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vl PREFACE,

very portal of the human body is a fact which has only recently
begun to receive the attention which its importance demands.

It has been my endeavor in the following pages to bring about
a better understanding of the nature and extent of bacteritic
growths in the hwnan mouth, of the disastrous effects which
they are eapable of producing, and, accordingly, a more proper
appreciation of the importance of dental surgery and dental
hiygiene as a branch of general medicine.

The contents of the book consist chiefly of original investiga-
tions which, in part, have appeared in different American,
English, and German journals, and in part appear here for the
first time.

The first three chapters are designed more particularly for
those of my readers who may not have ocenpied themselves with
bacteriological studies, it being, in my opinion, utterly impossi-
ble for anvone to obtain a proper understanding of the action of
micro-organisms in the mouth without a knowledge of at least
the elementary principles lving at the foundation of the science
of bacteriology.

Of those works to which I am indebted for aid in my labor,
I wish to mention in particular the Lehrbuch der Mikroorgan-
ismen, by Fliigee, and Die Fortschritte in der Lehre von den
pathogenen Mikroorganismen, by Baumgarten.

[ take pleasure in acknowledging the very valnable assistance
rendered me by my friend Mr. Frank Thilly, of Cineinnati,
(hio, in the preparation of the manuseript.

Tue AvTHOR.
Bernix, May, 18590,
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Tue Micro-Orcanisus or THE Hovan Mourh,

CHAPTER I

INTRODUCTORY.

Fuxer belong to that class of Cryptogamia which are desig-
nated as Thallophyta (Thallophyvtes).

Their position in the vegetable kingdom may be indicated by
the following classification :

,.’f'nrn;;r',

[ Cryptogams, [ Thallophytes, { Alge,

| lowerless plants | Lichens.

i reproducing chiefly L
by spores.

Leafy
Cryptogams,
Plants. <
| Phanerogams,
Hlowering plants
reproducing by
L seeds.

The Cryptogams differ from the Phanerogams in the ab:ence
of flowers, and in that they do not propagate themselves by
means of seeds, in which the future plant is already present in
embryo, but by means of sporcs, Z.e. by simpl: bodies or cells,
which show no differentiation corresponding to the parts of the
future plant.

As leaf-bearing Cryptogams, we designate those spore-forming

1 1



2 THE MICRO-ORGANISMS OF THE HUMAN MOUTIIL.

plants which have leaves, stems, and often also roots. These
represent a higher stage of development than the Thallophytes,
inasmuch as the latter do not have the parts mentioned.

Thallophytes are very commonly divided into Fungi, Algee,
and Lichens: Fungi being characterized as cells without chloro-
phyl, which subsist on preformed organic substances: Algew as
cells with chlorophyl, living on inorganic substances; Lichens as
a combination of cells with and without chlorophyl, also living
on inorganic substances,

This classification has, however, recently been justly pro-
nounced untenable, sinee it is not possible to make the presence
or absence of chlorophyl a eriterion for determining the fungal
or non-fungal character of any growth. The fungi comprise not
ouly llmlmplnte-: without, but also such with c-hlc-rnphl , and
indeed some of the most characteristic members of this group
of Thallopliytes contain chlorophyl (de Bary?’). Secondly, fungi
and alge show so marked a similarity in regard to their mor-
phology and conditions of reproduction, that a separation on the
chlorophyl basis alone scarcely seems desirable. In the third
place, recent investigations have demonstrated with considerable
certainty that lichens are not entitled to recognition as a sepa-
rate group of mwmns.ma Imnw tmtllmw more than a mixture of
fungi and algze, in which the former live as parasites upon the
latter (Fliigge?). Again, the view has been steadily gaining
around that bacteria have very little in common with the pure
fungi, and accordingly should not be classed with them.

FFor the present I have, however, retained the old division,
particularly as the question of arranging and classifying the
’1":1:!.1]0“]1\"[:!5 has not yet been definitely settled. (See Lit.

, 2, 8,4.)

From a hygienie point of view we recognize four chief groups
of fungi:

1. Fission-fungi (Bacteria) ; ; . Schizomycetes.
2. Mould- or Thread-fungi (Fungi proper,

Moulds) . i : : : Hyphomycetes.
3. Bud-fungi (Y east- fungi, Yeast) . ; Blastomyecetes.

4. Ammalrtungl (Pilzthiere) ; . Mycetozoa.
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Of these four groups, bacteria command by far the greatest
interest. They are the chief agents in the production of those
intense decompositions designated as fermentation, putrefaction,
ete. By this means they not only prevent the accumulation of
dead animal and vegetable matter upon the earth’s surface, but,
at the same time, produce from the complicated oreganic sub-
stances of the latter the simple compounds, carbonie acid (CO,)
and ammonia (NH;), which are absolutely necessary to the con-
tinuance of a chlorophyl-bearing vegetation,

Without these processes all higher vegetation, and conse-
quently all animal life, would in the course of time become ex-
tinet. Unfortunately, however, the activity of the bacteria is
by no means restricted to the performance of this important role
in the household of nature. They are also capable of exerting
a most deleterious influence on the living animal body, and Fave
been recognized as the exciting cause of the majority of all dis-
eases to which mankind is subject.

Mould-fungi (Moulds), although very widely distributed in
nature, do not by far play so important a part as the fission-
fungi. They do not produce as intense decompositions of organic
substances, nor, with the exception of certain cutaneous diseases,
are they capable of bringing about such disturbances in the
human body as result from the invasion of fission-fungi. Many
diseases of plants and of lower animals (insects) have, however,
been traced to the ageney of mould-fungi.

Bud-fungi (yeast-fungi) exert even less disturbing influence
on human life than moulds; with the single exception of
thrush, no disease is at present known to be due to their action.

Our knowledge of the physiological and hygienic significance
of the “animal-fungi” 1s, as yet, very inaccurate.

The lower Myecetozoa (Monadina) occur as parasites on algme
and fungi, as well as on higher plants. They have also been
found in enormous quantities in the human intestines, in dis-
eased as well as in healthy conditions, withont it being possible
to assign to them an indubitably pathogenic action.
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SHORT OUTLINE OF THE MORPHOLOGY AND BIOLOGY
OF BACTERIA.

Bacteria are microscopie, spherical or elongated, unicellular
organisms, which live upon preformed organie substanees, and
increase by fissation, or through the medium of spores,

Each cell possesses a cell-membrane and protoplasmic contents;
the latter is usually homogeneous, seldum containing vacuoles
or granules (Beggiatoa). The deposits of lime-salts, so common
with other Thallophytes, have been but very rarely observed in
erowths of bacteria.

Many kinds of bacteria possess the power of locomotion, and
consequently were formerly often classed among the infusoria.

The size of the cells of the different kinds of bacteria varies
very considerably, nor are the cells of one and the same kind
always of the same size. The micrococcus of progressive sup-
puration in rabbits has a diameter of only 0.154*; several mil-
lions of this micro-organism could easily dance, if not upon the
point, at least upon the head of a pin.  On the other hand, Beg-
giatoa mirabilis is 35x thick, and Spiroch:ete plicatilis attains a
length ot 225 or } millimeter.

1. ForMs oF DACTERIA.

~ According to de Bary, the chief forms of bacteria are:

1. Cocei: isodiametrie, or at least but very slightly uniaxially
elongated single cells.

2. Rod-forms : uniaxially elongated, cylindrical, less frequently
spindle-shaped cells, or short chains of the same.

3. Serew-forms: rods which are twisted after the pattern of a
corkserew, partly with shallow, partly with steep spirals.

To the first group (coccus-forms) belong :

a. Micrococei: cells spherical, or nearly so (Fig. 1, «, ¢. ).

b. Macrococei, Megacocei: remarkably large cocel,

e. Diplococei: biscuit-shaped c:lls, which arise during the
fissation of cocci (Fig. 1, b).

It would probably be more correct to consider diplococei
simply as transition-forms.

#y — inikro-millimeter — y Y5 millimeter.
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To the second group (rod-forms) belong :
d. Bacilli: rods, ie. cells, whose longitudinal axis visibly
exceeds the transverse (Fig. 1, p).

Forus oF BacTERIA.

a, Coeei. B, Diplococel. e, Cluster-cocel (Staphylocoesci), d, Coceus chaing (Streptocoeed,
Taruia). . Burface-shaped colonies (Merizmopedial, f, Packet-shaped colonies (Sarcina). @,
A doubls cocen= chain produoced by a single fissation of each momber in a direotion at right
angles to the long axis of the chain. #, Vibriones. i, k, Spirilla. /, Spirochietes. m, Spiro-
monades., n. Spirnlina. o, Cladothriz. p. Roda (ba-i' ). 4. Clostridium. . Leptothrix
{thrends), ", Articolated threads. = Rhabdomonas, & w, ¢, Zooglea. (In part after Fliigge
& Zopf )

¢. Clostridinm : E-|Jitlci|{_'-sllill:l1d cells (Fig. 1, ¢).
f. Leptothrix: thread-shaped cells, or chains of cells (Fig. 1,
et
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g. Beggiatoa: long, thick, rigid threads, which deposit grains
of sulphur in their protoplasm.

h. Crenothrix: thread-forming water-fungi, whose threads
(which may be either unicellular or composed of chains of cocei
and rods) are inclosed by a sheath, and increase in diameter
from base to apex.

i. Cladothrix: thread-forming bacteria with false branchings
(pseudo-branchings), (Fig. 1, o).

Some writers question the correctness of classing Beggiatoa,
Crenothrix, and Cladothrix under bacteria.

To the third group (serew-forms) belong :

Jj. Vibriones: rods or threads with a slight undulating eurve
or twist (IFig. 1, &)

k. Spirilla: rigid rods and threads with pronounced serew-
like windings (Fig. 1, ¢, £).

[. Spirochates: flexible threads with narrow, unequal wind-
ings, sometimes as many as sixty in one thread (Fig. 1,{). The
genera Vibrio, Spirillum, Spirochwte, are not separated from
each other by any sharp line of division; an organism which
one would describe as a vibrio might by another be. desig-
nated as a spirillum; what one terms spirillum another calls
spirocheete, ete. Furthermore, micro-organisms belonging to
the second group not unfrequently show a slight curve or twist
in some of their cells, without thereby being entitled to be placed
among the serew-forms,

Threads, whose ends are woun: about each other like a braid
of hair, have been termed Spirulina (Fig. 1,73 1~/

Each of the three fundamental forms (spheres, rods, and
serews) is subject to extensive modifications, according to the
circumstances under which it is eultivated, and it is not always
easy to determine whether the particular orzanism under exam-
ination should be elassed as a eocceus or a bacillus, as a bacillus
or a vibrio, ete. Whether these modifications ean be earried so
far by any condition or conditions of cultivation that a micro-
organism normally occurring in any one of the three funda-
mental forms is transformed into another (for example a coccus
into a bacillus), or that a monomorphous organism lecomes
pleomorph, is a question upon which mueh has been said pro
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and con, but which we cannot discuss here. Suflice it to =ay,
that at present the great mass of evidence points to the conclu-
sion that such transformations cannot be brought about in the
manner indicated. On the other hand, there are many kinds
of bacteria that manifest two or all of the fundamental forms
at the same time. These have been designated as pleomorphons,
in contradistinetion to those which produce only one form
(monomorphous). (See Zopf.)

The following forms are classed by Zopf* and others among
the bacteria; Fliigge speaks of them as being of doubtful rela-
tion to the bacteria, while Cornil andl Babes® make of some of
them a sort of connecting link between the bacteria and infu-
BOTIA ;

3 Monades: large, spherical, oval, or short eylindrical cells,
provided with cilia, often in pairs (Fig. 1, m).

2. Rhabdomonas: large spindle-shaped ciliated cells (Fig. 1, 5).

3. Spiromonas: leaf-like, flat cells, ¢ twisted around an imag-
inary axis in the direction of their length.”

2. ComuraTive Forums oF BACTERIA.

Besides these forms of the single ecells, we recognize various
configurations which result from the accumulation or combi-
nation of sereral cells. These are :

Thread-forms or Chain-forms: i.c. forms produced by a sue-
cession of single cells. To these belong :
a. Streptococei (Chain-cocei): coeci which appear chiefly
in chains, sometimes improperly ealled Torula (Fig. 1, J).
b. Leptothrix: long, articulated threads, composed of single
cells (cocei or rods), (Fig. 1, ).

9. Cluster-forms, i.e. groups, produced by the aggregation of
cells withont definite arrangement, particularly Staphylococei,*
which are mostly found in clusters (Fig. 1, ¢).

3. Surface- or Mass-forms, which are produced by fissation in
two or three directions, such as merismopedia: plate-shaped
colonies, produced by fissation in two directions (Fig. 1, ¢), and

u*a.-mpu?.&. A clus'er of grapes
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sarcina: packet-shaped groups, produced by fissation in three
directions (Fig. 1, f).

