 and 77).

Fia. 76

Cleft of hard and soft palate: radimentary Cleft of hard and soft palate. (Mason.)
intermaxillary bone placed in advance of
lips. {(Mason.)

Median fissura of the lower ip and ehin, (Marshall, after Wiifler.)

4. Non-union of halves of soft palate (cleft velum).

5. Non-union of halves of the uvula (bifid or cleft uvula).
Combinations of cleft velum and cleft palate or of cleft palate and
single or double harelip may exist.
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The failure of the inferior maxillary tuberecles to unite is rare, but is
occasionally seen (Fig. 78). The inferior maxillary tubercles develop
a transitory support to the lower jaw known as Meckel’s cartilage. The
artilages of the right and left side do not fuse together at the future
symphysis (Hertwig). (Fig. 79.)

It acts as a support to the fetal jaw, undergoes atrophy at about the
sixth month of gestation, and at birth but few fragments are found
near the symphysis.

The end of the cartilage in the base of the inferior maxillary process
becomes the future malleus (one of the bones of the middle ear). The
portion of the cartilage running from the malleus to the formed bony
lower jaw becomes fransformed into the internal lateral ligament of
the inferior maxilla (Hertwig).

Fia, 79. Frc. 80.

B
(e
M. G
SBhowing Meckel’s cartilage (M.C.) In Osteology of harelip. (Museum of the
longitudinal and transveras seetion. Philadelphia Dental College, )

It is to be remembered that these processes are formed by the meso-
blastic layer of the blastoderm and are covered by epithelial tissue
springing from the epiblast. Both are concerned in the formation of
the teeth. Epithelium is reflected over the face and oral cavity.

DEVELOPMENT OF THE TEETH.

The first evidences of tooth formation are seen at about the sixth
week of gestation, at a period when the superior and inferior maxillary
processes are but ll-defined masses of mesoblastic tissue surrounded
on all sides by epiblastic tissue. Before the union of the processes
which are to separate the nasal from the oral cavity and which form
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by multiplication from the inner sides of its walls, which are composed
of the rete Malpighii. An interiorward growth of cells corresponds
with an upward growth upon the mucous membrane.

b1G. 85.

e,

Vertical section through band from jaw of porcine embryo: ep, epithelium ; &, band; e, cord;
of, connective tissue. 3 om. X 60, (Sudduth.)

Fia. 86.
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r‘f L] - " &
Williams has+shown. Fo have later in the rat a papilla-like structure
and to stand in nutritive relation to the ameloblasts (Iig. 92). In the
centre of the enamel organ lie nucleated cells made polygonal by mutual
pressure. These cells constitute what is known as the stellate retic-

Fric. 940.

Seetion of developing tooth of an embryo ealf: a, b, nuelei of ref iculum of enamel organ,
showing spongiose character; ¢, outer ameloblastic membrane: d, inner ameloblastic mem-
brane; ¢, f, enamel globules faintly showing nuclear network, > 1000, {(Williams. )

ulum (Fig. 89, sr; Fig. 90, b), and have been shown by Sudduth to
disengage carbon dioxide when a weak hydrochloric acid is allowed
to infiltrate beneath the cover-glass, thus showing the presence of
caleium salts. Their function is supposed to be the fabrication of the
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pabulum for the first deposition of enamel. They disappear before
the entire thickness of the enamel is deposited.

Within the papilla changes also occur. Upon the surface next the
enamel organ appear nucleated elongated cells called odontoblasts,
the function of which is to deposit dentine (Fig. 89, d; Fig. 91, ).
Connective-tissue cells, nerves, and bloodvessels also develop (Fig.
89, v; Fig. 91, 7).

Fia. 81.

. ﬂetlimf of developing tooth of anembryo calf: @, stellate ratieulum of enamel organ; b, stratum
intermedium: 8 ameloblasts; d, dentine; &, odontoblasts ; f, bloodvessel—eorpuscles in s,
#2756, (Williams.)

The follicular wall also develops and contains osteoblasts and other
structures peculiar to itself, to be described when treating of the peri-
cementum, which the follicular wall later practically becomes. Its
funetion in tooth development is to deposit cementum, which, however,
does not oceur until the erown of the tooth is formed. While the
structures which are to form the hard tissues of the teeth are in process
of development there appear at different points in the mesoblastic
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tissue, situated between the follicular wall and the periosteal fibres,
certain cells about which calcification oecurs. Tt is probable that these
cells deposit the bone about pre-existing fibres. The calcification begins
at what are termed islets which later coalesce.

With an understanding of the development of these three structures
and of the formation of bone in islets, the student is prepared to grasp
the facts connected with the development of the hard and soft tissues
of the teeth.

Calcification. Analyses of the enamel, dentine, and cementum show
them to be composed of a combination of inorganic salts, chiefly
caleium phosphate and carbonate and magnesium phosphate, and
carbonate with an organic basis.

Fic, 92,

Bection of incisor of rat: @, eapillary loops torn out of seecreting papille; b, secreting papille after
removal of eapillary loops; ¢, ameloblasts; o, enamel; €, dentine. > 80. (Williams.)

The experiments of Harting, Rainey, and Ord have shown a
reaction which no doubt has a direct bearing upon the formation of all
calcified tissues. If to an albuminous solution a solution of a calcium
salt be added, the calcium enters into chemical combination with the
albumin, forming a substance indefinitely known as albuminate of
calcium, and called by its discoverer calcoglobulin. If calcium
carbonate be formed in a solution of albumin, the above combination
occurs, making definite structural forms, minute laminated spheres,
which are called calcospherites; these spheres coalesce and form
laminated masses—i. e., form in layers. When exposed to the action
of dilute acids these spherites are more resistant than the crystallized
salts; moreover, after the action of the acid the form of the spherite
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the gum, and root formation begins after practical completion of the
enamel. Mg, 98 shows that at six months after birth a portion of the
roots of the anterior teeth is formed: at birth the erown was not com-

1']“““]- I’his much of root formation has, therefore, been rnlll}=|v1q-|l

A, developing bone: B, tissue reflected from follicular wall and forming alveolar periosteum;
. follicular wall: I, veszels and nerves; E, epithelium of gum.

during the six months. After birth the state of the root end at eruption

demonstrates a very large apical foramen occupied by a soft

pulp filled with bloodvessels (Figs. 97, 100, and 101). At the exit

Pulp cavities of the superior first bicuspid, from the seventh to the twelfth vear. (Bromell.)

from the root the pulp is attached to the follicular wall, which is
reflected up the sides of the root (Figs. 96 and 100). DBetween these
two cementification and dentimification are accomplished h:-.' a process

analozous to enamel and dentine formation 1n the crown.
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off from the epithelium of the mouth. Their development proceeds
exactly as with the temporary teeth, and at the twenty-fifth week the
cap of dentine appears (Magitot).

Fra. 102,

1
T
4
5
i
&

Development of deciducus incisor, from human fastus: 1, epithelium of jaw: 2, dental ridge:

3, dentine papilla; 4, caleified dentine; 5, enamel; 6, outer enamel epithelium; 7, germ for
permanent incisor. (Geise.)

Fra. 103.

.

Transverse section through fused roots of molar tooth, showing interdeniinal cementum:
L, interdentinal cementum. % 30, {(Bromell.)
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Histology of the Mature Teeth.

For purposes of description, human teeth may be defined as hard
bodies of definite form implanted in the maxillary bones and gums,
attached thereto by membranes and subservient to the purposes of
mastication, facial contour, and assistance in speech.

That portion of a mature tooth in position and not implanted 1s
known as the erown, that implanted is the root; the point at which
these join is the neck or cervix. The loosely constructed bone by
which the roots are supported is the alveolar process, and the socket
is known as the alveolus. ."The tooth is attached to the alveolar process
by a tough, fibrous membrane, the pericementum (Fig. 111). The

Fia. 110.

>

View of the upper ju_“,' of o 3'1“{!1 “ch about gix and one-half VeArs, The anterior teeth are
slightly separated by the partially developed permanent teeth, lying behind or posterior to
them, pushing forward to occupy a more anterior pozsition. The equal height which the crowns
of the deciduous originally oecupied is also being disturbed by the advancing permanent teeth.

tooth may be said to be composed of three hard and three soft structures.
These are: (1) the dentine, forming the bulk of the tooth; (2) the
enamel, covering the dentine of the crown; (3) the cementum, covering
the dentine of the root; (4) the pulp, occupying a central cavity in the
crown and root dentine, known respectively as the pulp chamber and
root canal; (5) the pericementum, covering the cementum and attaching
it to the alveolar process; (6) Nasmyth’s membrane, found on the
enamel of newly erupted teeth and later mostly worn off.

For further description it may be stated that a periosteum covers the
outside of the alveolar bone and body of the maxilla. Over this upon
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to mutual lateral pressure of their globules during development,
Between the rods is seen interprismatic cement substance.

Recalling the embryology of enamel, this arrangement of enamel
elobules and interprismatic cement substance 1s seen to be the rational
outcome of such a mode of deposition.

Section of an individual globule has been made by Mummery and
shows a centrosome-like, crystalline arrangement of its molecules.!

Incisor tip, showing stratifieation or incremental lines, Rods at 4 were fully formed at the
time the rods at B were beginning to form. < 80 (about). (Noyes.)

The interprismatic cement substance so far as known is amorphous.
Both are originally calcoglobulin, but the cement substance is more
soluble in dilute acids. These penetrate between the rods, assisting
their cleavage and strongly marking the transverse interprismatic
cement substance.

1 Kirk, lecture before the Philadelphia Academy of Stomatology.
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E'K[:rhlitwd by Caush' as due to the presence of tubes between the
enamel rods, as will be shortly described. They are the stripes or
lines of Schreger in enamel (Fig. 117.) The enamel globules in the
area are normal.

Williams was unable to make enamel take up staining reagents
except at isolated spots, which he regarded as accidental. He occa-
sionally found dentinal fibrillie extending into the enamel (Fig. 185),
but regarded the arrangement as a malformation. He concluded
that enamel was without nutrient spaces. More recently Caush,
by means of special technique, staining both by external application

Fig, 117.

| )

Fnamel and dentine, human tooth: 1, enamel; 2, dentine; 3, iines of Schreger in enamel;
4. brown strie of Retzius. (Bromell, after Geise.)

and from the pulp chamber, has succeeded in showing the existence
of tubular structures in the enamel (“ enamel tube’’), and which run
from the dentine out and from the surface in. He found them also
in the teeth of animals. Fibrillar connections were seen to enter the
tubes next the dentine, which contained a material taking up stain,
and, therefore, considered uncalcified. Caush, therefore, regards the
enamel as endowed with nutrient spaces, by which he aceounts for
the staining of enamel by copper and other amalgams placed in
avities of decay. If his contention be true, it may explain several
of the phenomena connected with the enamel.