4. Zooglwea-forms, produeced by the gelatinization of the mem-
branes of the accumulated cells, in such a way that the latter
become imbedded in a mass of jelly (Palmella- or Zooglaa-con-
dition, Fig. 1, 1, , v). Where the jelly is very thick and carti-
laginous, the term Ascococcus is applied; where only the outer
layers of a Zooglea are gelatinized, the term Clathrocystis.
Threads, or pieces of threads, imbedded in round masses of jelly,
have been named Myconostoe (Fig. 1,4, u).

I’sendo-branching (Cladothrix) may also be regarded as a
cumulative form (Fig. 1, o).

3. RerropucTiOoN 0F DBACTERIA.

The reproduction of bacteria takes place in three difterent
ways: by fissation, in the same manner as seen in the infusoria

Fia 2.
N0/
ZU ,:3 S 4 g -;5@,; J b{,i

ProLiFERATION oF Bacteria By Fissatiox.
a and «, Fissation in one direction: 6, in two: o, in three directions.

¥ tooawg
T/! N

)

SPORE-FORMATION I1Xx RODs axnp
THREADS.
{Afier :I'r.'l'ljlr-,]

ForsMaTioN OF SPORES 1%
BACILLUS BUTYRICUS.

A, Germination of a gpore.
(After Prozmowzki.)

(Fig. 2), by spores (Figs. 3 and 4),
or by the separation of certain
cells from  their original eyelus,
aud their development into new combinations, morphologically



.

o

MORPHOLUGY AND BIOLOGY OF BACTERIA. 9

identical with those from which they sprang. By some these
cells are called cocci, by others spores (arthrospores). '

The spores (Fig. 3) are spherical or ovoidal bodies, with sharp
contours and strongly refractive contents. They are formed
chiefly in media of which the available nourishment for bacteria
has been already, for the most part, consumed. Considered from
a hygienic stand-point they are of great interest, sinece they
offer more resistance to influences of every nature (chemical,
thermal, ete.) thanthe vegetative cells (as the active growing cells
may be designated in contradistinetion to the inactive, resting,
spores). Formation of spores has been observed in various rod-
and some screw-forms, and recently also in the case of a micro-
cocens.  DBacteria with endogenous spore-formation are called
endospore; those without endogenous spore-formation are called
arthrospore.

4. Tue Oricix oF DBACTERIA.

It has long been known that various kinds of bacteria are
found in the atmosphere, water, soil, ete. This fact was first
established by Ehrenberg® (1828), although Leeuwenhoek™ had
observed microscopic organisms in the human mouth as early
as 1675. Regarding their origin, a long and violent dispute
was carried on for many vears between those who claimed
that they were produced spontaneously in solutions of organic
matter (generatio sponfanea, sive @quivoca, abiogenesis), and those
who Dbelieved that they could originare only from pre-existing
germs. The exact methods of sterilization practiced in the last
ten years have alone made it possible to establish the fact beyond
all .question, that the proposition “omnis cellula e cellule” is
quite as applicable to these low forms of life as to the higher
animal organism. The appearance of bacteria in solutions sup-
posed to have been sterilized, simply proves that the latter were
cither nof thoroughly sterilized in the beginning, or that they
were afterwards infected from without.

The question whether the number of species of bacteria re-
mains constant, or whether, in the course of centuries, through
the propagation of varieties in the Darwinian sense, new species



10 THE MICRO-ORGANISMS OF THE HUMAN MGOUTH.

arise, has not been finally decided. The tendeney seems to be
to accept the latter view, although positive evidence for the
origin of new species has not yet been adduced.

5. Lire-CoNDITIONS OF DACTERIA.

I designate as life-conditions of bacteria those circumstances
relative to food, air, temperature, ete., which are indispensable
to their development.

Nencki's® analysis gives for bacteria the following chemieal
composition: water 84.81 per cent., albumen 13.03 per cent.,
fat 1.20 per cent., ashes 0.64 per cent., undetermined residue
0.22 per cent,

According to this analysis a nutrient solution for bacteria
should be composed of albumen, carbohydrates, and small
quantities of salts; a conclusion which has been completely
confirmed by experience, which has taught that such solutions
invariably form the best culture media.

The juices and accumulationsin the human mouth at all times
present such a medium.  Acrtificially it may be prepared in dif-
ferent ways, perhaps most easily by means of the following mix-
ture : water 100.0, peptone 2.0, sugar 1.0, beet extract 1.5.

The solid eulture media introduced by Koch, which are pre-
pared by the addition of gelatine or agar-agar, are similarly com-
posed.

The composition awd concentration of the eulture medivim are of
the greatest importance. The organic substances, albumen, pep-
tone, sugar, ete., are without question the most suitable eculture
media, although formerly mineral solutions were extensively
used, One of these, recommended by Niigeli, has the following
composition: water 100 c.cm., tartrate of ammonia 1.0, phos-
phate of potassium 0.1, sulphate of magnesium 0.02, chloride of
ealeium 0.01. Such mineral solutions are, however, as a rule,
by no means so well adapted to culture experiments as the media
nowin use.

For each species of bacteria there seems to be a certain con-
centration of the culture medium best suited to its growth,
although it has not as yet been possible to establish definite laws
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governing this principle, or to say just what degree of concen.
tration is best adapted to each. 8o much, however, is certain,
that whereas no degree of dilution protects culture media against
bacteria, a too large proportion of eolid matter or a too small
proportion of water impedes, or entirely prevents, their develop-
ment.

The chief condition for the formation of spores appears to be
an at least partial exhanstion of the available nourishment in
the solution, while a certain influence is also exerted by its tem-
perature and composition. The first condition is presented in
most perfeet form by the necrotie tooth-pulp, a fact which, on
account of its great importance, will be referred to at more
length in a later chapter.

6. INFLUENCE oF Variovs CoNDITIONS o¥ THE GROWTH oF
BacTeRIA.

a. Aetion of Temperature,

Temperature naturally exerts an unlimited influence upon the
vegetation of bacteria. That temperature which permits the
most rapid inercase (designated as the optimum) varies consid-
erably for the different kinds, for the most, however, ranging
between 25° and 40° C. Above 40° the development rapidly
diminishes, and ceases almost or entircly at 41°; below 52,
on the other hand, prolitferation takes place very slowly, if at all.
Many baecteria will not grow at a temperature below 20°; soma
even not under 30° C.

The temperature most favorable for the majority of bacteria,
particularly for the pathogenic varieties, is 37° or 38° C. In this
respect, again, the oral cavity presents an excellent culture me-
dium,

b. Action of Oxygen.

The access of atmospheric air exerts special influence upon
the vegetation of bacteria. In accordance with this fact, we
distinguish three groups of bacteria. For the development of
the first, oxygen is absolutely necessary ; theyare called aérobie.
Bacteria of the second group thrive better without oxygen, or
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even absolutely demand the exclusion of air for their develop-
ment; they are called anaérobic. The third group of bacteria
flourizh either with or without oxygen, at least for a certain
length of time; Hueppe characterizes them as facultatively an-
aérobic. Most bacteria appear to belong to the first group, but
comparatively few purely anaérobie baeteria being at present
known.

The capability of certain bacteria to proliferate and to mani-
fest their specific action without access of air, may explain the
progress of tooth caries under air-tight fillings, in cases where
the softened dentine was net thoronghly removed before insert-
ing the filling.

e. Action rff Acids and Alkalies.

Acids and alkalies, especially the former, even in very dilute
solutions, retard the development of bacteria. Some species,
however, show important deviations from this rule; thus, for
example, the acetic acid bacterium grows best in an excess of one
to two per cent. of acetie acid, while Micrococens uree will
bear a high degree of alkalinity. A baecterinm which I Lave
examined produces in solations of carbohydrates 0.75 per
cent. of lactie acid, but perishes in this solution in a few days,
through the action of its own produect. With comparatively
few exceptions, a neutral medium is best adapted to the develop-
ment of bacteria.

d. Aetion of Light, Llectricity, and Pressure,

Light, electricity, and pressure have very little or no influence
upon the development of bacteria, nor upon their speecific vital
manifestations. (See Cohn and Mendelsohn.”) The assertion
that combined fillings of tin and gold, or of amalgam and gold,
etc., prevent the development of bacteria by means of the elee-
tricity which they produce, is utterly without scientific founda-
tion: :

That even weak electric currents sometimes appear to have a
slight retarding action upon the development of bacteria, may
be easily demonstrated by the following simple exneriment :
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A tube of culture gelatine is richly infected with a bacte-
rinm which grows rapidly at room temperature without liquefy-
ing the gelatine; it is then poured upon a glass plate in the cus-
tomary manner. While the gelatine is still liquid, place upon
the plate a metallic strip, one end of which is composed of tin,
the other of gold.

On the border of the tin, a retardation in the development of
the bacteria will be observed ; the gelatine remains clear (Fig. ).
In a few days the tin (electro-positive pole) will appear sur-
rounded by a white zone 10 to 30 mm. in diameter; the reaction

Fia. 5

APPFARENT PREVENTION OF THE GROWTH 0F BACTERIA BY
ELgoTRIC ACTios.

e, Golid : &, Tin, on a plate of colinre gelatine. In the parts indicated
by the white color no developmont of bacteria ocours, Heaction aronnd
the tin strongly acid ; around the gold alkaline.

in this zone will be found to be strongly acid. The retardation
in the development is to be ascribed not to the eleetricity, but to
the acid.

On the border of the gold the reaction will be found to be
alkaline. The development of the bacteria is here also retarded,
but much less than on the margin of the tin (the electro-positive
pole).

7. ANTAGONISM AMONG THE DBACTERIA.

The principle of the struggle for existence and of natural
selection plays an important, thongh not fully understood, part
in the life of bacteria. If we bring a number of different kinds
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of bacteria into a common culture medium, it will b2 found that
they do not all develop with equal rapidity; one kind will
always attain the supremacy. If we infect a second nutrient
medium with this eulture and continue the operation through a
series of generations, we may find that at last only one kind
remains, the others having been erowded out. It depends upon
the composition of the solution, the temperature, and various
other conditions, as to which species will gain the victory. It
may also happen that at first one kind prevails, and that later,
through a change in the character of the medium, another kind
gains the upper hand; or again, in one part of the medium—
for example, on the surface—one kind may prevail, in another
part another. In the human mouth this struggle for existence
seems to play an important part ; otherwise we should invariably
expeet to find a much larger number of different kinds of bae-
teria than are actnally present. The attempt to make use of
this principle in therapeutics, by bringing large numbers of
harmless bacteria into the human body in order to drive out
others of a pathogenic nature (Cantani), has hitherto not been
accompanied by the results which we had been led to hope for.

8. SeLr-DestrucTION OF IDACTERIA.

The growth and ferment activity of bacteria are always more
or less influenced by their own waste produets.  Lactic acid fer-
mentation not only ceases when the acidity of the solution has
reached 0.75 to 0.80 per cent., but the bacteria themselves are
often destroyed by the action of the acid which they have pro-
duced. The vital action of yeast cells is also hemmed by the
alcohol which accumulates in the solution, and for the same
reason the ammoniac fermentation of urine ceases when the
amount of ammonium carbonate produced amounts to 13 per
cent. (Fliigge).

Some products of putrefaction appear to exert a similar action
upon the life of bacteria. Up to the present, however, it has
not been possible to determine with certainty to which of the
many products of putrefaction this action is to he aseribed.
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VITAL MANIFESTATIONS OF EACTERIA.

As vital manifestations of bacteria, are to be considered ull
those phenomena which are excited by their presence in the sub-
strata which they inhabit. It is immaterial whether the latter
consist of dead substances, or of living animal or vegetable organ-
isms.

I. Actiox oF BacTEria vrox THE LIviNg VEGETABLE
or Aximan Dopy.

It is a belief of very old date, which found expression in the
writings of Varro as early as the first century p.c., that diseases
of an epidemic character are produced by some invisible living
element, a contagivm vicwm, contagivm animatum ; not, however,
until the first quarter of the present century, was this belief
placed on a scientifiz basis by the celebrated physician and nat-
uralist, ITufeland. In the year 1835 it received a strong actual
support by the discovery of Dassi that a fatal disease of the silk-
worm (muscardine), was produced by a mould-funzus (Botrytis
Bassiana). A few years later de Bary, Kiihn and others, estab-
lished the parasitic nature of a number of diseases in grain, and
in the years 1851 to 1857, Rayer, Brauell, and Pollender fol-
lowed with the discovery of the anthrax Dbacillus. From this
time on, the attention of physicians and naturalists has been con-
stantly directed more and more to these low forms of life as the
exciting causes of disease. Micro-organisms were found to be
present in various disorders, and finally, within the last few years,
since the introduction of Koch’s well-known culture methods,
the parasitic nature of a large number of diseases has been in-
dubitably established.

I will here name only anthrax, relapsing fever, abdominal
typhus, lepra, gonorrheea, tuberculosis, lupus, cholera, pneumo-
nia, syphilis, malaria, glanders, erysipelas, diphtheria, puerperal
fever, and suppurative processes.

We distingnish bacteria according to their action upon living
bodies, as (1) pathogenic and (2) non-pathogenic. I’athogenie
are all miero-organisms which, when bronght into contact with
any part of a living organism under favoravle conditions, multi-
ply and give rise to cither local or general disturbances.
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No sharp line of distinction can, however, be drawn between
pathogenic and non-pathogenic bacteria, for every bacterium
brought into the animal organism in sufficiently large masses will
be able to maintain itself for a certain length of time and to
execite more or less inflammatory reaction.

Pathogenic in a high degree are those bacteria which, like the
anthrax bacillus, produce dangerous disturbances, even though
singly inoculated into the organism; very slightly pathogenic
are those which can cause disturbances only when introduced
in large quantities, Nom-pathogenie are those, which, brought
into the organism in large numbers, soon disappear without
having produced any apparent disturbance.

Pathogenic bacteria exert very different and diverse influences
upon different species of animals.  An amimal of one species
may manifest symptoms of disorder soon after inoculation,
while members of another species may remain altogether unaf-
fected by it. Even different varicties of one and the same species
do not always manifest the same degree of susceptibility when
inoculated with the same bacterium ; e.q. house mice inoculated
with the bacillus of mouse septicemia in a skin pocket suc-
cumb within forty to sixty hours, whereas ficld mice suffer no
inconvenience from the inoculation. Koch™ explains this phe-
nomenon by the difference of the blood of these two nearly
related varieties.

A species or variety is consequently said to be either suscep-
tible (disposed) or unsusceptible (immune, refractory). With
every animal the degree of susceptibility varies at different times,
according to the condition of the body at the time being (tempo-
rary susceptibility). Furthermore, since in all epidemics the dis-
ease does not rage everywhere with equal severity, but attainsits
greatest intensity at certain cireumseribed points or localities, it is
customary to speak also of a local disposition or susceptibility.

Bacteria are further divided into parasitic : such as live in o1
upon living organisms, and saproplytic : such as are confined to
dead substances, Most parasitic bacteria, however, are also
able to live upon dead matter, and may consequently be culti-
vated in artificial media, while on the other hand pure sapro-
phytes occasionally take on the habitus of parasites.
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Such parasites as thrive only in or upon living organisms are
classed by de Bary as strictly obligatory parasites. To this class
several species occurring in the oral eavity seem to belong.  Sap-
rophytes which find their conditions of existence fulfilled only
in dead substances, are called obligatory saprophytes. Parasites
which occur in the interior of an organism are called endophytic ;
those which vegetate only on the surface, epiphytic.  Baecteria
which on being introduced into the human or animal organisin
lead to formation of pus, are designated as pyogenic.

Very careful investigations made by Klemperer," Biondi,*
Zuckermann,” and many others, have led to the conelusion that
* chemical irritants, when free from micro-organisms, cannot
produce suppuration.” Kreibohmn and Rosenbach," Grawitz and
de Bary ¥ obtained other resnlts. According to them, certain
chemical substances, as oil of turpentine, ammonia, nitrate of
silver, etc., may under favorable conditions call forth suppura-
tion. Scheuerlen ' was also able to cause suppuration by the
action of an alkaloid of putrefaction (cadaverine), without the
agency of micro-organisms. Nathan ' repeated the experiments
of Grawitz and de Bary, and also found that suppuration took
place after injections of oil of turpentine, ammonia, and nitrate
of silver; in all cases, however, he was able by means of the
culture method to establish the presence of miero-organisms.
Nevertheless Grawitz,"” in a subsequent communication, main-
tains the correctness of his previous conclusions.

It has been suggested that these conflicting results may be ex-
plained by the fact that different investigators have made use of
different animals in their experiments. While the advocates of
the theory : no suppuration without micro-organisms, have used
chiefly rabbits, guinea-pigs and rats, Kreibohm and others em-
ployed dogs,

As the matter stands at present, the burden of proof seems to
be in favor of the view that, in case of dogs at least, certain sub-
stances may, under specified conditions, produce suppuration

“without the agency of micro-organisims.

2
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[1. Acriox vreon LireLess MATTER.

Bacteria are furthermore designated, with reference to their
action upon the substratum, as:

1. Zymogenie, or fermentation bacteria.

2. Chromogenie, or color-forming bacteria.

3. Aérogenic, or gas-forming bacteria.

4. Saprogenic, or putrefaction bacteria.

1. Fermentation Bacteria.

Ferment bacteria are such as bring about those changes in
the substratum which have been designated as fermentation.
According to Hoppe-8eyler,” these changes are intense decom-
positions of complicated organic compounds, through which sub-
stances arise * which have together less heat of eombustion
than those bodies out of which they were formed.” DBy others,
fermentation is deseribed as a process of decomposition, which
i= inangurated and continued by a substance called a ferment,
without the ferment itself suffering any change; this kind of
action is frequently designated as catalysis, zaraivar (zavaiiw)
dizsolution.  During the process of fermentation the medinm
gradually loses its nutritive power; it becomes used up. The
substances which are thereby produced are very numerous, and
of very different character. Many of them, the ptomaines, have
exceedingly poizonous propertiez. It is highly probable that all
bacteria, pathogenic as well as non-pathogenie, when brought
into a suitable substratum, possess the property of producing
changes which must be designated as fermentation. The fermen-
tation of nitrogenous, and more particularly of albuminous
substances, which is accompanied by the development of large
quantities of gaseous and stinking products, is called putrefactive
fermentation, or simply putrefaction, and the bacteria causing
this kind of fermentation are putrefactive or saprogenic bacteria.

Many years ago 1 called attention to the fact that the course of
the fermentation frequently depends more upon the substratum
than upon the micro-organism. DBaeteria which grow upon white
of egg, producing an intensely oftensive smell and a strong alka-
line reaction, when brought into carbohydrates exhibit entirely

St s =
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different phenomena, viz. acid reaction and total absence of bad
smell,

We cannot therefore draw a sharp line between putrefactive
and fermentative bacteria. According to my observation there
are but a limited number of bacteria which will, under all circum-
stances, produce putrefaction. These might be called obligatory
saprogenic bacteria, in contradistinction to those which produce
putrefaction only under certain specified conditions ; these latter
might be called facultatively saprogenie,

Bacteria produce a series of well-characterized fermentations,
whose nature has, however, in many points not yet been fully
explained. These fermentations are, according to Fliigge's classi-
fication :*

A. Fermentation of carbohiyvdrates.

B. Fermentation of the polyvalent aleohols,

C. Fermentation of fatty acids,

D. Putrefaction.

E. Oxidation of alcohol to acetic acid. To these we add:

F. Ammoniacal fermentation.

G. Diverse processes of oxidation and reduetion first observed
in the soil, but probably going on under various other conditions.

A. Fermentation of Carbohydrates,

Carbohydrates, when acted npon by different bacteria, undergo
a series of fermentations which may be considered under the
following heads :

a. Laetie acid fermentation.

6. Mannite, or mucous fermentation.

¢. Dextrane fermentation.

. Butyrie acid fermentation.

e. Diverse fermentations which cannot be classed under the
above heads.

Among the carbohydrates, the sugars in particular are ferment-
able in a high degree; other carbohydrates, however, as dextrine,
starch, cellulose, ®te., may also undergo fermentation under the
action of certain micro-organisms. Tappeiner (Fliigge®) observed
a fermentative decomposition of cellulose in the alimentary canal



20 THE MICRO.ORGANISMS OF THE HUMAN MOUTH.

of ruminants ; also two kinds of cellulose fermentation in artificial
mixtures. The former took place in nentral 1 per cent. beef extract
solutions, in which purified cotton or paper pulp was suspended,
carbonie acid, marsh gas, and small quantities of sulphuretted hy-
drogen, aldehyde, isobutyrie acid, and acetie acid being formed ;
the latter in alkaline beef-extract solutions, earbonic acid and
hydrogen being formed, with the same by-produets as before.
Nothing at all is known concerning the occurrence of such fer-
mentations in the human mouth. They might possibly come
into consideration in the decomposition of cotton used in the
treatment of teeth.

a. Laclic Aecid Fermentation.

Lactie acid fermentation of carbohydrates takes place sponta-
neously in milk, in the juice of the sugar-beet, in the accumu-
lations in the oral cavity, ete., and may be artificially induced by
a large number of different bacteria in saccharine solutions, It
proceeds most rapidly at a temperature of from 30°-38° C. The
course of the fermentation varies greatly, according to the bae-
terinm by which it is produced. Sometimes there seems to be a
perfectly even decomposition of the molecules of sugar into two
molecules of lactic acid, aceording to the equation C;H,,0O, (grape
sugar)=2C,H,0, (lactic acid), no appreciable quantity of ecar-
bonic acid or hydrogen being formed. At other times the fer-
mentation is of a more violent nature, large guantities of earbonic
acid and hydrogen being formed, with other by-products, as
acetie, formie, succinie, and possibly butyrie acid,

It is usunally assumed that lactie acid fermentation must always
be accompanied by a development of carbonie acid. I was, how-
ever, struck by the fact that in certain cultures an evolution of
gas always failed to take place. In order to arrive at a positive
conclusion in regard to this point, I undertook an experiment
in a large glass vessel containing a liter of beef-extract-sugar-
solution, which I inoculated with a small piece of ecarious den-
tine. Then a rubber cork, carrving a bent glass rod, was coated
with sealing-wax and pressed into the heated opening of the
glass vessel, thus hermetically sealing it. The vessel, being
placed in the incubator, exhibited after a few hours a rapid de-

A S—
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velopment of bacteria and an acid reaction. No bubbles of gas
were seen to be ascending through the solution, or to have
accumulated upon its surface, as iz frequently the case in such
eultures. Hereupon the end of the escape-tube was made to
dip into lime-water, in which the smallest quantity of CO, escap-
ing from the flask would be readily detected by the cloudiness
occasioned by the formation of the earbonate of lime, but after
twelve hours no cloudiness had appeared. T then heated the
flask, in order to drive out any carbonic acid possibly formed ;
the lime-water, however, still remained clear. I repeated this
experiment with an apparatus for collecting the gas over mer-
cury. In a culture in which 1.75 grams of lactie acid were pro-
duced, only one little bubble of gas was collected, which might
as well have been caused by an imperceptible rise in the temper-
ature of the incubator as by actual gas formation.

From these experiments I can draw no other conclusion than
that the fermentation produced by the micro-organisms in ques-
tion is not accompanied by development of carbonie acid. This
process, writes Fliigge (Lit. 2, p. 483), which wholly fails to evolve
gases, does not meet the requirements of the ordinary definition
of fermentation, and ean consequently not be considered as such.

The fermentation ceased in all cases which I have thus far
examined, when the substratum showed 0.75 per cent. of acid.
In the mouth, however, the fermentation can proceed without
interruption, since the acid formed is either washed away or
combines with the lime of the tecth and tartar.

As early as 1857, Pasteur® showed that the transformation of
sugar into lactic acid depended upon the presence of a species
of micro-organism.

The name of Bacillus acidi lactici (lactic acid bacterium) has
been given to a bacillus, first cultivated by Hueppe.® from sour
milk. Although very many different bacteria are known which
possess the power of converting carbohydrates into lactic acid,
it is thought that Hueppe's bacterium should be designated as
the lactic acid bacterium, since it is “ by far the most frequent
cause of spontaneons lactic acid fermentation.”

This bacillus forms short, plump rods, from 1-1.7x long and
0.83-0.4p thick; it is immotile, forms spores. Below 10° C.
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-and-above 45.5° C. all development ccases, the optimum lying
between 35° and 42° C. It possesses inverting action, and trans-
forms not only dextrose, but also cane-sugar, milk-sugar, and
mannite into lactic acid. Its ferment-action is regularly accom-
panied by the development of carbonic acid.

It iz not improbable that this bacillus plays an essential part
in fermentations of the human mouth. The frequency of its
occurrence in the oral cavity has, however, not vet heen deter-
mined, although I have several times cultivated a micro-organism
from the mouth which, in point of morphology and physiology,
seems to be identical with Hueppe’s bacterium.,

b, Mannite Fermentation.

Mannite fermentation (mucous or gum fermentation) is caused
by an exceedingly small coccus (Micrococens viscosus) which
grows in chains in various saccharine beverages, in wine, beer,
ete., and in saccharine juices. In consequence of the fermenta-
tion these liquids beecome slimy, viscous (stringy).

The products of fermentation are a kind of gum (viscose),
closely resembling dextrine, also mannite and carbonic acid. The
optimum of temperature is 30° C. DBlack® observed a similar
fermentation, caused by the action of various mouth-bacteria
(micrococei) in saccharine solutions. One coceus, oceurring in
chains, cultivated in peptone bouillon with 2 per cent. of sugar,
¢« gelatinized” the fluid so entirely in twenty-four hours that it
did not run out when the tube was inverted. The optimum of
temperature was above 100° F. The produets of fermentation
were not examined. This fermentation, which is most probably
a kind of gum fermentation, explains, according to Black, the
mucous coating on the teeth and tongue in case of sordes in fever.

c. Dextrane Fermentation,

Dextrane fermentation oceurs spontaneously under the action
of a micrococeus, Leuconostoe mesenterioides, in the juice of the
beet and in the molasses of sugar factoriés, and can also be in-
duced artificially in saccharine solutions. The masses of bacteria
(zooglaea) form a jelly of cartilaginous consistency, which com-
pletely fills the vessels containing the molasses. The products
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of fermentation are a jelly-like substance, dextrane and carbonic
acid. The optimum of temperature lies between 25°-55° C. As
cane-sugar is easily inverted, it serves the purpose of fermentation
as well as grape-sugar.

d. Butyric Acid Fermentation.