1 International Dental Journal, June, 1804,
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building at the particular period. Salter has termed them “incremental
Iines.” They are known as the lines of Schreger in dentine.

It has been shown by Hart' that the basis substance of dentine is
traversed by a fine network of fibres, a connective-tissue stroma in
which the caleific process oceurs (Fig. 121). Rose®* regards these
as the gelatin-yielding fibres of the dentine. T'he demonstration of

Fig. 120.

C.D. } &1

Section of pulp, showing the relations of the odontoblasts to the dentine; Od., odontoblasts;
T.F.. Tomes' fibres—odontoblastic processes; U.D., uncaleified dentine; C.IV, calcified dentine;
P.C., pulp cells. < 800. (Rise and Gysi.)

Mummery that a connective-tissue stroma is seen forming in advance
of calcospherite deposition in dentine formation is worthy of atten-
tion as corroborative evidence. (See Dentinification. )

In the border-ground between dentine and enamel and dentine and
cementum the dentine may present a different histological appear-
ance from the general mass of the dentine. Instead of the orderly sub-
division of the dentinal tubules, this portion of the dentine may be

I Dental Cosmos, 1891. 2 Ibid., 1902,
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occupied by irregular spaces—interglobular spaces in which the
fibrille may expand. This particular layer of tissue was named by
its discoverer, Sir John Tomes, the granular layer (Fig. 122, J). As
he pointed out, the layer is much more marked beneath the cementum
than beneath the enamel.

Interglobular spaces are also found in the body of the dentine. (See
Fig. 118 and Malformations of the Teeth.)

Anatomically the dentine is the tissue composing the bulk of the
tooth. It is a tissue receiving nourishment from the pulp wvie the

Fre. 121.
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Main mass of dentine of a temporary tooth, stained with chloride of gold, decalcified with
acetic acid: F, F, dentinal fibres, partly vacuoled; B, H, basis substance, traversed by a
reticulum. 3 1200. (Hart.)

fibrille and through the same is capable of warning sensations and of
some vital reaction to causes threatening its disintegration. Under
stimulus the fibrille may produce sclerotic changes in the dentine
(tubular calcification.)

In a vital condition the fibrille and pulp preserve the translucency
of the tooth.

The Pulp. The pulp is the highly developed remainder of the
dentinal papilla.

It consists of a gelatinous matrix containing branched connective-

10
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sensitive dentine shows an evident physiological connection. The
nerves of the pulp do not possess tactile sense. The pulp contains
no demonstrable lymphatics, and if absent their office is probably
performed by the veins, which in other parts may take up this function.*
The pulp becomes more fibrous and less vascular with age.

During its health it preserves the translucency of the tooth through
its relations with the fibrille, and under certain circumstances renews
its formative activity and produces secondary dentine.

Fic. 124.

8.1,

N. T4

EB.V.
Section of a tooth-pulp: K. V., main bloodvessels of pulp; €, origin of capillaries; N. T', main

nerve trunk; N. F., subdivisions of nerve into fibrille: Od., odontoblastic laver; 5. ., secondary
dentine: C. G., masses of caleoglobulin. X 30. (Rise and Gysi.)

The forms of the pulp and the pulp cavities are shown in Chapter

VII.
The Cementum. The cementum is a modified bone distributed

over the root of the tooth. It meets the enamel edge to edge. In some
cases it overlaps the enamel and in others is overlapped by it.

(Choquet.)

1 Green, Pathology and Morbid Anatomy.
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It is thinnest at the cervix of the tooth, at which point the first
layers are formed, and thickest at the apex and in the bifurcation of
the roots. It is thicker in the aged. During development some of
its formative cells, the osteoblasts, are caught in its substance, persist-
ing in lacun® with their canaliculi. This is true of thick lamella, not
of thin ones, as of the cervix.

Fia. 125.

Two fields of cementum, showing penet rating fibres: @, granular layer of Tomes; € cementum
not showing fibres; F, penetrating fibres. » 54 (about). (Kirk.)

There is evidence of stratification, evidencing periods of increment
(Figs. 122 and 125), and the remains of pericemental fibres which
have undergone calcification are seen as numerous fine lines running
at right angles to the axes of the strata. These lines represent old
points of attachment of the pericemental fibres (Sharpey’s fibres). In
some cases the dentinal tubules of the root terminate in the cementum,
but, as a rule, terminate in the granular layer of Tomes.
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The physiological function of the cementum is to afford a means
of attachment of the teeth to the maxillary bones through the medium
of the pericemental fibres. In case of death of the pulp, and, there-
fore, of cessation of nutrition of the dentine, the vital relations of the
cementum and alveolar process are thus maintained and the useful-
ness of the tooth assured. Whether the dentine can ever receive
nourishment from the cementum after pulp death has never been
scientifically shown.

Fra. 126,

."

Portion of the ‘side of a root of a tooth, the gum and alveclodental membrane, and the edge
of the bone of the alveclus. A band of fibres is seen passing over the surface of the alveolus
and dividing, some passing upward into the gum, others passing more directly across to tha
cementum. MNumerous orifices of vessels cut across transversely are seen between the tooth
and the bone. (Black.)

The Pericementum. (Syn. Peridental Membrane.) The peri-
cementum is the highly organized remains of the follicular wall. As
the alveolar bone and cementum develop on either side of it, it forms
also the periosteum lining the alveolus. Itis, therefore, the means by
which the teeth are retained in their sockets and a certain degree of
motion permitted. If articulation by gomphosis be an admissible
term, and it is adopted by anatomists, the pericementum subserves
the office of a ligament not altogether unlike that found in the sutures
of the cranial bones.
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It is continuous with the periosteum on the outside of the alveolar
process, as the sutural membrane is with the pericranial membrane.

Its outline study divides the pericementum into three portions—
a gingival, an alveolar, and an apical portion.'

It is composed largely of white fibrous tissue with interlaced blood-
vessels, nerves, and glands. It also contains functional cells, fibro-
blasts, cementoblasts, osteoblasts, and osteoclasts.

The fibrous tissue is made up of principal fibres and indifferent
fibres.?

Fra. 127.

Longitudinal section of the peridental membrane in the gingival portion: D, dentine; [N,
Nasmyth’s membrane; €, Cementum; F, fibres supporting the gingivus: F1, fibres attached to
the outer layer of the periosteum over the alveolar process; F2, fibres attached to the boneTat
the rim of the alveolus; B, bone. < 30 (about). (Noyes.)

The principal fibres are grouped for the most part in bands or
bundles (Fig. 111).

In the alveolar portion these bundles run for the most part from
the cementum to a higher point on the alveolar process. The attach-
ment is secured by the penetration of the fibres into either structure.
This secures to the tooth support against direct pressure into the
socket and against rotary motion.

I Noyea, American Text-book of Operative Dentistry, 2 Thid.
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with the mental anteriorly, and the facial sends branches to the cover-
ings of the buccal aspect of the lower jaw posteriorly.

The veins return the blood by similar channels.

The nerves of the pericementum enter by several trunks in the
apical tissue and also enter from the alveolar wall and over the alveolar
edge. While their distribution is not yet fully described, some of
them possess the tactile sense, as touch upon the teeth is fully localized.
They are derived from the fifth nerve and the sympathetic.

Fia, 1249.

Epithelial structures: FEe, epithelial cord, apparently showing a lumen; Cb, cementoblasts;
Cim, cementum; D, dentine. 3¢ 500 (about). (Noyes.)

The Pericemental Glands. Black has described gland-like structures
lying in the pericementum nearer the cementum than the alveolar wall.
These are distributed over the root in a network, as shown in Fig. 128.

They are convoluted cords of epithelial cells invested with a delicate
basement membrane and can be traced to the epithelinm of the gingival
space, but not to the surface.

Traces of a lumen have been seen, which if established as common



Fra. 130,

Longitudinal section: Ep, epithelium lining the gingival space: @g, gingival gland, so-ealled;
D dentine: N, Nasmyth's membrane; Du, duct-like structure stretching away toward the gin-
givus from the epithelial cord, geen at Ec; Om, cementum, separated from the dentine by decal-

cification. = 50 (about). (Noyves.)
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Saction showing carious cavity, secondary dentine, and pulp nodules by ordinary transmitted
illumination., (Kirk.)

Irg, 132,

S

Hame ns Tig. 181, showing greater transparency of highly eoleified structures by polarized
light. (IKirk.)
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of organic matter, as pointed cut by Miller, is not an exact measure of

the hardness of the dentine, for many interglobular spaces and wide

Fia. 134,
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Enamel and dentine of deciduous molar. (Kirk.)

Fia. 134.

sSame as Fig, 133, photographed by polarized light.

(Kirk.)
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Formalin-gelatin casts of pulp cavities, showing pulp irregularities Richards, »

with the teeth themselves. { Richards. )

Formalin-gelatin casts of pulp cavitics
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The enamel dentine and cementum, if exposed, are subject to the
action of abrasion, erosion, and caries (which see).

The Alveolar Process. The alveolar process is that portion of bone
which is continuous with the body of the maxilla, and is built up as
a support to the teeth. In general it differs but little from the bone
of the jaw, consisting internally of cancellated bone bounded by more
dense bone externally. The surface of bone lining the alveoli is also

Fi. 161,

Showing the buceal suriaces of the crowns and roots in position, (Cryer.)

fairly dense, being, however, pierced by many spaces affording passage
of vessels to the pericementum. The openings in the cancellated bone
contain red bone-marrow. The walls of the alveoli afford attachment
to the pericementum, which thus becomes its periosteum. The division
of the pericementum into an alveolar and cemental membrane having
different functions is not regarded favorably by Tomes, though claimed

by some histologists.