Few trustworthy observations have been made in regard to
the butyric acid fermentation of carbohydrates. The experi-
ments of Fitz, and more recently those of Fliigge, have made it
appear probable that several species of bacteria are able to cause
a fermentation of carbohydrates, in which butyric acid results as
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BACILLUS RUTYRICUS.

a, &, Tadpole- and Spindle-shapes, partly with spores ; e, Zoogleea condition.
A, Germination of a spore. (After Prazmowszki.)

the principal product. These seem to be, for the most part, an-
aérobie, which makes it difficult to obtain them in pure culture.
Butyrie acid, as well as lactic acid fermentation, was formerly
supposed to be due to the action of a single organism. This bac-
terium of butyric acid fermentation (Bacillus butyricus, Clostrid-
ium butyricum, Vibrion butyrique, ete.), whose morphology,
development, ete., have been thoroughly investigated by Praz-
mowski,” appears in form of rods from 2-12x long and about 1.0
broad, either single or in long chains, or in zooglwa (Fig. 6);
frequently the rods grow out into long threads. During spore-
formation the cells exhibit peculiar changes of form: spindle,
ellipsoidal, or tadpole shapes appear, which in certain parts
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attain to a diameter of 2.6p. (Fig. 6, a,6.) The plasma of the
cells is thereby condensed and becomes highly refractive; the
membrane also appears considerably thickened. This change
of form is soon followed by the formation of the spores. The
Bacillus butyricus is typically anaiérobic; access of air impedes
or entirely prevents its development and fermentative action.

In solutions of carbohydrates (starch, sugar, dextrine), and of
lactates, this micro-organism produces butyrie acid under evolu-
tion of carbonic acid and hydrogen. The fermentation is most
intense when air is excluded ; optimum temperature, 35° to 40° C.

The butyric acid fungus shows a peculiar reaction in regard to
iodine, which is also incidental to several other bacteria, * Under
certain conditions it gives rise to a compound which is colored
blue to dark violet by iodine, and which consequently is to be
regarded as an analogon of starch.” This reaction occurs when
the micro-organism is cultivated in solutions of starch, cellulose,
glycerine, and lactate of lime, rarely when solations containing
dextrine and sugar are made use of. The young rods are colored
blue, the older ones dark violet ; some only in scattered transverse
zones, others in continuo. The reaction depends also upon the
intensity of the fermentation.

The conditions obtaining in some parts of the human mouth
are not adverse to the development of the butyric acid bacterium ;
hitherto, however, no proof has been adduced for the statement,
regularly found in hand-books of dentistry, that butyric acid is
formed in the oral cavity. In the first place, no micro-organism
has as yet been discovered in the mouth which gives rise to this
fermentation, nor has any trace of butyric acid ever been detected
in it. In regard to this point, however, experiments of a suffi-
ciently exhaustive nature are still wanting.

That butyric acid may be formed in the oral cavity as a
hi-product in lactie acid fermentation, is at least highly probable.
The fermentation of a large quantity of saliva and starch yielded
about 2.0 c.em. of lactic acid, and a few drops of a liguid faintly
smelling of butyrie acid, but the quantity was too small to allow
of a more aceurate determination.
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¢. Diverse Fermentations,

Brieger® examined a number of bacteria, especially patho-
genie, in regard to their products of decomposition. A coceus
which occurs in the human fieces always splits 3 per cent. cane-
or grape-sugar solutions in the same manner, producing ethyl-
alcohol within the short space of twenty-four hours. Traces of
acetic acid are also appreciable. A pathogenic bacillus, also found
in the fieces, forms in grape-sugar solutions propionie acid, accom-
panied by minute quantities of acetic acid. The coccus of pneu-
monia decomposes cane- and grape-sugar solutions into acetic
acid, and very minute quantities of formie acid, under evolution
of large quantities of carbonic acid. (The solutions had been
saturated with freshly precipitated carbonate of lime.)

Typhus bacilli split grape-sugar solutions, or starch, into
acetic and lactic acids, and ethyl aleohol. Staphylococeus pyo-
genes aurens, when cultivated in bouillon containing glycogen
(3:100) and a quantity of freshly precipitated carbonate of lime,
forms very small quantities of organic acids (principally oxalic
acid).

Fitz¥ has also observed several carbohydrate fermentations;
among others, one in which ethyl aleohol appeared as chief pro-
duet. As products of milk-sugar fermentation, he found ethyl
alcohol and other substances not further determined. Cane-
sugar yielded butyl aleohol, butyrie acid, and traces of lactic and
succinic acids. Starch yielded butyrie and acetie acid: inuline,
which fermented as easily as starch, gave aleohol and volatile
acids,

Boutroux® found gluconic acid as a produet of the fermenta-
tion of milk-sugar.

B. Fermentation of Polyvalent Alcolols,

In his communications eoncerning * schizomyeetes fermenta-
tions,” Fitz has described a number of different fermentations of
polyvalent aleohols: glycerine, erythrite, mannite, duleite, and
quercite. Glycerine yielded normal butyl aleohol, with profuse
generation of carbonie acid and hydrogen, normal butyric acid,
and traces of a higher fatty acid (probably capronic).
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A second experiment showed as chief’ product eapronie acid,
and as by-produets butvrie and lactie acids. In other cases of
glyveerine fermentation Fitz discovered traces of acetic acid, with
butyl aleohol as principal product. The Bacillus butyricus fer-
mented glycerine, so that butyrie acid, as well as acetie, capronie,
and lactic acids, were formed.  Different experiments with ery-
thrite vielded aleohol, butyrie, acetic, also traces of formic and
succinic acids. Mannite yielded butyl and ethyl aleohol, butyrie
and suceinic acids, with a variable quantity of eapronie, acetie,
lactic, and formic acids. Dulecite gave many volatile and some
non-volatile acids ; quereite gave normal butyrie acid, ete.

Fitz probably employed impure cultures in all his experi-
ments, which would explain the large number of products of
fermentation. It is not to be supposed that these fermentations
play an important part in the mouth, as the necessary nutrients
are not present in sufficient quantities, or in part are altogether
wanting.

C. Fermentation v:,FF _F:rffﬁ! Eri"f_&f _-lr'?:ﬂll.-?,J and O.}"Lilifﬂf“i'rtf&

Fats exposed to the air soon become raneid, as is well known,
and give oft' a more or less strongly marked odor of fatty acids,
This change is due to a decomposition of the fats into glyeerine
and fatty acid, under the action of miecro-organisms,

The following fatty and oxyacids and their salts are also fer-
mentable : formic and acetie acids, lactie acid (oxypropionic acid),
glycerinie acid, malic (oxysunceinie) acid, tartarie (dioxysuecinie
acid, citrie (oxytricarballylic) acid.

Formate of lime yields CaCO,, CO,, and H;

Acetate of lime yields CaCO,, CO,, and CH,.

According to Fitz, lactate of lime undergoes four different
fermentations. In the first are formed propionic aecid, and as
by-products, acetic and succinie acids and aleohol ; in the second,
propionic and, valeric acids; in the third, butyric and propionie
acids; in the fourth, butyric acid, with ethyl and butylic aleohol
as by-products,

Glycerate of lime produces tartrate of lime, with succinie acid
and ethyl aleohol as by-products; according to Fitz, also acetic
acid and traces of formie and suceinic acids.
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Malate of lime alzo undergoes several kinds of fermentation,
forming propionie, butyric, acetic, and laectie acids,

Tartrate of lime yields propionic or butyric acid, and, accord-
ing to Fitz, aleohol, acetic, and traces of suecinic acids,

Finally, citrate of lime yields acetic acid, with ethyl alcohol
and succinic acid as by-produets. (Sce Fliigge, Micro-organisms,
p- 489.) '

In accordance with the various fermentative processes specified
in the foregoing pages, a particle of starch introduced into the oral
cavity would undergo about the following suceessive changes: In
the first place it is, in part at least, transformed into grape-sugar
by the diastase of the saliva (ptyaline). This, in turn, is split into
lactic acid through the action of various bacteria in the mouth,
The lactic acid unites with the lime of the teeth, or tartar, form-
ing lactate of lime. The latter, according to the investigations
of Fitz and others just referred to, may then undergo varioua
fermentations, giving rise to new acid products and to the for-
mation of the corresponding lime-salts, from which, by still other
processes of fermentation, acids are again derived. The process,
however, most probably ceases after the formation of lactate of
lime.

D. Putrefaction.

When the decomposition of a eulture medium is accompanied
by the development of stinking, for the most part gaseous pro-
ducts, ammonia, sulphuretted hydrogen (NH,, SII,), etc., the
process is commonly designated as putrefaction. Albuminous
substances are especially liable to putrefaction; also the albu-
minoids (glue-giving substances), peptones, and lastly, some sub-
stances related to the albuminous bodies,—leucine, tyrosine,
indol, ete.

Itis evident, however, that this definition by no means involves
a precise chemical or bacterio-chemical process, and that the
presence or absence of stinking gases cannot be made an absolute
eriterion by which to judge of the real nature of the changes
going on in a medium containing bacteria.

The appearance of putrefactive products in any fermentation
does not depend alone upon the kind of fermentation and the
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kind of bacterium, but more especially upon simultaneously
occurring processes which have little or nothing whatever to do
with the decomposition of the decaying substance. If, for instance,
a tooth-pulp decomposes in a closed root-canal, an incredible
amount of bad-smelling gas may be formed, so that on opening
the pulp-chamber the whole room will be impregnated with the
odor.  But if a tooth-pulp iz allowed to decompose in the open
air, hardly any disagreeable smell will be noticed, although the
decomposition of the nutrient medinm caused by the fungi may
be identical in both ecases. In the latter case, under free aceess
of air, those products of putrefaction which are accountable for
the offensive odor are further decomposed (oxidized) by the
oxygen of the air, which is activated by the hydrogen liberated
during the process of decomposition; they consequently do not
manifest their presence at all. Where, however, the access of
air 1s limited, or the air altogether excluded, the oxidation of
these products cannot take place and they escape unchanged
from the =olution. The products of fermentation remain the
same 1n both ecases, but their subsequent fate is different.

A solution of white of egg, infected with saliva and kept at
blood temperature, soon gives rise to a stinking smell and an
alkaline reaction (NH, and SI1,). But upon addition of about
2 per cent. of cane-sugar to a similarly infected solution, no bad
smell will be detected ; free NH, and SH, are not evolved ; the
reaction is acid. Nevertheless, we have no reason to doubt that
the white of egg undergoes the same decomposition in both cases.

The products arising from the decomposition of these albu-
minous substanees are very numerous. According to Fliigge®
they are: carbonic acid, hydrogen, free nitrogen, sulphuretted
hydrogen, phosphuretted hydrogen, marsh gas, formie, acetie,
butyrie, valerie, palmitic, aerylie, crotonie, glycolie, lactie, and
-alerolactanic acids; oxalie and succinie acids, lencine, glyeoeoll,
slutaminie, asparaginie, and amidostearinic acids; ammonia,
carbonate of ammonia, sulphide of ammonia; numerous amine
bases, propylamine, trimethylamine, ete.: indol, secatol, scatol-
earbonic aeid ; tyvrosine and its derivatives of the aromatic series,
and lastly the ptomaines,

The large number of acids included in this list does not by
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any means justify the assamption that a putrefving mixture must
have an acid reaction: this is not the case, for the simultaneously
formed basic products are more than sufficient to neutralize the
acids, so that the resulting reaction is alkaline. We must further
consider that by no means are all of the substances named gen-
erated in every process of putrefaction. The number of ascer-
tained putrefactive products of the individual bacteria seldom
exceeds six, they being generally stinking gases (H.S, ete.),
ammonia, peptone, trimethylamine, and fatty acids; reaction
alkaline.

Plomaines.,

This name has been given to certain nitrogenous waste pro-
duets of bacteria, closely resembling vegetable alkaloids, which are
formed in putrefying mixtures, As they were found repeatedly,
and at first chiefly in decaying corpses, Selmi called them pto-
maines (Tra@pa, corpse). According to Brieger, the principal
authority on this subject, and upon whose exposition my remarks
are based, Panum was the first to isolate a chemical putrid poi-
gon, a ptomaine. The alkaloid of Panum had an action upon the
animal body similar to that of snake-poison and curare. Then
Schmiedeberg and Bergmann obtained from putrefying yeast a
very minute quantity of a substance acting toxically on frogs
and dogs, which they called * sepsine.” Zuelzer and Sonnen-
schein isolated a substance from macerated corpses which acted
like atropine, and Rirsch and Fasbender one showing properties
similar to digitaline,

Furthermore, there were gained from corpses an oil having the
odor of propylamine, a substance resembling coniin, ** septicine,”
an amorphous base similar to nicotine, and aqueous extracts
with action like that of curare. Selmi obtained non-crystalline
products, which, in regard to their reaction and toxic properties,
might have been mistaken for morphine, coniine, atropine, or
delphinine. A strychnine-like base was also found in putrid
maize, and von Nencki® obtained in ehemically pure condition
a ptomaine isomeric with collidine.

In 1883, Brieger™ began his experiments with the basic pro-
ducts of putrefaction, which soon proved very successful. From
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putrefied meat, fish, glue, and yeast, from old cheese and digest-
ing fibrine, and from pure cultures of pathogenic bacteria, he
isolated a large number of ptomaines, some of which were found
to be non-poizonous, others poisonous in the highest degree. Of
the poisonous ptomaines, the following are deserving of particu-
lar mention :

1. Peptotoxine, gained from fibrin, casein, brain-matter, liver,
and muscular tissue.

2. Neurine, from putrefied meat.

3. A base similar to ethylenediamine, from putrefied fish.

4. Musecarine, from the same source.

5. Mydaleine, and another not distinetly defined ptomaine,
from putrefying parts of corpses.

6. A ptomaine having toxical effects on guinea-pigs, found in
cultures of typhus bacilli on meat-pap, which did not present
any of the characteristic symptoms of putrefaction ; also another
poison ealled typhotoxicon.

7. Tetanin, from cultures containing principally tetanus bacilli.
This base, which is formed along with profuse quantities of am-
monia, produced the same symptoms in mice, frogs, and guinea-
pigs, which accompany tetanus in man.

The following ptomaines were designated as non-poisonous:

1. Neuridine, in putrefying cheese, meat, and glue,

2. Gadinine, in putrefying fish.

3-6. Cadaverine, putrescine, saprine, choline, in putrefying
parts of corpses.

Brieger furthermore isolated a non-poisonous base from cul-
tures of Staphylocoecus pyogenes aurens on meat-pap. Pure
eultures of Streptococeus pyogenes yielded, besides the normal
components of meat (xanthine, ete.), especially large quantities
of trimethylamine.

Vaughan ® isolated a poisonous alkaloid, which he called tyro-
toxicon, from a cheese which had occasioned extensive poisoning,
as well as from the milk and cream used in the preparation of
vanilla ice-cream, which had also proved poisonous.

The question now arises whether the products which may
possibly be formed in an unclean mouth can exert any deleter-
ious influence on the mucons membrane of the oral cavity, or
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upon the general state of health, and whether the alkaloids which
doubtless form in putrid pulps have any irritating Jaction upon
the peridental tissues. The fact, established by Odenthal, that
glandular swellings in the region of the lower jaw occur espe-
clally as concomitants of dental caries, seems to justify the
assumption that the resorption of the putrefactive products
attending the decomposition of a tooth-pulp is an important
agent in the above-named disturbance.

E. Oxidation of Aleohol to Acetie Acid.

The exciting cause of acetic acid fermentation, the vinegar
fungus (Mycoderma aceti), usually appears in the form of cocei,
or diplococei, either singly or in chains (Fig. 7). According to
Hansen,® Zopf, and others, it alzo grows in rod and leptothrix
forms. The formation of very long cliaing and =o-cailed invo-
luted forms is specially characteristic of the vinegar fungus
(Fig. 7, a). It grows best at 30° to 35° C.,

and forms a covering or pellicle on the sur- Rt o
face of fermenting liguids, which attains a so=? Y
thickness of 50 to 100 mm. The eells of this i
fungus transfer the oxygen of the air to the wrﬂf"’:
medium, and thus possess the specifie faculty 2 e 'Z.-;"” &
of oxidizing the aleohol in fermented liquors ::: P {
to acetic acid ; C,H,, OH 4- 0,= CH,, COOH o

+ H,0. The fermentation takes place most i 'ﬁ &a
rapidly when a minute quantity of acetic C/

acid (1 to 2 per cent.) is already present. ., _ =~ o

More than 10 per cent. prevents the continu-  Acio Fenugxrarios
ance of the fermentation ; under 10° C. and {:[E;':ﬂ;.zfutl Pk
over 35° C. the formation of acetic acid

ceases. The deficiency of aleohol and the high temperature
render the occurrence of the specific acetous fermentation in the
mouth highly improbable.

An oxidation of aleohol to acetic acid also occurs in a certain
degree when alcohol is exposed to the air on large surfaces
(wood shavings); also when the oxygen is transterred to the
aleobol by means of sponge platinum. For obvious reasons this
process does not occur in the mouth.
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F. Ammoniacal Fermentation.

Various bacteria, Ascococeus Billrothii, Mierocoecus uresm,
Bacillus ures, ete., occasion a fermentation of urea leading to the
formation of carbonate of ammonia, and imparting an intensely
alkaline reaction to the solution. W. Leube and E. Greser®
obtained pure cultures of four ditferent bacteria which have the
power to decompose urea. Two of them, a small bacillus
(Bacterium urewm) and a cocens (Micrococeus urem), showed
intense urea-decompozing propertics, The other two possessed
this property in a less marked degree. Lungsarcina also effected
an intense decomposition of urea.

G. :"I-*.r-l"r‘f.ffr'ﬂ‘hft-n}i! and ..Uf::r’!‘!.'?“r'.ffﬂﬂfr-ﬂri’.

Finally, certain processes of oxidation and reduction which
take place in the soil have been found to be due to the presence
of micro-organisms, and must consequently be classed under fer-
mentations, Schlising and Miintz* established this fact for the
case of natural nitrification, which, according to their experi-
ments, must be regarded as a process of fermentation, resulting
from the action of a specific micro-organism. In their experi-
ments they used filtered and sterilized drainage-water ('eau
d’éegout), or weak alkaline solutions containing mineral sub-
stances, a salt of ammonia, and organie matter. When these
solutions were sterilized, infected with =oil and exposed to the air,
a nitrate-forming fermentation ensued, which was occasioned by
very small oblong microbes (ferment nitrique). Continuous
exclusion of air destroyed the ferment nitrique; it ocenrs very
extensively, but was not found in the atmosphere.

The conditions for the consummation of this process are (1)
access of oxyvgen, (2) a certain degree of humidity, (3) weak
alkalinity, and (4) the presence of organic matter. Below 5° C.
nitrification proceeds very slowly; at a higher temperature the
intensity of the fermentation increases, until 37° C. is reached,
which represents the maximum. At a still higher temperature
it decreases rapidly, and at 50° C. (!) yields but minute quanti-
ties of nitrates.

On the other hand, Gayon and Dupetit® found four different
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microbes which reduced nitrates, sometimes to nitrites, some-
times to ammonia, nitrogen, and nitrous oxide (denitrification.)

Drainage-water, to which saltpetre was added (0.02 to 1 litre),
infected with spoiled urine, showed a gradual decrease of the
nitrate under development of numerous microbes,

When the culture was sterilized, or chloroform, or any other
antiseptic added to it, no process of reduction took place. The
presence of organic matter and a limited access of air were the
conditions of fermentation. The optimum of temperature was
found to lie between 35° and 40° C.

Salicylic acid, in antiseptic doses, did not impede the process of
reduction, but soon disappeared itself. Nitrates of sodium, am-
monium, and caleium were reduced in the same way as nitrates
of potassium. Dehérain and Maquenne™ obtained similar results.
Their first experiment yielded the following figures for one hun-
dred parts of the gas formed :

CO, 80.5
N,0 8.2
N 118
The second experiment yielded—
CO, 67.3
I 5
N 12

These processes of oxidation and reduction have also recently
been observed in pure cultures,

It appears from Heraeus’s® investigations that they may be
occasioned by a large number of different species of bacteria.
He made experiments with several known kinds, and also with
twelve unknown kinds, which he cultivated from water, soil,
ete. Of the latter, two reduced nitric acid to nitrous acid and
ammonia, and converted urea into carbonate of ammonia. Two
consumed nitric acid without reduction ; one of them transform-
ing urea into salts of ammonia, the other not. None of these
twelve varieties manifested any oxidizing influence, Heraeus
succeeded, however, in isolating, from garden soil, two species
which led to the formation of nitrous acid in saccharine solu-
tions, in urine, etc.
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The following well-known species alzo showed the power of ox-
idation : Microcoecus (Bacillus) prodigiosus, typhus and anthrax
bacilli, Finkler-Prior’s and Denecke’s spirilla, Staphylococeuns
citrens. Brieger’s and Miller’s bacteria yielded inconstant
results.  Contrary to Schlosing and Miintz, Heraeuns found these
organisms in the atmosphere also. The latter declares Pasteur’s
“anaiérobinm™ to be untenable; there are, on the contrary, bac-
teria which eall forth reductions under all cirenmstances, as well
as those which ocecasion oxidations.

Wherever bacteria find a favorable nutrient medium, in con-
centrated urine, saccharine solutions, meat-juices,—that 1s,
wherever there are large quantities of organic matter,—the
reducing bacteria will preponderate ; but wherever the condition
of the nutrient medium prevents rapid proliferation, the oxidiz-
ing bacteria will gain the ascendency.

Warrington ® was able to note only a reduection of nitrates to
nitrites; gaseous products did not appear. IHis experiments with
artificial mixtures showed but minute traces of nitrification.

Fresh corpses, imbedded in powdered charcoal, are said not to
putrefy, but to decay in such a way that after several months
only bones and fat remain, while the chareoal contains a quantity
of nitricacid.” We probably have here to do with a process sim-
ilar to or identical with nitrification, the oxygen condensed in
the ehareoal taking the place of the atmospherie air. The gnes-
tion whether these processes oceur in the human mouth will be
discussed in Chapter V. It appears to me not at all improbable
that the appearance of nitrous acid in the oral cavity is due to
the reduction of nitrates,

2. Chlromogenic Baclerin.

Many kinds of baeteria occasion so-called pigment fermen-
tations in which coloring-matter is produced; green, red, and
vellow eolors predominate, brown, blue, and violet being of
less frequent occurrence. The colors sometimes appear in the
membrane or protoplasm of the cells, which is usually the case
with bacteria that form yellow coloring-matter. More frequently,
only the culture medinm becomes colored, the ecells remaining
colorless. This is the case with all bacteria that form green color-
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ing matter, with the exception, perhaps, of Bacterium chlorinum
(Engelmann) and Bacillus virens (van Tieghem). Access of
atmospheric air is essential to the production of pigment fer-
mentation.

H. Kronecker first called attention to a liquefying bacillus
whose enltures in bouillon showed no color when the access of
air was limited, but when shaken with air an intensely green
color instantly appeared. I have noted a similar
result in the case of other bacteria. Liborins® Fic. 8.
proved for a large number of pigment baecteria
“that all these coloring-matters are formed only
where there is free access of air.”

Chromogenic baecteria are widely distributed in
nature. When a plate of nutritive agar-agar is
exposed to the air for some time, and then kept in
a moist chamber, colonies of wvarious kinds of
chromogenic bacteria generally develop upon it.
They have their representatives among the patho-
genic, as well as the non-pathogenic organisms,

3. Aérogenic Bacteria.

Various kinds of gases, CO,, H, N, SH,, CH,,
NH,, ete., are often formed as waste produets of
bacteria, as well as of fungi in general. Accord-
ing to Fliigge, the funetional activity of the lower
fungi must always be accompanied by the develop-
ment of CO,. Nevertheless the quantity of CO,
evolved from many cultures is excessively small,  Covrene or 4
and is to be considered as a product of intermolec- 13 FORNING

e
ular respiration only (see also page 20). ﬁlr':m];f“T[It:
In fermentations of ecarbohydrates, lactic and e
butyrie acid, mannite and cellulose fermentations, GELATINE.
and various others, CO,, H, and CH, are princi- nnul::l::!;:lld.
pally or exelusively formed, the former often in
such quantities that the course of the fermentation is exceed-
ingly violent (Fig. 8).
The fermentation of albuminous substances (putrefaction) is
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accompanied by the development of CO,, H, N, 8H,, PH,, CH,,
NH.. In cellulose fermentations CO,, H, and CH,, in alechol
fermentations CO, and H are produced,

The formation of gas occasions manifold disorders in the human
stomach and intestinal tract. In putrefyving pulps it is the fre-
quent cause of periostitiz and abscess formation, since the gases
generated force their way through the apical foramen or even
carry particles of the putrid pulp along with them, thereby
causing a =evere irritation of the pericementum.

4, Saprogenic Bacteria (Bacteria of Pufrefaction).

This term has been applied to such bacteria as are endowed
with intense putrefactive properties. They occur among the
saprophytes, as well as among the parasites. Many pathogenic
bacteria possess saprogenic properties; thus, for example, Bacil-
lus saprogenes (I, IT, ITI), Baecillus pyogenes feoetidus, Brieger
bacillus, ete. The eause of putrefaction lies in the faculty pos-
sessed by many, if not by most, bacteria, of decomposing albu-
minous substances in such a manner as to give rise to character-
istic products of decomposition. (See Putrefaction, page 27.)
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CHAPTER IL

NUTRIENT MEDIA FOR EACTERIA IN THE QORAL CAVITY.