‘ THE TISSUES OF THE TEETH VIEWED SURGICALLY. 169

The relations of the teeth and alveolar process are further shown
by Figs. 162 and 168.
Under the action of chronic inflammation the cancellated bone

Fra. 162,

Vertioal section of o frozen hewd, rear view. Shows relations of roots of molars and the
maxillary sinus, and of the maxillary sinus with the frontal sinus, Wire passes from the latter
t.hl.r”mh the infundibulum, the hintus semilunaris, and the ostium maxillare, into the maxillary
finug, establishing a connection.  {(Cryer.)
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may undergo a constructive change (condensing osteitis), and is more
firmly bound to the cortical bone. Cryer has shown that this may
prevent the forward movement of the cancellated bone and thus prevent
the proper placement of teeth in the jaw. He regards this as a cause
of impaction. ;

The anatomy and histology of the teeth and immediate surroundings
have a direct relation to the consideration of the pathology and surgical
treatment of diseases of the parts.

The length, size, number, and form of roots bear a direct relation
to the security of implantation, a consideration of importance in view

Fra, 163,

1st M st M
Section of somewhat dried specimen: Oms, opening maxillary sinus; 1at M, first molar.
(Cryer.)
of the strains to be brought to bear upon prosthetic appliances, such
as crowns, bridges or plates, or upon remaining natural teeth. In the
determination of such conditions a-ray skiagraphs are valuable.
The Lower Denture. Reference to Fig. 164 will show the relation
of the roots of the lower incisors and cuspids to the alveolar process
and jaw. The apices of the roots lie at a point below the reflection
of the mucous membrane. Labially the bone is thick over their apices
and at their necks, and sometimes thin at the middle portion; lingually
the bone is thickest over the apices. Apical abscesses tend to discharge
labially, following a course from the apex to a point above the mucous
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reflection. They sometimes discharge lingually. They may follow
the cancellated bone and penetrate the cortical layer at the rim of
the jaw and discharge through the Fia. 164

soft tissues upon the chin. Again,
penetrating the cortical bone labi-
ally, they may dissect away the peri-
osteum of the bone and, reaching
the rim of the jaw, discharge through
the soft tissue upon the chin. (See
Chronic Apical Abscess.)

The bone overlying the roots of the
lower bicuspids at their lingual as-
pects is sometimes relatively thin, as
it forms the wall of the sublingual
fossa. Upon the buccal face the
cortical bone is in greater amount,
although thin. The spaces between
the first and second bicuspids usu-
ally mark a site immediately above
the mental foramen, although the o o o e oring e

Fig. 165.

From the same jaw as Fig. 161, showing outline of inferior dental canal and the surrounding
eancellated bone. (Cryer.)

opening may be posterior, or in some cases anterior, to the position
named (Fig. 165). If the roots of the bicuspids are abnormally
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It is clear that alveolodental abscess may readily discharge in this
situation into the sinus, or that fractures of the floor of the antrum
may occur in extractions, either by erushing in or tearing out portions
interlocked with roots. The elevation produced by the malar process

Outline of antrum. (Skiagraph by
Custer.)

overlies the roots of the first molar,
The roots of the upper third molar lie
in the tuberosity of the upper maxilla
and in close relation to the descending
palatine artery. It has been pushed into
the antrum in attempt at extraction, and
its extraction has also resulted in frac-
ture of this tuberosity, exposing the
antrum.

It is pointed out by Cryer that the
frontal sinuses may communicate with

the maxillary sinus. Fig. 162 shows a wire passing from the left
frontal sinus to the antrum vie the infundibulum, hiatus semilunaris,
and ostium maxillare. The possibility of relation of these sinuses

in disease is plainly shown.

Fig. 168,

Front and side views of the teeth and jaws.

The Occlusion of the Teeth. Viewed in occlusion—that is, with
all the teeth together and at rest—the teeth present the relation shown
in Fig. 168, in which it may be seen that the ocnh}ded surfaces of the
upper teeth describe a curve with the convexity slightly downward.

The lower teeth have the reverse curve.
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the soft and hard tissues—e. g., the invagination of the enamel organ
by the papilla.

3. Peirce' holds that the impact of blows upon the jaws causes the
tooth to rise toward the gum. He explains the eruption of crowns
without roots upon this theory.

4. Tomes explains the eruption of teeth, after development of the
root, upon the theory that the closing in of the alveolar process or
contraction of the alveolus upon the pericementum (follicular wall)
causes the lifting up of the tooth. That such a closure occurs about
the extruding roots of teeth left after the breaking away of the crowns
is shown by examination of the sockets of such roots. An abnormally
shallow alveolus closed by deposition of bone at its apex will be found

Fiz. 171.

Disgram showing the upward movement of the crown during eruption and root development,
; (Constant.)

in cases of small apical portions of roots so extruded. Upon the whole
Constant’s theory of blood pressure seems the most satisfactory
explanation of tooth elevation under any circumstances.

The Process of Dentition. At varying ages, according to the
state of tooth development, the formed crown of the tooth advances
and presses upon the follicular wall overlying it; this is resorbed,
the overlying tissue is reached, and osteoclasts remove this as well
as the upper edge of the wall of the erypt; the mucous membrane
is pushed up and moulded over the crown, thereby causing a tume-
faction.

The mucous membrane, at first normal in color, becomes slightly
hyperemic and then changes to an ischeemic condition and whitens

I American System of Dentistry.,
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anywhere in the body. (See Resorption.) In the particular situation
under consideration they are called odontoclasts. The tissue between
the root and crown has by Tomes been
given the name of the * resorbent organ™
(Figs. 173, 4, and 174). These giant cells
have a solvent or digestive function not
understood, but which is competent to

Fia. 173.

remove both the organic and inorganic
matter of cementum and dentine, and evi-
dences of action upon enamel in other
situations are not wanting. (See Resorp-
tion of Enamel.) That the solvent is acid
is shown by the evidence of decalcification
about the area of resorbed enamel of un-
erupted crowns of some permanent teeth.

It 13 a curtous fact that no evidence
of decalcification of the permanent
crown has been demonstrated to result
from the proximity of the multinucleated
cells in cases of physiological resorption

i Ehowing the relationz of an erupt
of temporary roots. In all probability ing permanent tooth to its deciduous

. redecessor: A, 4, 4, odontoclasts.
the enamel is protected by the presence °

of Nasmyth’s membrane, which' is resistant to acids. These cells are
probably invited by irritation due to pressure of the advancing per-

Fic. 175. s

P P _,'e'-"-:ft—":‘ .
...'\_; .-IEJEI‘-\, T Ii‘! -

Imprisonment of second temporary

. The structure of the resorbent organ, show- molar; resorption of its roots, with ab-
ing multinueleated or giant eells (odontoclasts), sence of second hicuspid. (Skiagraph
[Tomes, ) by Custer.)

manent tooth crown, as the resorption is almost always found at
the point of approximation of the crown with the root, or, in other
words, at the pressure point (Fig. 176).

Cases of resorption of temporary roots without the presence of a
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permanent crown are, however, noted and explained by Tomes
upon the ground that resorption is a vital act independent of the press-

Fic. 176.

Phases of resorpiion of temporacy roots,

ure exerted (Fig. 175).

{Skiagraphs by Price.l)

As resorption of permanent roots, however, has

often occurred from pressure of the crown of another tooth and ocecurs

Fia. 177.

Diagram illus-
trating the rela-
tion of a resorbed
temporary root
and the perma-
nent tooth, also
the involvement
of the pulp as a
part of the re-
sorbent organ.
Resorption of the
interior of crown
of a temporary
tooth.

at the pressure point in physiological resorption, local-
ized irritation, even in the absence of a permanent
crown, must be credited with a large influence in the
process. It is to be remembered also that in the ab-
sence of the pressure resorption often does not occur
—e. ., when laterals are absent and the permanent
cuspids erupt to the side of the deciduous cuspids
(Fig. 179).

According to Tomes redeposition of cementum oc-
curs in previously resorbed areas upon temporary roots,
a fact corresponding with effects noted in permanent
roots. (See resorption of.)

As the root of the temporary tooth disappears the
pulp continuously fuses with the resorbent organ, so
that when the crown alone remains the pulp is still
vital (Fig. 173). At times it seems to take up the
resorbent function and resorbs the crown dentine in
some cases almost entirely. In one specimen a circum-
scribed portion of the cementum and of enamel were

I Ttems of Interest, 1901,
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removed by it at the point of junction. This constituted practically a
case of perforation by resorption (Fig. 177). At times bay-like exca-
vations in the crown dentine occur. When the root resorption reaches
the point shown in the central incisor in Fig. 110 the temporary tooth is
loosened, moves about, and annoys the child, who may pick it out, or
it is removed by extraction.

Formation of the Roots of Permanent Teeth. The extent of root
development at any age is of great importance in view of canal thera-
peutics. Unformed roots present a mechanical difficulty of sealing
the apex of the canal. The size of the pulp at the apical foramen
of such teeth contraindicates the use of arsenic and even pressure
aneesthesia is often unsuccessfully applied.

Fric. 178,

Absence of upper left lateral incisor, with permanent cuspid in its place: two temporary

cuspids retained. Man, aged twenty-five years.

The roots are developed in precisely the same manner as in the
case of the temporary teeth, by the combined deposition from the
follicle wall, which is drawn up on the root as a pericementum and
from the papilla, which is drawn up as a pulp (Fig. 100).

The extent of development of any of the permanent teeth may be
seen at a glance by reference to the valuable table of Peirce (Fig. 107).
So graphically does this table give the desired information that expla-
nation becomes unnecessary.

Irregularities of Second Dentition. Some temporary teeth may
be retained long after adult age is reached. The teeth most subject
to this are the cuspids and second temporary molars.
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In the case of the cuspids, the permanent cuspid is delayed or
takes an unusual direction, erupting lingually or labially, or at times
being directed into the place normally occupied by the lateral incisors,
which are wanting, or very rarely the cuspid erupts posteriorly to the
first bicuspid. At about forty years of age the temporary cuspids may
be lost by resorption of their roots, but until such time should be
retained if usefully filling a space. If in interference with proper
alignment or eruption of the permanent cuspid they should be ex-
tracted. Their late resorption is somewhat pathological in character
and probably due to or incited by a partial resorption of the root end
during the descent of the permanent cuspid.

Absence of upper lateral incisors and right bicuspid. Retention of temporary cuspids.
From an adult.

The late enforced loss of the temporary cuspid indicates the advis-
ability of an implantation operation (Fig. 179).

The molars are retained as a rule because of an absence of perma-
nent crowns to cause resorption, although this may occur without
such pressure (Fig. 175). I have seen a case of an adult lady with
eight deciduous molars in place. The question of the abnormal
development or absence of permanent germs, or of the state of
the roots of the temporary tooth may be settled by the a-rays (Figs.
175 and 176).