THE organic and inorganic substances found in the mouth,
which may serve as nutriment for micro-organisms, are the fol-
lowing :

1. Normal saliva,

2. Buccal mucus.

3. Dead epithelium.

4. Dental tissue softened by acids.

5. Exposed pulps.

6. Exudations of the gums, conditioned by the irritation of
tartar, ete. :

7. Accumulation of particles of food.

1. SALIVA.

Normal, human, mixed saliva is a colorless liquid, usually
slightly clouded by epithelium ; it is more or less slimy, slippery,
and viscous, differing with different individuals. Normally the
submaxillary and sublingual glands furnish a viscous secretion,
whereas that of the parotid is more dilute. In healthy persons
it has a weak alkaline or neutral reaction ; its specific gravity is
1.002 to 1.006. Under the conditions mentioned in Chapter VIII,
the reaction frequently becomes acid. If kept standing, especially
at blood temperature, it will putrefy sooner or later, according to
the amount of organic matter it contains; in the presence of
starch or sugar no real putrefaction takes place, but a process
of fermentation ensues, giving rise to an acid reaction and sour
smell, accompanied by the formation of earbonie acid.
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The analysis of C. Schmidt and Jacubowitseh* gives the fol-
]u:}wing chemieal iugredieuts of human saliva :

Water

Soluble organic substances

Epithulium

Sulphoeyanide of potassium . ; ; ;
Chloride of calcinm (KCI1) and chloride of sodium

(NaCl)

Other inorganic salts

995.16

1.34
1.62
0.06

0.84
0.98

1000.00

The composition of the saliva of such animals as have been
particularly studied with reference to this point, ditfers essentially
According to Ellenberger and

from that of human beings.
Hofmeister, the parotid saliva contains in 1000 parts:

@. in horses:

Water . 991.613
Dry substance 8.887
Organic substance 2.429
Mineral salts . 5.958
Salts  soluble 1in

water 4.580
ClNa . 2.364
CO, alkali 1.775
Phosphates of the

alkalies and sul-

phates: . . . kdd]
CaCO, insoluble in

water 1.378

|

| Water

b, In cows:

. 990.000
10.000

' Dry substance

Organic substance .

Mineral salts .

Salts  soluble in
water

ClEs: s

CO, alkali .

Sulphates and phos-
phates of alkalies

CaCO, insoluble in
water

0.400 }
9.600

9.550
0.440
7.460
1.650

0.050

The great amount of carbonate of the alkalies is specially note-
worthy ; it imparts a strong alkaline reaction to animal saliva,
and is well calculated to neutralize such acids as may be formed
in the animal mouth, thus tending to prevent the appearance of

caries.

Ellenberger and Hofmeister * * have carefully examined the
saliva of various animals (domestic mammals). According to
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their researches, all the glands of the oral cavity of horses, cattle,
sheep, pigs, and dogs contain a ferment which converts starch-
paste into sugar and dextrine, while "soluble modifications of
starch appear as intermediate stages. The saliva of cattle, sheep,
dogs, rabbits, ete., as well as that of horses and cows, differs
essentially from human saliva, in the strong alkaline reaction.

The inorganic ingredients (salts) contained in human saliva
are, besides chloride of potassinm and chloride of sodium, com-
binations of carbonic and phosphorie acids with ealeium, potas-
sinm, natrium, and magnesium, caleium and natrium carbonate
preponderating (Hoppe-Seyler). Clear saliva exposed to the air
becomes cloudy through the precipitation of earbonate of lime
(Hoppe-Seyler), a fact which should be borne in mind in any
attempt to account for the formation of ferfer. Human saliva
also contains slight traces of a nitrous compound, as is shown
by the appearance of a blue color upon adding saliva slightly
acidified with very dilute sulphuric acid to a dilute solution of
iodide of potassium containing starch. The presence of nitrites
in the human saliva is probably to be accounted for by a redue-
tion of the nitrates introduced into the mouth with food and
drink.

If human saliva from an unclean mouth be acidified with
muriatie acid, and a small quantity of chloride of iron added, a
beautiful red color almost always appears, which indicates a com-
pound of sulphoeyanogen. The manner in which this compound
is formed in the human mouth is unknown. It has been supposed
to have some connection with carious teeth, or, according to
others, with smoking; the latter view is unquestionably erro-
neous, for I have repeatedly found the above-mentioned combi-
nation in the mouths of non-smokers.

The human saliva, as may be readily seen from the analysis,
is very poor in organic ingredients. It contains traces of an
albuminous substance which is coagulated by heat, also invaria-
bly a small quantity of mucine; in the saliva of dogs 0.662-2.604
grams were found in 1000 (Hoppe-Seyler). Consequently, the
saliva turns slightly yellow when boiled with nitric acid, changing
to orange upon the addition of an alkali. The addition of sul-
phate of copper (CuSO,) and caustic potash (KHO) produces
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a violet color. Alcohol, acetie acid, ete., eause a white flaky or
fibrous precipitate.

Lastly, human saliva invariably contains a diastatic ferment,
called ptyaline, which is identieal with that found in the secre-
tion of the pancreatic glands, in the juices of the stomach and
intestines, in blood-corpuseles, in the liver, in the secretion of the
tonsils, ete. This ferment also occurs in the saliva of guinea-
pigs and rabbits, rarely in that of dogs (Hoppe-Seyler); Roux*
failed to detect it in the saliva of horses, Ellenberger and Hof-
meister, on the other hand, invariably found ptyaline in the
saliva of dogs and horses,

Through the action of ptyaline, starch is converted into dex-
trine and a kind of sugar (called ptyalose by Nasse), which is
directly fermentable and has the property of reducing the oxide
of copper. The process of =accharification begins instantly, so
that it i= immaterial for the ensuing fermentation whether the
saliva be mixed with starch or with sugar. Theoretically, the
acid reaction would set in at the same time and with equal in-
tensity in both cases. Indeed, it seems as if saliva mixed with
starch ferments not only sooner, but also forms a larger quantity
of acid than sugar. (See Chapter VIIL)

Ptyaline is able to convert comparatively large, though not
unlimited, quantities of amylum into sugar. In an experiment
made by Kriiger, 4.672 grams of amylum were converted into
ptyalose by 1 gram of panereatie juice, within the space of thirty
minutes. Now, since 1 gram of pancreatic juice contains only
0.014 of organic matter, of which, again, the ferment represents
but a small fraction, it is evident that 1 gram of the ferment can
transform a multiple of 314 grams of amylum into sugar in half
an hour. Ptyaline differs from the vegetable diastase, (1) in the
dissimilarity in the sugars formed; in the latter case, not ptya-
lose, but maltose, is produced: {(2) in respect to the very differ-
ent temperatures at which the ferments are most active, ptyaline
acting most rapidly at 35° to 40° C,, vegetable diastase at 70° C.

A sufficient quantity of pure saliva for the purpose of experi-
mentation may be obtained, after very thoroughly cleansing the
teeth and entire,oral cavity, by placing a crystal of muriate of
cocaine upon the back of the tongue or by painting the surface
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of the tongue and cheeks with sulphurie ether. If the mouth
is then held wide open over a glass or poreelain vessel, the saliva
will flow out in clear thin drops from the parotid or in long,
viseous streams from the =ublingnal and submaxillary glands.
Baliva thus obtained is but slightly clouded, but forms a white
precipitate when left standing. If a small quantity of this
precipitate be placed upon an object-glass in a drop of water,
covered with a cover-glass and a small drop of dilute sulphurie
acid allowed to flow underneath, a formation of gas-bubbles will
be observed (CO,), while under 20 to 40 diameters the needles
characteristic of sulphate of lime will appear. By means of
molybdate of ammonia, phosphoric acid may also be easily de-
tected in this precipitate. The latter, therefore, consists partly
of earbonates and partly of phosphates (lime-salts), and sufficiently
explains the formation of tartar. There is, consequently, no
need of having recourse to the theory, which for various reasons
is untenable, that tartar consists of the calcareous remains of
bacteria.

Pure zaliva exposed to the air undergoes putrefaction, not as
rapidly, however, as is generally asserted in text-books of phys-
jiology; on the contrary, sometimes very slowly, so that no bad
smell may be detected before several days have elapsed. Only
when the saliva is mixed with organic matter from the mouth
does it soon show marked signs of putrefaction.

This may be easily understood when we take into considera-
tion the fact that human saliva contains only about (.15 per cent.
of organic matter, and is, therefore, but a very indifferent cul-
ture medinm for bacteria, since experience has taught that a
good culture medium must contain a much greater quantity of
organic matter. As before mentioned, if sugar is added to the
saliva no sign of putrefaction will appear, but a fermeutation
takes place which engenders an acid reaction and a sour smell.

The view, entertained by many dentists, that saliva possesses
antiseptic properties, seems to me to be unfounded. Those con-
stituents of human saliva which have antiseptic properties are
present in too small quantities to be able in any way to impede
the development of bacteria. The fact that the human mouth is
so favorable a place of habitation for so many kinds of bacteria, is
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of itself suflicient to prove the absolute incongruity of such an
idea, What would we think of a man who would put a piece
of meat in saliva, in the hope of keeping it from decay? The
comparative rarity of diseases of the gums, in spite of the large
number of bacteria in the mouth, is due, not to the antiseptie
action of the saliva, but to the great power of resistance of the
gums, and to their comparative unsusceptibility to infectious
agents, It is well known that in removing tartar from badly kept
teeth we often wound the gums with impunity, in a manner
which on other parts of the body would be very likely to lead to
a serious infeetion.

9, Tur Buccar. Mucus.

The secretion of the mucuns-glands of the mouth is identical
with the mucus secreted by the submaxillary and sublingual
glands, which gives the saliva of these glands itz viscous and
slippery character.

Hermann ® calls the mucus “a clear, slimy, viscous alkaline
fluid™ ; according to others, it has an acid reaction ; most proba-
bly the reaction of mucus, as well as of saliva, is subject to
variations dependent upon the general state of health. (See
also Chapter VIIL.)

It is so difficult to obtain a pure secretion of the mucus-glands,
that the method proposed’by Kirk* seems to be the only means
of determining the reaction with any degree of certainty, for a
large number of cases. Mucus mixes with water without being
dissolved, is equally insoluble in alcohol, ether, chloroform, and
dilute mineral acids; =oluble, on the other hand, in dilute alka-
lies and excess of mineral acids. It does not coagulate when
boiled, belongs to the albuminoids, and serves as a nutrient for
bacteria.

3. Deap EriTHELIAL CELLS.

These cells, for the most part from the surface of the mucous
mermbrane, form a flaky precipitate in saliva left standing, or are
deposited, mixed with muecus and particles of food, upon the teeth,
particularly in places which are not exposed to the friction of
mastication. Under the microscope they appear as flat, irreg-
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ular, many-sided cells, which are frequently covered with bac-
teria, especially in vitiated or spoiled saliva (Fig. 9). The fact
that these cells are often found in a stute of partial destruction
by bacteria would seem
to indicate that they form
a not nnfavorable nutrient
for certain kinds at least,
a view which is also sup-
ported by the chemical
analysis,

4. TooTH-CARTILAGE.

The organic matrix of
dentine belongs to the glue-
giving, Eubst‘ﬂuees'. -‘Jf he_.n ErPITHELTAL SCALES FROM THE ORAL CAVITY.
decalcified  dentine  is Partly destroyed by cocci. Ca. 500: 1.
boiled for any length of
time, a gelatinous material is obtained, which solidifies on cooling.

Dry gelatine from dentine forms an odorless and colorless, or
faintly yellowish mass, like bone-glue, which swells up in cold
water, dissolves easily in hot, but is insoluble in alcohol and
ether. At blood temperature dentine gelatine, like other gluey
substances, is easily decomposed by bacteria, and my personal
experience has shown it to be a good medium for culture
experiments.

5. TRE DExTAL PULP.

On aceount of its delicate structure and the abundance of
blood, the dental pulp presents an exceedingly favorable nutri-
ent medium, and therefore very easily putrefies. By means of
a dead pulp spontaneous inoculations (auto-infections) readily
oceur, from which very dangerous loecal or general poisonings
may result.