The question of extraction or retention depends upon the diagnosis.
When retention of temporary molars and cuspids occurs, they are
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a refractive index 5|i;_f|ll|:.' different from that of the squares. While
such a structure is perhaps never found, it is difficult to draw a line
where aberrations from such a standard become pathological. An
arbitrary standard might be assumed as follows: regard any enamel
as pathological where areas of it differ from its general substance to
such an extent as to have a decidedly different refractive index. A
typical form of abnormality is noted in what are known as white spots

Fia. 183.

Portion of a white spot in enamel, showing lnck of interprismatic cement substance. > 2000.
(Willinms.)

of the enamel, areas in which an opaque surface exists instead of the
normally translucent enamel.

Opaque Spots in Enamel. White, brown, and corn-colored opaque
areas of enamel are frequently seen surrounded by apparently normal
enamel.

Examined without the aid of the microscope they are seen to present
a surface as smooth as any enamel, but upon this surface being broken
up with a bur a chalky, granular, whitish material containing at times
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the yellowish pigment is seen sometimes occupying the entire thickness
of the enamel.

Williams submitted the enamel at the borders of such spots to
microscopic examination and compared it with enamel in the first
stages of decay, finding in both a similar appearance characteristic
of a lack of or a loss of interprismatic cement substance (Fig. 183;
also Fig. 301).

Seetion through human suspid, showing suleus and appearance of tissue in its vicinity.
< 78, (Specimen by Choguet, photo. by Williams.)

Upon the data derived from his investigations with the development
of the enamel he concluded that these spots are due to a lack of such
cement substance.  This leaves as the probable substance in the spot
unfused globules mingled with some pigment.

Enamel formation about the sulei of teeth is frequently faulty;
owing to an imperfect union of the enamel segments forming the cusps
of the teeth minute fissures exist in the enamel; these are most marked
in the fissures of molars, as shown in Fig. 184. The enamel bounding
these fissures has an irregular structure.

The dentinal fibrillze may penetrate the substance of the enamel
(Fig. 185), occupying defined channels in its substance; this 1s re-
garded by Williams as a developmental accident. e points out that
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the organic filaments from the dentine become atrophied with the
progress of enamel formation and canals remain. Caush' claims
to have found this to be a normal condition of human enamel, and
regards these as nutrient spaces. (See p. 141.) This condition, as
also many other variations of structure found in the dental tissues

Fra. 185,

Seetion of human molar, showing dentinal fibrill:e penstrating enamel. > G600, (Willinms.)

of man, are shown by Williams to have their normal prototypes in
the dental tissues of lower animals; for example, the penetration of
dentinal fibrillee into enamel is a normal condition in the teeth of the
kangaroo. Such conditions are not to be confounded with fissures
of enamel where large lines of faulty caleification or non-calcification
extend through the thickness of enamel. A portion of the enamel, as

I Imternational Dental Journal, June, 1904,

14
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shown by Fig. 186, may occupy an area normally occupied by
dentine.

Enamel, even normal enamel, is not of uniform composition; were
it so, it would exhibit, in addition to an orderly arrangement of its
histological elements, a uniformity in color. So common are differences
in this direction that the presence of pigment bands must be regarded
as normal. It is the rule to find enamel traversed by deeply pigmented
parallel bands (Fig. 115) which pass obliquely upward from the
surface of the dentine to the surface of the enamel. These are termed
the bands of Retzius (see Chapter VL.); they appear to mark the size
of the enamel cap at successive periods of its growth.

Fic. 186.

Section of human bicuspid, showing mass of very imperfectly calcified enamel projected into
the dentine, with coarse fissures leading to the surface. 3 T5. (Williams.)

Stratification and striation of the enamel, as shown by Williams,
must be regarded as normal physiological records of the mode of
enamel formation. Kirk has shown that normal enamel shows vari-
ations in density in the same teeth. (See p. 160.)

All of these histological defects represent variations of deposition,
no doubt due to fluctuations of the nutritive processes of the child
at the time of tooth formation. Histological records made in the
enamel are not like those made in other tissues, for there is no certain
provision through which such defects can be remedied at subsequent

periods.
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Fi;. 187.

Section of human incisor, showinz * bands of Retziuzs” and marked stratifieation of
enamel. > 125, (Williams.)

Fic. 188,

Section of enamel from syphilitic tooth, with appearances resembling the lacunm of cementum.
A 600, (Willinms.)
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was faulty. The malformations noted in connection with the enamel

of syphilitic teeth have their analogues in the dentine (Fig. 192).
Interglobular spaces afford some evidence of the formation of

dentine by a deposition of globular bodies in a matrix of protoplasmic

Dentinal tubuli terminating in the spaces of
the granular layer. (Tomes.)

material. The continuation of the
tubules through the mass of un-
caleified contents 1s evidence of
their independent formation by the
fibril cells.

Histological malformations of the
pulp have not been recorded, the
normal histology of the organ not
being made out with sufficient cer-
tainty to determine what appear-

ances are to be regarded as abnormal. Grosser aberrations, such as
those shown in Fig. 151, are made out.

Spction showing interglobular spaces in dentine of a syphilitic human tooth, (Williams.)

Cementum. As stated in Chapter VI., the pericementum contains
numbers of multinucleated cells—odontoclasts; and their presence 1s

not to be regarded as abnormal.

The cementum of the roots of teeth

mav exhibit evidences of former action of these cells in excavations of
w
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been noted that not all syphilitie children present these dental appear-
ances; and again appearances said to be identical with them are
observed in children said not to be syphilitic; nevertheless the presence

Malformations of incisal half of crowns, with cervical half perfect. Attributable to
maloutritional processes rather than syphilis. (Model by W. A, Capon.)

Fic. 199.

Hutchinson’s teeth. Two upper centrals notched and contracted. Characteristically
undeveloped upper jaw. From an hereditary syphilitic, aged twelve years.

Fia. 200. Fra. 201,

Syphilitie teeth in upper and lower jaws as The teeth of hereditary syphilis
they appear when recently erupted. at maturity.
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of such teeth is usually regarded as a valuable diagnostic sign of
hereditary syphilis. ‘The existence of interstitial kerafitis and of
chronic catarrh of the middle ear in connection with Hutchinson’s
teeth are held to be diagnostic signs of hereditary syphilis (Hare).

Therapeutics based upon such a diagnosis are followed by better
results as a rule than when the general indication is ignored. The
boy from whose mouth a model (Fig. 199) was obtained had interstitial
keratitis in the left eye, chronic nasal catarrh, and a somewhat flat
development of the nasal bones.

Tomes favors and adduces evidence to support the contention of
Hutchinson that honey-combed incisal edges of incisors and cuspids

Fic. 202,

Pitted and fringed teeth, some of them ecarious at the incisal edges. Specimen in museum
of Philadelphia Dental College.

and oeclusal surfaces of first molars are indicative of mercurials ad-
ministered in early childhood.

Pitted, grooved, or otherwise malformed teeth may decay sometimes
so badly as to produce a black, slimy appearance almost loathsome
to view. In other cases surprisingly little caries develops.

Treatment. If slightly pitted, gold or porcelain fillings may be
introduced. In some cases grinding off the rough incisal edge is
sufficient; in other cases the teeth may require to be drawn down
after this procedure, or porcelain inlays may be used to restore the
incisal edges. In the extremely disagreeable cases above mentioned
some form of crowning must be resorted to. Fig. 203 exhibits a
restoration of the case shown in Fig. 198.
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preventing the eruption of the third molar. The lower third molar
rarely presents its roots to those of the second molar; the contrary
presentation is the rule. The condition also occurs apart from the

A, Fusion of upper geminous, permanent laterals, B, Fusion of lower right permanent
central and lateral incizora.

Fic. 211.

Fusion of upper temporary teeth. Double fusion of lower temporary lateral and cuspid.

eruptive process. IExcessive hypercementosis upon the roots of indi-
vidual teeth may finally result in their union (Fig. 205, ¢).
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In at least one case, the crown of the upper third molar was partly
erupted when concrescence occurred. Retained in this situation the

Fic. 212.

Conerescones. Third
upper molar impris-
oned between the roots
of the second molar.

crown decayed away, necessitating extraction; the
second molar came away with it.

The only treatment required for concrescence is
that indicated for hypercementosis (which see).

Gemination of Teeth. (Twin Teeth.) This term
has been used by Tomes in the sense of union of
teeth, but it is perhaps better used to designate
supplemental teeth of the same class. In twin
teeth the enamel organ of a permanent or temporary
tooth is duplicated, in all probability, two buds
arising from the cord or band as the case may be.

One of the teeth formed is, of course, a super-

numerary tooth, but in some cases both are typical teeth (Fig. 213).
The second germ may develop an atypical tooth or one but slightly
abnormal in form. The geminous teeth may undergo fusion as seen

in Fig. 210, 4.

Double gemination of upper permanent lateral incisors.

Dilaceration and Flexion. By dilaceration is meant a displacement
of a formed portion of a tooth in such a manner as to change its
relative position to the soft parts engaged in its development, the
development then being continued in the new relation.! The term
“flexion” may be made to include cases of abnormal development
in which the i’ormativa tissues, the enamel organ, or dentinal papilla

I Tomes.

il

L
.
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have had their relative positions altered by unknown forces. If, as an
example of the first class, an accident to a temporary tooth occur,
the force may displace the partially formed permanent crown. The
balance of the crown may be formed in the new situation and be of

Fia. 214. Fia. 215.

i =

P “gorR

Pulp hernia, flexion, and dilaceration,
mesodistal section: E, enamel, distal section
in the bifurcation of the roots; D, dentine:
L, €, cementum; P C pulp eavity; F, large
apical foramen; B of R, bifurcation of the
roots.

fairly perfect or of imperfect
structure. The same is true of
the tissues of the root; Fig. 214
illustrates both conditions.! This
1s most likely to occur with the
anterior teeth.
: _ : : As an example of the second
Dilaceration. Shows fold in the labial enamel and :
cervical dentine. (After von Wunschheim.) CIH.SS, d PDI‘tlﬂll of the enamel
organ of a tooth may be displaced
and in its new relations may form enamel in an unusual situation, as,
for example, upon the side or neck of the root (see enamel nodule) or
even in the bifurcation (Fig. 215). Again, it is conceivable that lack
of space may cause deflection of a pulp engaged in root formation,
a curved root being the result (Fig. 223).