6. ExupatioNs oF THE (GUMS.

The gums, when irritated by accumulations of tartar or food,
or by sharp edges, protruding fillings, roots, ete., furnish par-
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ticularly favorable conditions of nutrition for certain species of
bacteria. The apparently strietly obligatory parasitic bacteria of
the mouth, Spirochiete dentium and Spirillum sputigenum, find
here the peculiar conditions essential to their development. It
is a very interesting faet, and one showing what a powerful
influence the nature of the culture medium may have upon the
growth of bacteria, that though numberless attempts have been
made to construet a eulture medium adapted to the wants of
these bacteria, they have all signally failed, so exaectly must the
natural conditions be imitated before they can be induced to
CTOW,

7. AccuMmuLaTIoN oF ParticLes oF Foob.

The chief source of nutrition for the oral bacteria is, however,
furnished by the particles of food collecting between the teeth,
or in fissures, depressions, cavities of decay, ete., or adhering
even to their free surfaces, These, consisting chiefly of albu-
minous substances and carbohydrates, mixed with the other
nutrient matter mentioned under 1 to 6, present an almost per-
fect eulture medium for bacteria,

After these introductory remarks, we shall now proceed to
the study of the bacteria of the human mouth, a subject which
has justly attracted a vast deal of attention in dental, as well as
in medical cireles, within thedast few years.
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THE DEVELOPMENT OF THE STUDY OF MICRO-ORGANISMS IN THE ORAL
CAVITY,

Tue eelebrated Dutch scientist, Leeuwenhoek,” was the first to
observe that microscopically small organisms exist in the human
mouth in great numbers. In a treatise bearing the date 1683,
he gives descriptions and diagrams of several kinds of bacteria
from the mouth, which show that the inferiority of his instru-
ments compared with those now in use did not prevent his ob-
taining a very fair view, par-
ticularly of Spirillum sputige- Fia. 10.
num. In spite of the utmost
care which Leeuwenhoek be-
stowed upon the teeth and oral
cavity, “quo fit, ut dentes mei
adeo puri maneant et candidi, wt
paucos mihi cowtancos hoc pacto
raro videas, mec gingive mee
. . . MRgUam Sanguincin emil-
tant,” he was nevertheless able
to detect five different kinds of -1Ir
animalcula in a certain white
matter between the teeth. e " ANIMALOULA"” FROM THE MouTH.

: 7, Bpirillum sputigenum.
fere semper magna cum admira- L Totatinek 3

tione vidi dicte illi materie inesse
multa exigua admodum animaleula jucundissimo modo se moventia.”
Leeuwenhoek’s diagrams are reproduced in Fig. 10. The
micro-organism marked g will immediately be recognized as
the Spirillum sputigenum, now so well known. While convers-
ing with an old man, Leeuwenhoek noticed the rather deplorable
45
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condition of his teeth and asked him when he had last brushed
them, to which the latter replied that he was not in the habit of
brushing his teeth at all. Leeuwenhoek, who never allowed any
opportunity to pass by unheeded, immediately made the request
to be allowed to make an examination of the old man’s saliva
and of the greasy deposit (* materia alba™) upon his teeth. In
this deposit he found so many animalcula, *“ut fofa aqua vivere
videatur.””  This observation agrees perfectly with our present
knowledge as to the oceurrence of mobile bacteria (Spirillum
sputigenum, ete.) in the oral cavity.

Lebeaume compared tartar, as the breeding-place and habita-
tion of these animalecula, to coral formations. Mandl* supposes
tartar to form through the aceumulations of the ecaleareous
remains of vibrios, which he deseribes as rod-vibrios. Ieat,
spirituous liquors, and muriatic acid were found to destroy them.

Biihlmann® observed the thread-forming bacteria of the mouth
and called them simply fibers, without expressing any definite
opinion concerning their animal or vegetable nature.

Henle® was the first to give expression to the view that these
bueeal organisms were of a vegetable nature.

Erdl® (1848) treated carious teeth with muriatic acid, thereby
loosening from the crown of the tooth a delicate, colorless mem-
brane, composed of cells, which, in his opinion, is of a parasitic
nature (ride Chapter VI),

A considerable advance in the study of the micro-organisms
of the human mouth, as well as of the mouths of various domes-
tic animals, was made by Ficinus,” a physician of Dresden, from
whose dissertation on this subjeet the following passage is taken :
“If a small quantity of the yellowish-white slimy substance
found upon every tooth is brought under the microscope, fibers
of a peculiar nature will be found, which have already been
mentioned by Leenwenhoek and drawn by Biihlmann, Between
these lie dense masses of very small granules, epithelial cells,
and mucus corpuscles.  Oeceasionally a few infusoria, which have
aceidentally entered the mouth with food and drink, move across
the field of vision. The interstices remaining between the masses
of granular substance, when examined under high power and by
good light (particularly on addition of a little water or saliva),
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afford the surprising revelation of a large number of small
roundish, or oblong bodies, which wander about with lively, rota-
tory movements. Only when their motion abates, particularly
when they arrive at objects which afford them nutriment, can
their shape be more accurately distinguished.

“ In the contraction in the middle of the body a lip-like pro-
tuberance may sometimes be observed, which I supposze to be
the mouth, sinee it guides the organism in its approach to objeets,
It is, therefore, a hairless, probably also mailed, infusorium with
an abdominal aperture, whose exterior is not unlike that of the
paramscium and the kolpoda.™

Fi1a. 11.

TooTH-ASIMALCULA (£AHNTHIERCHEX) AXD
Binruaxx's Fiaers.
a, b, , Zahnthierchen with abdominal apartare.
{After Kloncke.)

Ficinus proposed for these animaleula the generie name Den-
ticola. .

Robin *: ® (1847) called them Leptothrix bucealis, and classed
them among the algze.

Klencke® continued the researches of Biithlmann and Ficinus,
and furnished us with drawings of these tooth-animaleula (Zahn-
thierchen), as well as of the denticolz or fibers of Biithlmann, sup-
posed to be produced by the coalition of the animaleula. They
are reproduced in Fig. 11. These diagrams are also interesting,
because they exemplify the great influence which a preconceived
notion may exert upon what is seen under the microscope.
Klencke had learned from Ficinus that the tooth-animalcula pre-
sumably possessed an abdominal aperture (Fig. 11, 4,4, ¢), and
he consequently, not doubting the correctness of Ficinus's
observation, saw it very distinetly.
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METHODS OF BACTERIOLOGICAL INVESTIGATION.

It was not my design, when I began the preparation of this
book, to present even a summary of the various methods
employed in bacteriological investigations. These have be-
come so numerous within the last few years that an exhaust-
ive treatment of the subject is a work of itself, and must be
sought in treatises devoted to that alone. For these reasons
I passed over this important matter in the German edition,
with a bare mention. Since, however, some have expressed dis-
appointment at this omission, I have concluded to present in
this edition a brief summary of the most important methods
now in use. This task I now undertake all the more willingly,
because I am convineed that some of my readers in the dental
and medical professions may in this way obtain a certain knowl-
edge of the methods of bacteriological experimentation, which
they would not do if they were obliged to consult a separate
work for that purpose, and furthermore, because for every one, a
knowledge of at least the fundamental principles of research
very much facilitates the ready understanding of the results
obtained by them. I must repeat, however, that it is only the
most important and most commonly used methods that I pro-
pose briefly to consider here. In the first place, let me say that
there is at present no science which opens up so broad and fruit-
ful fields of study, and is so accessible to every one, as the sei-
ence of bacteriology. Of course, we often find ourselves con-
fronted by an apparently insoluble problem; but on the whole
the study of bacteriology compared with that of chemistry is,
we may almost say, child’s play. This is testified to by the fact
that a course of six weeks usunally suffices to put one in pos-
gession of nearly all the important methods of baecteriological
research. The application of the methods, however, sometimes
involves an immense amount of time, and hard, patient labor.

Derixitions oF A Few TeErMs vsEp 18 THE FoLLowIisg PAGEs.

Agar-agar : the name given to various algs growing on the
coast of the East Indian archipelago, particularly Gracilaria
lichenoides, Euchema spinosum, Gigartina speciosa, ete., which
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on boiling with water yield a jelly that solidifies at temperatures
above that of the human body.

Platinwm needle : a piece of platinum wire, about two and one-
half inches long, with one end melted into the end of a glass
rod (Fig. 12).

Fia. 12,

Pratisvd NEEDLES.

Damp chamber : a shallow glass vessel whose bottom is cov-
ered by a piece of wet bibulous paper, and over which a second
somewhat larger vessel is inverted (Fig. 13, #); or the arrange-
ment illustrated in Fig. 13, @, may be used. Damp chambers
may, however, be constructed of almost any two vessels,—for
example, of two soup-plates.

Colony : a cryptogamous growth on the surface of, or within
a laver of solid nutritive material, proeeeding from one cell and

Fie. 13 4.

Davpr CHAMBERS.

consisting of a number of cells, varying from a few to myriads.
The larger colonies are plainly visible to the naked eye, and
their cnl;ur, form, structure, density, ete., furnish a ready means
for distingnishing between different kinds of micro-organisms
~ without the aid of the microscope, or often when even the
microscope fails to furnish the necessary information.

APPARATUS.
The accessories absolutely necessary for beginning work in
bacteriology are very few and inexpensive. T began work with
4
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an outfit which cost about twenty dollars (of course not inelud-
ing microscope), and gradually added one instrument after
another.

For one hundred and twenty-five dollars a laboratory may be
furnished with about all the apparatus necessary for carrying
on extensive general work, including the incubator and micro-
tome, but not the microscope.

Following is a list of the most essential apparatus:

1. A microscope. I would recommend those who are anxious
to obtain a microscope at the least possible momentary expense
by all means to procure a good stand, with two objectives of low
power, and the necessary oculars to give a magnification of 200
to 800 diameters. With these one may carry on a very exten-
sive series of bacteriological investigations; in faet, with help
of the methods of pure culture, one ean accomplish very much
without a microscope at all.

When, however, the question of the morphology and mode of
development of bacteria, or their distribution in tissues, ete., is
to be considered, an oil-immersion lens will be necessary (price
825 to $150). It is poor policy to buy a cheap stand, because it
will goon be out of order, and when subsequently one wishes to
complete the apparatus by adding new lensed, ete., it will be
found inadequate, and will have to be thrown away.

2. An incubator: zine, $12.50; copper, $35 to $100.

3. A hot-air sterilizer for glass plates, ete., $6.

4. A steam sterilizer (Koch’s Dampfeylinder), 6.

A spiral burner (automatic), $5.

A thermo regulator, $5 to $10.

. A microtome with freezing arrangement (complete), $30.
Two gas-burners, 82.

. Two dozen glass plates and benches, $1.50.

lﬂ Six damp L’]t'l]l]]lt'l' , $5.

11. Leveling apparatus, tnr pouring cultures (complete), $4.

This apparatus consists of a tripod supported by three screws,
two shallow glass vessels, one slightly smaller, resting upon three
corks placed upon the hottom of the larger, a perfeetly plane glass
cover, and a spirit-level. In use, the glass cover is first adjusted
and made perfectly horizontal by the help of the spirit-level and

—«.]F}'ul
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tripod; it is then removed, and the inner vessel filled with cold
(iced) water and the cover replaced. The outer vessel acts
gsimply as a receiver for the excess of water in the inner. A
small glass plate placed upon the eover is not only horizontal, but
is also cooled, so that in pouring the gelatine upon it there is no

Fic. 14

LEVELING APPARATUS,

For pouring culture-materials.

danger of its running off’ at one side. Tor pouring agar-agar
thelsimpler form of the apparatus represented in Fig, 14 should
be used.

12. A pair of scales (0.1-20.0 grams), a water-bath, one dozen
small glass dishes and watch-glasses, one dozen Petri’sche
Schalen (miniature damp chambers), measuring-glass, pipette,
test tubes, bottles of various size for holding preparations, also
some with ground stoppers for staining materials, a wash-bottle,
object- and cover-glasses, a few hollow object-glasses for drop-
cultures, various-sized porcelain evaporating-dishes, two platinum
needles, brushes, spatula, filters, filter-paper, cotton, wire baskets
for culture-tubes, scissors, pincers; further, for inoculation ex-
periments, a sterilizable syringe, two vaccination-needles, mice-
cages, ete,

The principal reagents made use of in staining bacteria are
absolute aleohol, aniline water,* cedar oil, oil of cloves, Gram’s
solution (iedine 1, iodide of potassium 2, distilled water 300),
various staining materials, of which the most important are

* A saturated solution of aniline oil in water, made by thoroughly shaking
four parts aniline inone hundred parts water, then filtering.
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fuchsine, methylene blue, methyl violet, gentian violet, vesuvine
(in concentrated aleoholie solutions, to be diluted on using), bis-
marck brown (aqueous solution).

In preparing tissues for examination, naturally the various
hardening, fixing, decaleifying, imbedding, and mounting solu-
tions may be required which are used in general histological
work, although most tissues may be cut and stained with excel-
lent results in the simple manner deseribed in connection with
the preparation of decayed dentine. For staining tissues, picro-
carmine and picro-lithio-carmine receive the preference.

Pure CULTURE.

By a pure culture we understand a eryptogamous growth in
1

which only one kind of miecro-organism is represented. For ex-
ample, a culture containing only cells which belongin the develop-
mental eyelus of the tubercle bacillus, is a pure culture of that
bacillus. Assoon, however, as a single cell of another species finds
its way into the culture, it becomes an 1mpure culture. Passing
over the various methods which were formerly employed for
obtaining pure cultures in liquids (fractional and dilution ecul-
tures of Klebs, Niigeli, ete.), we will deseribe in brief only the
methods of cultivating micro-organisms on solid media, intro-
duced by Vittadini and Brefeld, and perfeeted by Koeh.