Unusual Locations of Enamel. That during development the enamel
organ or portions of it may assume an abnormal relation to the pulp
s evidenced by odontomes. Apart from these there are evidences
seen in teeth which show that portions of the enamel organ may
become detached from the main organ and develop enamel in unusual

situations. Thus columns of enamel may penetrate the body of the
dentine.

1 G. von Wunsehheim, Fracturen, Infraktionen und Knickungen der Zihne,
15
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may lie quiescent or may excite cyst formation (IFig. 27), or give rise
to various morbid reactions.

It has been held by Broca that any of the formative organs of the
tooth—enamel organ, dentinal papilla, or follicular wall—may undergo
aberrant development and may there- :
after deposit calcific tissue or not, as Fia. 281.
the case may be. If not, tumors not =
distinetly dental may form.

Figs. 229, 230, and 231 illustrate
odontomes of simple and self-explain-
able nature. After completion of a
crown and portion of the roots the  pesuits of pulp bernia. (Tomes.)
pulp has suddenly enlarged far be-
yond its typical form, carrying with it the follicular wall. Ceasing to
enlarge, deposition of dentine has taken place at the expense of the pulp.

Opver this dentine the follicular wall has deposited cementum. The
whole forms what has been called a radicular odontome. The expansion
of the pulp has been termed a pulp hernia. (See also Fig. 215.)

Bl
i

il
|II

| 1Ir\,||!:.

il E'i': -'I_i.'|i||'

Extreme malposition of molar germs. (From model in Philadelphia Academy of Stomatology.)

The diagnosis of the presence of odontomes in cases of tumor
formation is made either visually, by @-rays, or by incision and explo-
ration. The treatment consists of their removal by su rgical operation.

Fig. 232 illustrates a case which is probably merely a case of abnor-
mal molar germs which, after misplacement in some manner, have
developed in the incisal region and pushed aside the central incisors.
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exceeded. They are perhaps all to be regarded as cases of long rever-
sion, not alone because they increase the number of the dental series,
but because they have primitive forms, a modification of the forms

found among the reptiles and fishes.

The fourth molar. (Hartman.)

Fic. 234.

Two atypical upper supernumerary teeth digplacing the ingicors,

Guilford! divides supernumerary teeth into those having typical
anatomical forms and those having the atypical forms.

1 American System of Dentistry, vol. iii.
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Supernumerary incisors having typical forms appear in either jaw.
In the upper jaw supernumerary centrals and laterals both appear,
the latter more frequently (Fig. 213). Supernumerary teeth may
oceupy any position relative to the dental arch, but are more frequently
seen at its lingual side. The compound cone occasionally appears
(Fig. 236). In addition to molars and incisors, supernumerary
bicuspids are occasionally found (Fig. 235); supernumerary cuspids
are very rare, but sometimes a brood of them exists, as many as seven-
teen fairly defined small teeth having been removed from a cyst in the
location of the cuspid tooth.’

Fic. 235,

Case of seven lower bicuspids, two supernumeraries in place and one erupting, This patient
has two supernumerary upper central ineisors displacing the centrals proper, yet closely
resembling them,

Unless supernumerary teeth are a source of offence, either through
their position or appearance, they need not be disturbed. If they
are found to be so, they may be extracted.

Malpositions of the Teeth. A tooth is said to be in malposition
when it is not in normal relation with the dental arch to which it
belongs and to its antagonizing teeth of the opposing arch. Teeth are
found in abnormal positions as the result of a variety of causes. Some
of these operate prior to, during, or immediately after eruption; some
long after the eruption of the teeth, and some because of non-eruption
of teeth.

Malpositions which are remediable through the application of

L T, M. Clapp, International Dental Journal, 1900,
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difficult eruption, if unrelieved, would be included in the category of
impacted teeth.

In Fig. 238 is shown a lower third molar presenting the eflects of a
previous impaction. The irritation caused by the efforts of the tooth to
disengage itself or to overcome the resistance to its eruption has caused
an active formative reaction in the pericementum, resulting in a hyper-
trophy of the cementum.

If the distance between the posterior surface of the second molar
and the columns of the coronoid process be very short, it is evident that
upward eruption is impossible, so that the tooth may assume any
direction of movement, the most common being forward, the axis of
the tooth changing its position until the tooth may lie in a horizontal
position or even become inverted.

Fic. 238.

Right half of lower jaw, showing an impacted third molar. (Cryer.)

Fig. 239 is taken from the same jaw as Fig. 238, but shows the
opposite side; the impaction is pronounced. Fig. 240 shows another
case with different anatomical surroundings. In the first case there
were evidences both in the tooth, in its bony surroundings, and in
the external cortical bone, of the results of the irritation produced by
the efforts at eruption. The cementum was thickened; the outer
follicular wall, the tissue designed to form the alveolar periosteum, had
exercised its formative osteogenetic function, and a capsule of bone had
formed about the tooth; it lay in a bony chamber. ‘The pressure
exerted upon the distal wall of the second molar had resulted in a
pressure resorption of its root until the pulp chamber was encroached
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upon. In Fig. 240 the root development has caused impingement of

the root apex upon the inferior dental canal. These were both post-
mortem cases, and no records of their clinical histories were obtainable.

The symptoms produced could only be surmised by the nature of the
anatomical relations and the pathological evidences. There may have
been a prolonged but mild periostitis, probably a continued pulp
irritation; and in the last, neuralgia of any grade of severity.

Fic. 239.

Inner side of left half of same lower jaw. (Cryer.)

Fic, 240,

Impaction of lower third maolar. Resorption of root of second molar and impingement of root
¥ upon inferioridental canal, (Cryer.)
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Judging from post-mortem records, cases of impacted third molars
are more common than generally believed. Instead of remaining in
the alveolar portion of the bone, the impacted tooth may come to
occupy a cavity in some portion of the body or the ramus of the bone
(Figs. 242 and 243). The positions of the teeth in such cases tend to

Fia. 241.

Same as shown in Fig. 239 with tooth removed. (Cryer.)

Fic. 242,

Wisdom teeth embedded in the rami of the lower jaw, (Tomes.)

confirm Tomes’ theory of the development of the jaw. The jaw being
lengthened, and the ramus developing through conjoined deposition and
resorption of bone, the crown of the tooth appears to be either fixed in
a bony nucleus and transported to some distant point in the develop-
mental progress of the jaw, or to be irregularly shifted about during
jaw growth. At later periods the pressure exercised by root formation
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anterior teeth, lie lingual to the roots of their predecessors. All of these
are elements which might cause displacement of the developing cuspids.
Should the advance of eruption not keep pace with the development
of the alveolar bone, imprisonment is likely; again, the dense bone

Fig. 245. Fig. 246.

A second molar of the upper jaw, with the
wisdom tooth inverted and embraced within
the roots, (Tomes.)}

Upper jaw, with the third molar directed
forward, and impinging upon the second molar. . = . .
The small tooth situated high up in the ante- lﬂlmﬁdlﬂtt-]}' &bﬂllt th‘E hrst blﬂl.]S-

rior part of the jaw was forced there by the '[}1{1 and lateral incisor Iy offer a
spade of the grave-digzer. The artizt's acou- e J el
racy in delineating all parts of the specimen deflecting resistance. Examining

has rendered this explanation necessary. - i

(Fowez) the texture .Di: thET bone about
these parts, it 1s evident that the

direction of least resistance to the advance of a much deflected crown

is into the cancellated bone of the 1neisor [mrtiuu of the alveolar

Abnormal jaw, showing impacted cuspids. (Cryer.)

process; hence it 1s most usual to find the crowns of these teeth lying
with their cusps pointing forward (Fig. 247). Several recorded cases
have the positions shown: one or both of the teeth may be '11n|nzwted.
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Cuspid teeth may erupt into the nasal cavity, appear in the canine
fossa and present the crowns cheekwise or lie horizontally and above
the roots of the bicuspids.

TFiG. 248,

==
Ty

Impacted bicuspid. (Salter.)

Fig. 249.

Imprisoned central incisor. (Kirk and Cryer.)

Impaction of Other Teeth. While impactions are most common in
connection with the teeth named, any other teeth of a denture may
be imprisoned. Tig. 248 shows an impacted bicuspid whose root
development has been normal as regards its length, but whose curve
has been modified by the resistance of surrounding tissues. Fig. 249

exhibits an imprisoned central incisor, whose retention was, no doubt,
16
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(3) abrasion removing the middle third of the crown: (4) abrasion
extending to the gum line or beyond (Broca).

When there is a marked overbite occlusion, with a consequent
lessening of the lateral movement of the mandible, the teeth do not

K1G,. 250.

The first and =econd degrees of abrasion.  Specimens from museum of Philadelphia
Dental College.

Fig. 256.

The third and fourth degrees of abrasion. Sesondary dentine plainly vizible.
specimens from museum of Philadelphia Dental College.
acquire flattened contact surfaces, but their cusps increase in sharpness
andl pointedness. This at times becomes exaggerated and }::'[:{im'{-.ﬂ;
an interlocking of cusps or rather worn surfaces which have very

sharp edges.
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The enamel may be resorbed from its internal surface after the
resorption of dentine by the pulp (see Chapter XVIIL.), and, as shown
by Woods," may be filled in with adventitious material of a structure
resembling cementum.

Treatment. Should the disease by chance occur upon a tooth which
later has been drawn into place the area may be filled, otherwise it
has only a pathological interest.

EROSION,

Definition. Erosion of the teeth is a term applied to the chemical
or chemicomechanical destruction of the hard tissues of the teeth
in such a manner that broad, shallow, smooth excavations are made

Fra. 263. Fia. 264,

A case of erosion (drawn from the cast): B, silhouette from a perpendicular line through the left
centrals, upper and lower, showing the loss of substance. (Black. )

in the enamel and dentine, and in situations in which dental caries
and abrasion are least likely to occur.

The excavations occur upon surfaces where fermentative processes
oceur in least degree and where there is no marked attrition. Figs.

263, 264, and 265 illustrate the characteristic appearance of areas of

erosion,
I Hopewell-Bmith.
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The diacid calcic phosphate is freely soluble and doubtless washed
away (Brubaker).

The reaction upon the tooth substance is but incompletely expressed,
no disposition being made of the sodium calcium phosphate. It would
seem that the reaction might well cease with the production of the
sodium calcium phosphate and acid calcium phosphate.

Brubaker immersed a tooth for a week in a solution of acid sodium
phosphate, subjecting it daily to toothbrush friction, and at the end
ii:_:“:t time spots and grooves resembling erosion made their appear-
[ S

Crystallization of salts from dialysate of saliva from erosion case, showing two typal forms,
Large crystal is ealeium lactate. (Hirk.)

In an article published in 1902, Kir & describes polariscopic experi-
ments made upon saliva from a patient afflicted with a general erosive
wasting of the teeth. The saliva of the patient, who was a sufferer
from inflammatory ‘heumatism and its associated migraine, etc., was
dialyzed and the dialysate concentrated and found to contain lactic
acid salts (caleium lactophosphate, calcium lactate, and magnesium
lactophosphate). Kirk concluded that the case was one of erosion
due. to lactic acid (Fig. 267).

Kirk’s study of the localized cases have convinced him that they

l Tt is to be understood that Brubaker advances thiz explanation h:.'ul;-thl.'fit!'.'lﬂ:-'. not as an
assured demonstration,
2 Ttems of Interest.
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are produced by either acid sodium phosphate or acid caleinm phos-
phate existing in an abnormal mucous exudate from the diseased

labial glands.

Fra. 268

Another field from the same specimen as Fig, 267, alzo showing two tvpal forms. Large
erystal is caleium lactate. (Kirk.)

Frg. 269

Crystallization from sol

LGN II|- -4} |--||Ih in 1 el cent |:|-"|i|' !||"E-J ].:II|'_|' ervatal is |'i|||'i.l]!'|l
lactate. (Kirk.)
Hemvding the proditetion of thess. sonormal. x e A
vegarding the production of these abnormal exudates, Kirk argues

that in diseases of suboxidation the blood is loaded with carbonie
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extend through it. The tooth is necessarily weakened and the crown
may break off; such a result is, however, very rare. The pulp is very

seldom exposed.

F1a. 270,

Sagittal action of human incisor prepared by Mr. Hopewel l-8mith's process, and stained
with hmmatoxylin: E C, erosion cavity, on surface of which can be seen Baums's clefts; P,
pulp tissue undergoing degenerative changes; F 0, atrophie odontoblnsts; 5D, secondary
dentine. > 45. (Hopewell-Smith.)

The editor has noted at times a peculiar grooving upon the dentine,
consisting of a series of very fine lines. The lines are nearly parallel
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Black has stated’ that “the formation of gelatinous plaques does
not occur in every mouth, though the caries fungi do grow in all
mouths, and that in the growth of the caries fungus on artificial media
it may be made to produce a gelatinous material or grow without
forming it by manipulation of the culture medium. The gelatinous
plaque is a thin, transparent film, usually escaping observation, and is
not the materies alba nor sordes.”

Fra, 204,

A LT S,
r | g W

o
el =" [

Bection of normal human enamel, showing thick, felt-like mass of micro-organisms slightly

raised from the surface of the tissue by pressure of the cover-glass in mounting. 3 250,
(Willinms_ )

Goadby* has succeeded in obtaining mucinous plaques upon steril-
ized teeth suspended in cultures of staphylococcus viseosus in non-
carbohydrate media. He has found this organism upon the white
decalcified surfaces of enamel in the mouth.?

In the plaques are bacteria of many kinds, including thread forms,
and they form a thick, felt-like mass always present at spots of enamel
undergoing decay. In these situations Williams* has invariably found
the leptothrix racemosa of Vicentini, a mould-like fungus. Its relation
to caries is not, however, certain | Figs. 207 and 208).

-]. T:lu.n'rnl ffn.‘-smn.ﬂ,.‘-inplmn}mr_ 1809, <« Myveoiogy of the Mouth,
* Ihid, 1 Dental Cosmos, 1897,
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The bacteria in the plaques require food and obtain it from the
carbohydrate and albuminous materials which come in contact with
them. From the carbohydrates lactic acid is produced as a waste
product. (See Chapter XII.) Williams states that it is “highly improb-
able that the enamel is affected, except in rare and special instances,
by any other acid than that which is being excreted by the bacteria
at the very point at which they are attached to the enamel.” '

Micro-organisms of caries attached to enamel on approximal surface of tooth. (Williams.)

This thick, glutinous-like mass of fungi also prevents the excreted
acid from being washed away, so that it exerts its full chemical power

upon calcific tissue.
The lactic acid produced attacks the inorganic matter of the enamel,

following first the interprismatic cement substance between the prisms,
later dissolving the transverse cement substance between the globules.
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Fra., 206.

Superficial approximal caries of enamel with films; also shows slight approximal
abrasion, (Miller,)

I, 297

Budding of spores on the stems of leptothrix racemosa. (Willinmas.)
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The effect is to produce an irregular, roughened surface of the enamel
and to bring into view the structure of the rods (Fig. 301).

The gradual loss of cement substance unbinds the enamel globules,
which are in turn dissolved and washed away, leaving a depression
or cavity. 4

In the process of enamel dissolution the bacteria may enter the
crevices formed by solution of the inferprismatic ce:jﬁent substance

and by repetition of the process gain access to the dentine (Fig. 304).
i

Fia. 298. i

Thick growth of leptothrix racemosa fructification heads from approximal surface of tooth, .
under high magnifying power, (Williams.)

The form of the enamel may be retained until and even after
decalcification has reached the dentine. Clinically this is seen as a
discolored spot, resisting the instrument until some force is used, when

it rapidly breaks down.
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"
-
e

A form of streptococcus found abundantly in mouths where very rapic decay of the teeth
18 in progress. = 750. (Williams.)

Fre. 300.

. i = ' # s
sSerapings of miero-organisms from the approximal surfoce of o decayving tooth: shows the lepto-

thrix buccalis maxima and the bacillus bucealis maximus of Miller. > 1500, (Williams.)

=]
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It is also noted clinically and microscopically that the decalcification
is deepest at a spot just above the point of contact, and less deep at
points buceal or lingual, oceclusal or cervical, to this spot, and still less
at points more buccal or lingual—. e., it shades off to zero lingually,
buceally, occlusally, and cervically (Figs. 296 and 305).

The dentine may in such cases be deeply affected. When the entire
thickness of the enamel is penetrated and the dentine attacked, there is

Fig. 301.

Eaction through human enamel, showing first stages of caries—i. &, solution of interprismatic
cement substance. To be compared with Fig. 183, (Williamas.)

a change in the mode of progress of the decalcification, which pro-
ceeds along the line of union between the enamel and dentine, as
well as direetly into the dentine (Fig. 305) ; in this way the enamel 1s
attacked from its dentinal side (Fig. 303). Bacteria growing in the
spaces from which the interprismatic cement substance has disappeared
cause detachment of masses of partially decalcified rods (Fig. 306).
In the ultimate breaking down of the enamel the rods first separate;
the outlines of the several globules of which the rods are composed are
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brought into plain view; next, the calcified plasmic strings noted in
enamel formation become evident; and finally the bead-like masses
upon these strings are left as the ultimate granular detritus of the
enamel,

In cases of rapid enamel dissolution Williams found streptococei
almost mnvariably present; and suggests tentatively that the variety of
organisms may be the factor governing the rapidity of dissolution
(Fig. 299).

Fia. 302,

aql

i

._-- = AR e

Section of human bicuspid, showing commencement of caries: @ and al, appearances caused
in enamel and dentine by the acid of decay: b and b2, shreds of a felt-like mass of bacteria raised
from the surface of the enamel: e, a cavity. > 12. {Williams.)

These are probably the streptococcus brevis of Goadby (micro-
coccus nexifer of Miller).

Williams found S. pyogenes albus and aureus and sarcinea lutea
to be acid producers.

The large cocci and diplococei shown in Fig. 306 were always
found in the secondary decay of enamel.

“In the direct caries of enamel the cavities are lined with leptothrix
and thread-like forms” (Fig. 308).

““"T'he leptothrix buecalis maxima and the bacillus buccalis maximus
of Miller are nearly always found, the latter more sparingly” (Fig. 300).
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““Beneath the felt-like masses of thread forms and lying in contact
with the decomposing enamel in direct decay, and also in deep cracks

Fic. 303.

say in enamel and dentine at the line of

Section of earious tooth, showing appearances of dec
el and dentine are masses of micro-

union of these tissues; the dark spots shown in the enam
organisms. ¥ 250. (Williams.)

Fra. d04.

Penstration of bacilli between enamel prisms after solution of interprismatic cement substance.

i Miller.)

and fissures in secondary decay, there is invariably found a short,
thick bacillus, usually constricted in the centre.”
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Caries of Nasmyth's Membrane, Miller' demonstrated that the
enamel cuticle may act as a breeding ground for many forms of bacteria
which occupy it, forming a matrix which may retain minute particles
of food, which in turn aid in acceleration of the progress of decay
(Fig. 309).

Caries of Dentine. The bacteria after penetrating the substance
of the enamel attack the dentine. This presents a different anatomical
and chemical structure to be acted upon. Beneath the enamel the

Fra. 305.

Decalcification of enamel without loss of form: a, film, » 35. (Miller.)

first layer of dentine is of a composition which permits the bacteria
to rapidly spread laterally along this zone. They also enter the tubules
of the dentine and penetrate by multiplication toward the pulp. A
wedge-shaped area of decay is produced (Fig. 311).

In all cases decalcification precedes these invasions. At the periphery
the tubules communicate freely by their lateral branches (Fig. 310),

and the lateral spreading of the bacteria by multiplication is readily
explained.

! Micro-organisms of the Human Mouth, 1880, and Dentnl Co=mos, 1900,
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It is seen clinically in caries that a portion of the dentine is abso-
lutely destroyed and removed, leaving within the tooth a “cavity of
decay”’ bounded by dentine and enamel undergoing disintegration; be-
neath this lies dentine less affected, and beneath this sound dentine
(Fig. 311). These phenomena require explanation.

The tubules of the decalcified dentine become packed for a distance
with bacteria (Figs. 312 and 314). These probably act upon the organic

Fic. 3046.

Cover-glass preparation from scrapings of white, opague, decaying enamel: the cement sub-
stance between the rods is seen to be dissolved away, and the crevasses thus:formed are filled
with round and oval forms of micrococel and bacteria, Stained by the Gram method. > 450.
(Williams.)

matrix of the decalcified tubule walls. The internal pressure due to
multiplication distends them so that the lumen is enlarged. At the same
time the bacteria excrete a ferment or ferments which cause the wall
at first to thicken. The dilatation and thickening together cause the
compression of the decalcified intertubular substance, and the tubules
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caleification, and that it impedes the progress of caries; that it does
not succeed, as a rule, is due to the overwhelming action of the bacteria.

In cavities from which the walls are broken away, freely exposing
the ecarious dentine to mastication, the carious dentine and its con-
tained bacteria may be removed by friction (Fig. 329).

In the transparent area the tubules become obliterated ; a polished,
discolored surface results resembling in degree an abraded surface.
This process is called “eburnation” and is really tubular calcification
(which see). In the same tooth a more sheltered border of this spot

Transparency resulting from eracks in the enamel at @ and B. % 20. (Miller.)

may be undergoing the carious process. Miller records cases of badly
decayed teeth in which the process ceased spontaneously and the
dentine became hard and smooth.

Pigmentation in Caries. Pigmentation occurs in caries possibly from
extraneous substances entering the carious area, possibly from the
substances formed during putrefaction.

The slower the progress of the decay the greater the discoloration.
The colors vary from light yellow to reddish-brown, dark brown,
and black.

The color is, as a rule, darkest upon the outside of the earious
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HYPERSENSITIVE DENTINE AND ITS THERAPEUTICS. 399

difference in degree of irritability is manifested in another manner:
if a mild sedative—for example, oil of cloves—Dbe applied to the hyper-
sensitive dentine of one person, it may remove the distressing symp-
toms, but with others it may be necessary to employ the most extreme
measures to reduce in any degree the hypersensitivity.

The general perceptivity of the individual seems to play a part, and
even apparently normal dentine may be exquisitely hypersensitive.
Again, pain produced in excavating may be due to the character of
the manipulation, heavy continued burring producing heat; lighter
touches may excavate equally well, but produce much less pain. The
dullness of the excavator or bur has a similar effect.

Diagnosis. In the diagnosis the above characteristic symptoms are
to be considered. The decisive test is made by pressing an instrument
upon the suspected surface, when the characteristic pain is produced,
subsiding upon or shortly after removal of the contact.

Upon the pulpal wall of deep cavities doubt may exist as to whether
the pain is due to pulp irritation.

A suspected exposure may be differentiated by the localization of
the pain upon touch to a point corresponding to the pulp horn or
pulp body, or by the point catching in the exposure. Hyper-
sensitive dentine will be more generally distributed. Pulp abnor-
mality or approach may be detected by means of a drop of cool
water or a blast of cool air from a syringe. (See Hyperemia of the
Pulp.)

Treatment. The methods of treatment which have been followed
for the relief of hypersensitivity of dentine, and the induction of such a
degree of analgesia as will permit the necessary cutting of dentine,
may be divided into general and local.

GENERAL REmEDIES. The general remedies employed are those
which abolish or lessen the perceptive function in the centres of the
fifth pair of nerves, or which reduce hyperirritability of the nervous
system. Either general anwsthesia or general anodynes are employed
to lessen perception. The inhalation of a few whiffs of chloroform
or ethylic ether lessens the perception of pain. Chloroform is avoided
in this connection on account of its dangers when used in the sitting
position. Slight etherization, the inhalation being carried only to the
benumbing point, affords marked relief from the pain incidental to
the cutting of hypersensitive dentine.

The administration of general anodynes, particularly the combina-
tion of morphia and atropia, has been found useful in this field:
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The child should always be treated with kindness and truthfulness
to establish faith, yet with sufficient firmness to command control.

Fra. 337,

Right upper temporary molar disked lingually and filled.

Under no circumstances should the child be given an excessive
dread of dental operations, or be broken by nervous shock, as this
attitude defeats the object sought.

RECURRENCE OF CARIES.

Passing over as disproved by Miller the theory of Palmer that caries
recurs about fillings as the result of electric action, it may be stated
as proven by scientific and clinical experience that it recurs because
after teeth have been filled conditions exist which favor the collection
of microbic plaques even more strongly than the original conditions,
and that when recurrence has been prevented the work has been done
in such a manner as to prevent such collections.

The specific defects which favor the formation of bacterial plaques
may be epitomized as follows:

1. Lack of proximal contact (food wedging between teeth).

2. Roughness of the filling at an otherwise good proximal contact
point which menaces the proximating tooth or the margin of the
cavity.

3. Unremoved excess of filling material at margins, producing a
ledge which collects food, ete. The edge of a crown may act in a

similar manner.

























































CONSTRUCTIVE DISEASES OF THE DENTAL PULP, 373

in the irritation. This investigator notes that irritation of the pulp
of one tooth of a denture very frequently causes a general hyper-
wsthesia of the pulps of all of the teeth. This is particularly notable
in the type of persons classed as neuralgic. It is also common in
persons of the gouty diathesis. It should be remarked that a general

Fra. 349,

0

PN

A pulp nodule fused to the parietes of a pulp eavity. Prepared by grinding. PN, pulp nodule:
D, dentine of the tooth. < 15. From section by J. F. Colyer. (Hopewell-Smith.)

pulp hypermsthesia is frequently the precursor of an acute outbreak
of gout in such persons. Nodules are found much more frequently
in the teeth of middle-aged persons than in those of youth, although
they may be present as arly as the fifteenth year. They occur more
frequently multiple than single. Some of the larger nodules are
ﬂ"’i‘lﬂllﬂ}' formed by the coalescence of smaller ones.












CONSTRUCTIVE DISEASES OF THE DENTAL PULP. 977

in extracted teeth, many of them free from caries, and in which there
was no history of pain. On the contrary, the pulp of a tooth may
be the seat of intractable pain without a depth of carious invasion
which would lead to the inference of acute pulp disease; and relief
only be secured through divitalization of the pulp, which upon exami-
nation may reveal a small pulp nodule.

The symptoms attendant upon the presence of nodules, so far as
they can be made out, appear to be of two types—those associated with
small and those with extensive deposits. Reflex pain is the common
associate of both.

Fig, 354,

The formation of the pulp nodule. Prepared by Mr. Hopewell-Smith’s process. PN, pulp
nodules; M N, medullated nerve bundles; P, pulp tissue: C, capillary. » 280. (Hopewell-
HSmith.)

SMALL Deposits.  While it is true that pulp nodules exist in appar-
ently sound teeth without inducing pain, yet the pulps of teeth con-
taining them become excessively hyperwsthetic under what are ordi-
narily mild sources of irritation. This is manifested, first, through
the contents of the dentinal tubuli; the dentine becomes exquisitely
sensitive, and cool water directed into a shallow cavity produces a
paroxysmal and excruciatingly painful response from the pulp. In the
absence of direct, extraneous irritation of the pulp, the dental symp-
toms may be absent, but a persistent neuralgia may be located at
some distant point. Pain in the ear is a frequent svmptom. Oeccasion-
ally an obstinate scalp neuralgia, with the existence of a hyperwsthetic





















































































































416 DESTRUCTIVE DISEASES OF THE DENTAL PULP.

Fibroid Degeneration of the Pulp. Apart from the degenerations
due to inflammatory conditions, a form of degeneration occurs “as a

Fii. 447,

Ty ¥

Prepared by Mr. Hopewell-

Horizontal geetion of fibroid degeneration of the pulp 2 gl
I}, deeply atained-denting; 5, InrFe areclar Spacoes; I ), degenerate odonto-

Smith's process:
Hopewell-Smith. )

blasts: P, fibroid tissue of pulp. < 40,

life of a healthy pulp.” and similar

natural old-age termination of the
(See Fibroid Degen-

to senile changes occurring in the pericementum.

eration of Pericementum.) This change, first described by Hopewell-



stroma is very dense, has a clear, fibrous structure, becomes very
marked in staining, and is highly differentiated from the surrounding

Fibroid degeneration of the pulp. D, dentine with tubules ; @, fibroid odontoblasts ;
P, atrophied pulp tissie,

tissue. The bloodvessels, nerves, cells, and connective tissue have all

disappeared and their place is taken by a new, firm, fibrous structure
devoid of cells, nuclei,

parts.

L "'I‘here: is no calcification of the pulp and no obliteration of the
dentinal tubules.

“The proximate cause and
clearly related,”

Or any regular arrangement of constituent

DEGENERATION OF THE PULP. 417
Smith,' occurs in teeth of the aged in whose mouths simple alveolar
resorption has occurred.

Morbid Anatomy. “The pulps are shrunken and may have left the
wall of the pulp chamber. Many areolar spaces appear which may
be arranged in chains. The odontoblasts are degenerated. The pulp

¥

associate phenomena are not as yet

I Histology and Patho-histology of the Teeth,

27






































































































































































































CHRONIC APICAL ABSCESS WITH FISTULA, 483

up about the parts has a resorbent action and the root ends are often
resorbed, though this action is probably to an extent counteracted by
the alkalinity of the pus. The formation of the latter may, however,
be in abeyance at times.

The extent of tissue destruction varies considerably, but is usually
greatest in dependent parts, gravity influencing the burrowing of the
E}Ll-":-

Symptoms and Diagnosis. A fistula is seen upon the gum, visible as
either a small teat of flesh (perhaps pedunculated), discharging pus,

TG, 437, Fic, 435,

i S

Apical abscess, rarefied area, showing

light in the skiasgraph, (By Custer.)
or as a tiny orifice in the gum
surrounded by inflamed tissue, -

and from which pus may be

squeezed (Fig. 422). As a
rule, a soft, silver probe may
e e L be passed to the apex of a
incisor, complicated by an impacted supernumerary I dpex «
:‘.:r:,tltl_::‘;;‘:,l:i:]r::::,m"mHi""u' (Philadelphia Dental pegrhy root, whether possess-

ing a crown or embedded in
the bone. In case of an external opening upon the face a similar
procedure shows the trouble to lie with some tooth root. The a-ray
will sometimes be valuable in determining the exact location of the
abscess cavity.

Upon the teeth themselves but four conditions may cause a fistulous
opening: (1) moist gangrene of the pulp or its equivalent apical
infection; (2) septic perforations, apical or lateral; (3) a pericemental
abscess (see Pericemental Abscess); (4) a secondary abscess associated
with a pyorrheea pocket. (See Pyorrheea Alveolaris.)

Aside from these, the probe may lead to carious or necrosed bone,
a cyst, an impacted tooth, or a subperiosteal abscess (maxillary peri-
ostitis).









































































































518 DISEASES OF THE PERICEMENTUM.

The pericemental condition of passive hypersmia following upon
relative disuse of the teeth has been described; the condition following
upon absolute disuse differs in that the pericementum receives no
exercise whatever. The clinical history of these cases is that of a
progressive extrusion of the tooth; it projects beyond its fellows in
increasing degree. The borders of the alveolar process recede, but
usually to less extent than the tooth protrudes or is extruded. The
tooth becomes progressively looser, until in its latest stages a portion,
which may be one-half of its root length, is attached to the jaw through
the medium of a mass of soft tissue alone; all true alveolar connection
has disappeared. After extraction or complete extrusion, the root of

Fia. 462,

Absolute disuse and elongation of an upper and & lower molar: partinl disuse of bicuspid;

amall abscess cavity in the bone about a root. { Philadelphia Dental College Museum. )

the tooth is seen to be devoid of pericementum except at the apex of
the root. The alveolar process has undergone limited atrophy, although
in some cases its outer walls may be thickened.

Pathology. 'The passive hyperzmia has apparently led to swelling
and degeneration, with subsequent atrophy of the pericementum, and
the normal atrophic changes which occur in the alveolar process have
become hastened and quickened. These cases frequently hecome com-
plicated by infections, when the tooth loosening becomes pronounced.
The pulp vessels are cut off and the dead pulp tissue furnishes a soil
for micro-organisms, whose poisons hasten degeneration of the tissues
1 the abnormal alveolus. Suppuration may oceur—i. €., abscess form.
Through this process the jaws cast out crownless roots; in these the






820 DISEASES OF THE PERICEMENTUM.

Pathohistology. The chief characteristics are an increase in size
of the fibres of the pericementum, the loss of their nuclei, and their
generally structureless character, and their arrangement in prominent
bundles about large spaces (areolm). (See Fig. 463.)

The fibres are firmly implanted in both bone and cementum. The
cementum does not become hyperplastic (hypercementosed), but the
bone becomes osteoporous and the Haversian canals contain a shrunken
fibroid tissue resembling that in the pericementum (Fig. 464).

Fic. 463.

B L b T el L

i ) B e o

Fibroid degeneration of the pericementum: €, cementum; 4, alveolus; F, fibres with decrepit
nuclei. Transverse section. (Hopewell-Smith.)

The gum tissue in the vicinity also undergoes retrogressive changes
in sympathy, becomes less vascular and more fibroid.

The condition may persist without inflammatory or suppurative
changes, though it may act as a cause of obscure neuralgia or as a
predisposing cause to pyorrheea alveolaris.

Hopewell-Smith points out that the areolar spaces may admit micro-
organisms to deep parts, thus predisposing to antral disease or possibly
osteomyelitis.
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Fre, 4064,

Fibroid degenerntion of the pericementum: ¢, cementum:; M, degenerated pericementum;
A, alveolus; H, enlarged (osteoporous) Haversinn canals. Transverse section. (Hopewell-
Smith.)

ACCIDENTS TO TEETH.

Apart from fracture of the teeth by accidents, several interesting
accidental conditions involving therapeutics require consideration.

Teeth Driven into Alveolar Process. Blows, falls, ete., have ocea-
sionally caused teeth to be driven forcibly into the jaw. The condition
may be complicated by fracture, in which case the judgment of the
operator must be exercised. If the tooth be not fractured it may be
drawn down with forceps and ligated in place until firm. If evidence
of pulp death be noted by subsequent test, or apical pericemental
inflammation, the pulp should be removed.

Luxation or Partial Dislocation by Accident. Teeth may be
partially knocked out and driven either lingually or buccally. The
pulp connections will be ruptured, as a rule, but after asepsis of the
parts by means of antiseptic sprays the teeth may be pressed into place,
and if ligated or splinted may again become firm by deposition
of bone about them. The pulps nearly always give evidence of death;
so that the pulps should be replaced with canal fillings.






























INTERSTITIAL GINGIVITIS, 531

(b) Perforating canal resorption beginning in the small canals
normally perforating the trabecula of bone in various directions and
transmitting the bloodvessels from one medullary space or Haversian
canal to another (Volkmann’s canals). The osteoclasts widen these,
necessarily reducing the substance of the trabecule (Fig. 63).

(¢) Halisteresis ossium, beginning with a decalcification of masses of
the bone, the organic matrix being for a time undisturbed, but is later
removed. This is a local expression of what may occur in other bones
of the body in the condition known as osteomalacia (Fig. 66).

Fia. 468, Fra. 460,

Fic. 468 —Longitudinal section of gingival border, showing round-cell inflammation, due to
mercury, and extending to the inner coat of the bloodvessel, and also plasma mast-cells, From
adog. (Talbot.)

Fia. 460.—Endarteritis obliterans: A, adventitia; E, elastic tissue between middle eoat and
intima; M, muscular coat ; J, thickened intima. (Talbot, after Kaufmann,)

According to Talbot premature resorption of the alveolar margins,
either local or general, is due to this process, called by him alveolar
osteomalacia, and occurs in pregnancy or senility, as a rule.

He states that the decalcified bones may be recaleified after confine-
ment in pregnancy, but is never restored in senility.

A lesser degree of irritation may set the osteoblasts at work and
cause the building up of the alveolar process, either as a restoration of
resorbed bone or as an hypertrophy of either the alveolar process or
the cementum of the root (hypercementosis).

Endarteritis obliterans is a thickening of the intima of an artery
or capillary, due to chronie irritation and causing a lessening of the
lumen of the vessel, even to the point of obliteration of the capillaries.



539 PERICEMENTAL DISEASES BEGINNING AT THE GUM MARGIN,

The blood flow is impeded and nutrition of cells impaired. Any
cause of interstitial gingivitis may produce it; in all cases of chronic
interstitial gingivitis the bloodvessels are so diseased' (Fig. 469).

Treatment. The treatment of interstitial gingivitis i1s either that of
marginal gingivitis or pyorrheea alveolaris. The deseription is intro-
duced as an explanation of the deep action of causes producing
marginal gingivitis, and of the manner in which marginal gingivitis
leads to pyorrheea alveolaris or other forms of pericemental and
alveolar loss.

MARGINAL ATROPHY OF THE GUMS.

In advanced age there exists often a tendency of the gums to shrink
evenly away from the enamel, exposing the cementum. Hopewell-
Smith deseribes this as accom-
panied by fibroid degeneration of
the pericementum, and regards

Fra. 470.

the latter as a purely senile
change.

It may be noted upon the bue-
cal side only of a denture and be
due to vigorous brushing.

It is also seen localized at
cervices next to a space from
which a tooth has been extracted.
In one case the editor saw a
slightly hypertrophied gum dis-
tinctly overlapping a cavity mar-
gin drawn back one-eighth inch

” e within a month as the result of
e s ssption afler. GXtpaction.of the adjoining 7008
extraction, (Philadelphian Dental College Mu- Apart from senile ::hanges and
S possibly even including them these
effects seem to be the result of an overstimulation of the gums resulting
in atrophy. It may be that collections upon the teeth are in some
degree responsible. The gums have, for the most part, a healthy look,
but are in a condition predisposed to pyorrhoea alveolaris.
There seems to be no treatment possible beyond careful removal of
deposits of all kinds and the avoidance of excessive brushing of the

FILITLS.
& 1 Talbot.



































































































PYORRH@EA ALVEOLARIS AS A MARGINAL GINGIVITIS. 5656

Fia. 613.

Splint for securing previously treated lower
anterior teeth, (Ames, after Smith.) Upper teeth prepared for splint. (Ames.)

Fia. 515, Fia. B17.

Splint for use in the ease shown in Fig. 514,

Fia. 516.

Same as Fig. 514. Splint in position. Root with cap fitted. (Ames.)

Fra. 518. Fic. 519, Fre. 520.

Splint for lower incisors, [(See text.)
[Ames.)

Tooth with Richmond eap. (Ames.)






























PHAGEDENIC PERICEMENTITIS. 575

were nearly the same as at first and no other teeth had become
involved. Nor had the teeth further elongated.

The destruction of the tissues may assume several forms. In certain
mouths, especially in neurasthenic and anemic patients, a viscous
material may accumulate u pon the
necks of teeth or exposed roots; and Fis. 528.
the pericementum, bone, and gum may
apidly inflame and disappear, leaving
the roots exposed to collect more of the
material. :

The resorption may occur as shown
in Fig. 529, or the gum may be split
and the destruction follow the length . .

- 1 Destruction of pericementum, bone, and
of the root on one side only until even  gum over buccal raot of & metar,
the apex is reached (Fig. 528).

The tooth may be loose or firmly attached by the remainder of the
pericementum,.

Fig. 529 is a model of the lingual side of the right upper teeth under-
going the former process. The left upper posterior teeth and the lower
incisors have also been lingually affected. There is but little caleulus,
but the viscous material is quite abundant, black stain is present, and
dental caries is rife. The patient has been anemic and neurasthenic

Fig. 529,

Resorption of gum over palatal root of an upper molar, associnted with but trifling deposit of
caloulus, but the root is covered with a viscid deposit. Age thirty-two years. Patient nouras-
thenie and of tuberculous diathesis. ;

for years, and one lower molar has been removed for resorption of the
apices of the roots associated with looseness.

When pericemental destruction has involved the apical pericementum
death of the pulp occurs, and infection of the necrosed pulp results;

abscess forms and pus discharges via the |::~'m'r|m*n pocket.



























o84 PERICEMENTAL ABSCESS.

as a gouty abscess or, as more lately termed, a pericemental abscess.
T'he fluid may consist of coagulated lymph or of pus. The discharge
in the one case may be glairy, in the other purulent.

If the abscess be located near the gum margin it may follow the
pericemental tract just as an apical abscess may do and discharge at
the free margin. In this case the condition simulates a pyorrhcea
pocket.

If the abscess begin near the apex it may find vent through the
gum and thus produce a fistula simulating that of apical abscess
(Fig. 536).

Morbid Anatomy. Aside from the state of the teeth which show
evidences of a tendency to secondary dentine and nodule formation,
it has been noted that the abscess is intrapericemental, not sub-

Fig. 535.

Two views of an intrapericemental abseess.  Pulp vital.  (Kirk.)

pericemental. Figs. 535 and 536 show the inflammatory swelling of
the pericementum, the central abscess cavity, and the loss by resorp-
tion of the alveolar process may easily be calculated. The original
chronic nature of the local irritation in this case is evidenced by the
presence of hypercementosis.

In several of these cases, where the fistule have been of long stand-
ing, the editor has removed calculi (Fig. 537).

Symptoms. These have been largely foreshadowed in the discussion
of the pathology. Upon some vital tooth there appears an UNeasiness,
at first not very painful, followed later by an inflammatory swelling
which may produce acute pain and then discharge a glairy fluid or
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