I will confine myself to the two methods most commonly
employed for cultivating on gelatine or agar-agar. These are:

1, line cultures; 2, dilution cultures.

Line Cultures.

The prineiple of line cultures may be made clear by the fol-
lowing illustration: Suppose we were to dip a wet glass rod into
a bag containing a mixture of timothy and clover seeds, so that
a vast number of seeds of both kinds adhere to the rod, and
then draw it over prepared ground; at first, great numbers of
geeds will be left in the wake of the rod; gradually, however,
they will become less and less, until at last only single seeds may
be deposited. When these seeds grow, we will have in the first
part of the track a mixture of timothy and clover, but in the

- 1
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last part separate stocks of timothy and clover, growing singly,
or in pure cultures. To apply this method to the cultivation
of baecteria, let us suppose that we wish to obtain a pure
culture of the bacteria from the white deposit about the necks
of the teeth. We proceed in the following manner: Having
melted a tube of nutritive agar-

agar, we carefully remove the Fie. 15.

cotton stopper, hold the mouth =—
of the tube for a moment in the @
flame of a Bunsen burner, to "5'_= = S B
destroy all germs sticking to it, b et T O i“% ”’% g‘
then pour the material upon a 2 RSl B 5‘
sterilized glass plate, using the 2 og {'; @1@ %
apparatus No. 11. As soon as 0 - ey R [ T
this has stiftened, which takes MRt q G :ﬂ.: E
place in about one or two min- e % 1 4 2 B E
utes, we take up some of the de- 5 i } i 48 $
posit upon the point of a ster- d.; Y@ 2 ok i ; ?;
ilized platinum needle, draw it e T G i L‘Er,. 8
lightly over the surface of the 5 ot | ‘:’ i %
culture medinm ten or fifteen ; ? ¢ 9
times, and place the plate in a S
damp chamber at the tempera- M&*

ture of the human body. In

the course of a day or two — =
we will invariably find that R e
an 'ﬂbl]:ﬂdaﬂt gm“'ﬂ] llﬂﬁ taken The oumber of coloniez in each line

Bt i tho lince.  On the | #madually doeremsen fom o tn 3, watil i

a : 7 : the last line we have only twelve to fifteen
first line it will be very thick, colonies in which at least three different
% . e micro-orzanisms are represented, the col-
and on Eﬁ[,h BIIGEEEI'I."'Ig 1-111'.. it onies e, o, and ¢ plainly differing from ench
will gradually become thinner,  other to the naked oye. The first colony
il he 1 5 i he erowtl in the third line from a iz n mould, Nat-
t1ll on the last hine the growth ...
will appear only as a few iso-
lated points (Fig. 15). These points usually represent pure
cultures. If they are not pure, they can be made so by vacei-
nating from them a sccond plate in the manner just indieated.
A portion of a culture made in this manner is represented in

Fig. 15. In making line-cultures on nutritive gelatine we pro-
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ceed in exactly the same manner, except that the cultures must
be kept at a temperature just below that at which the gelatine
used liquefies. Instead of the ordinary glass plates, Petri’sche
Schalen may often be uszed to great advantage.

Dhlution Cultures.

We may illustrate the principle of dilution eultures in the fol-
lowing manner: Suppose we have a handful of seeds of various
kinds which are invisible to the naked eye, and we are given the
task to separate the seeds, or at least to obtain pure cultures of

Fia. V6.

SpcoxD DILUTION OF A GELATINE-CULTURE FROM THE WHITE
DerosiT 0% THE TEETH.

a, vory emall ; &, medinm-sized ; e, very large, ronnd colonies ;
o, irregular colony. The different sizes represent ditferent
rapidities of growth. Culture three days old.

them. We may accomplish the task in the following manner :
We go ont to the field and cast the seed broadeast upon the
ground which has been prepared for the sowing, wait till they
spring up and ripen, then gather the ditterent plants which are
produced into separate heaps. In this way we obtain pure cul-
tures of all the different plants represented in the original hand-
ful of invisible seeds.

In applying this prineiple to the pure cultivation of micro-
organisms we proceed as follows: Having melted three tubes
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of nutrient gelatine by gently warming them over a gas flame,
we transfer to one of them, on the point of a platinum needle, a
small quantity of the material which we wish to examine, and
shake the gelatine gently to distribute the miero-organisms
throughout the mass. The quantity of soil in one tube is,
however, so small, and the organisms would lie so closely
together that we would not be able, as a rule, to distinguish
between the separate colonies. We consequently transfer, on
a loop of platinum wire, three or four small drops or beads
from the first tube (first dilution) to a second tube (second

Fia. 15.

CoLOXIES FROM THE PLATE ILLUSTHATED I¥ Fic. 15,
rxpER A PFowenr oF Firry INAMETERS.

it, B, =, of, Colonies of four kinds of bacteria
«, Mould colony.

dilution), and if thought necessary six to eight beads from the
second to a third tube (third dilution). We now pour the con-
tents of the three tubes upon three separate plates, which are
put into a damp chamber as soon as the gelatine has solidified,
If the plates are examined after about forty-eight hours, we
will find, as a rule, that the first dilution has become completely
opaque, through the development of innumerable colonies; the
second plate will appear thickly studded (Fig. 16) with mostly
whitish points (colonies), while the third plate will show but
very few colonies, or possibly none at all. The number of
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colonies on the different plates will of course depend upon
the number in the original material. In these colonies we
have pure cultures or growths of all the different organisms
present in the material used, as far as they are cultivable in
welatine. At this time, but much better a day or two later, it
may be seen by the unaided eve (better, naturally, under a low
power of the mieroscope) that the colonies do not all present
the same appearance. In color they may be white, yellowish,
dirty white, gray, brownish gray, brown, orange, red, ete., or
they may impart color to the gelatine; they may be perfectly
round or irregular, thick or thin, transparent or opague, moist
or dry, homogeneous or knotty, soft or cartilaginous, ete. Some
liquefy the gelatine, others do not.  Under the mieroscope, other
differences of structure not dizscernible to the naked eyve may be
made out.  (See Fig. 17.) By transferring one or more colonies
of each kind to tubes of gelatine or agar-agar, as deseribed
below, we obtain larger, pure growths, in a form in which they
may be kept a greater length of time without becoming impure.
Tesr-rue CULTURES.

When it is desired to obtain pure growths in larger masses,
and in a form in which they may be kept for a longer time, we
make use of the so-called tube cultures. These are obtained by
inoculating tubes of nutrient gelatine or agar-agar with sepa-
rate colonies, either from line or dilution cultures. Placing the
plate under a low power of the miecroscope (50 diameters), we
adjust an isolated colony, which we pick up with the bent point
of a platinum needle direetly under the miecroscope (an opera-
tion which requires some practice), and transfer at once to the
tube, puneturing the gelatine with the needle to a depth of
about one and a half inches, the tube being held in the left hand,
with the mouth downward, to prevent the falling in of germs
from the air. Larger colonies may be picked up without the
aid of the miceroscope, provided only we have satisfied ourselves
heforehand by the microscopic examination that the colony is
really isolated, and that no small colony of some other species,
invisible to the naked eye, is lying near it. These test-tube
erowths also generally furnish a ready means of distinguizshing
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between different species (Fig. 18, and plate, Figs. 1-4), although
sometimes two different organisms grow so nearly alike that
they cannot be distinguished by this means alone.

Fia. 18.
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TestT-Tree CULTURES oF THREE INFFERERT BACTERLA.
All of enme age.

Pure cultures in bouillon are obtained in the same manner,
though in this case we naturally cannot invert the tube, and
particular caution is requisite to prevent impurification during
the process of inoculation.

Ortper Sonip Crrrure MEDIA.

It sometimes happens that two different micro-organisms, culti-
vated on gelatine or agar-agar, present characteristics of growth
so similar to each other that it is not possible to distinguish be-
tween them, or that they do not grow at all on these media. In
such cases we have recourse to other media, such as eoagulated
blood-serum, boiled potato, boiled egg, starch-paste, ete. I can-
not enter into a description of the method of preparing blood-
serum. Any one wishing to undertake this by no means very
easy task, must refer to the works on this subject. I would
certainly advise any one, unless he needs a very large quantity
of the material, to buy it, if possible, already prepared. It is
congealed, after sterilization, in shallow glass vessels, or in
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test tubes placed obliquely, so as to obtain the greatest possible
surface,  Only line or puncture eultures can be made with this
material ; it is particularly adapted to the cultivation of the
tubercle baecillus, the bacillus of glanders, and some other patho-
genic micro-organisms,

Boiled potato is a medium of great value in the determina-
tion of bacteria.  No medium, however, requires greater care in
preparation and after-treatment than this, in order to obtain sat-
isfactory results.  Any sound potato which docs not become mealy,
or erack open on boiling, will do for the purpose; it is first thor-
oughly washed and brushed, and all defective spots and deep eyes
being removed, it is placed for one hour in a 5 to 1000 solution of
bichloride of mercury, then in a steam sterilizer for one-half an
hour toone hour. Inthemean timethe damp chamber is sterilized,
and the bottom lined with filter-paper wet with sublimate solu-
tion, 5 to 1000. The potatoes are, while hot, removed from the
sterilizer with sterilized forceps, cut into halves with a cold ster-
ilized knife, and placed directly upon the sublimate paper (the
cut surface up) and the cell closed.  Potato sections prepared in
this way should remain unchanged indefinitely. When the potato
has become eool, the cover of the cell is carefully removed, and
the micro-organism which is to be cultivated is spread upon a
space about as large as a dime, in the center of the section. Miero-
organisms which morphologically, as well as in their reaction
upon gelatine, agar-agar, and blood-serum, show no appreciable
differences, may sometimes be easily distinguished by aid of the
potato eulture. The potato ecan seldom be used to prepare
pure cultures. It is chiefly used as a reagent in distinguishing
between growths already in pure culture. For example, all
comma bacilli yet discovered grow on potato, except the one
found by Deneke in old cheese, which does not develop at all
on potato, and is thereby at once distingunished as an entirely
different bacterium,

Eggs may often be used to great advantage. They are pre-
pared as follows: The firesh ege is placed in sublimate, 5 to 1000,
for ten minutes, then in the steam sterilizer for one hour. The
cell for eges is prepared as for potatoes, except that a sterilized
glass plate, resting on a glass bench, is placed in the bottom to.
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support the egg sections.  As the egg must be handled with the
fingers, the hands must be thoronghly washed, then soaked in
sublimate, 5 to 1000, and then washed again in absolute alcohol, to
remove the sublimate. The eggs are shelled while still hot, and
eut into two, three, or four sections. They are vaccinated in
points, upon the white; the yellow is not so well adapted to cul-
ture experiments, since it cannot be eut with a smooth surface.

I always keep on hand sections of potato and egg, also tubes
of gelatine, agar-agar, and blood-serum ; and when in my praec-
tice particularly good material, or anything uncommon, presents
 itzelf, a portion of it is at once transferred to these different cul-
ture media, so that it is pretty sure to develop in one of them
at least. Forexample, I have several times met with a bacterium
in the human mouth which produces a yvellowish coloring-mat-
ter, and which absolutely refuses to grow on am‘tl:lnrr which I
have tried, except potato.

Liguip MEDIA.

For studying the various processes of decomposition, fermenta-
tion, putrefaction, ete., brought about by bacteria, a great variety
of liquid media have been employed. One which I have used
extensively consists of water 100.0, peptone 2.0, sugar 1.0, beef’
extract 1.5, with occasional additions of starch. This I have
found very well adapted to the culture and study of many oral
bacteria. Other media are milk, urine, bread-juice, juice of
fruits, decoctions or watery extracts of various plants or grains,
galiva (to which, however, nutrient material must be added), ete.
These may also be combined with each other in various propor-
tions.

APPLICATION OF THE ABovE METHODS To CULTIVATIONS FROM
g Humax MouTHh.

For general work on the bacteria of the oral cavity the best
medium, in my opinion, is presented by neutral beet-water-pep-
tone-sngar-agar-agar. On this medium I first make line cul-
tures (which may be supplemented by dilution cultures at the
same time), and then for the further study of the micro-organ-
isms cultivated I make dilution cultures on gelatine, ete. It often
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happens, however, that bacteria which we have obtained on agar-
agar do not grow at all on gelatine, because of the low tempera-
ture at which 1t must be kept, just as it may also happen that
cultures made from the saliva on gelatine may develop nothing
whatever, although the saliva at the time may have contained
bacteria enough. 1If, therefore, I wish to obtain cultures from the
deposits or acenmulations, secretions, ete., of the human mouth,
I make line cultures on agar-agar, either alone or supplemented
by dilution cultures on gelatine. For particular purposes, as in
the attempt to enltivate the Spirillum sputigenum, ete., I would
of course employ various other materials.

Pure cultures of the bacteria of tooth-decay T obtain by the follow-
ing method, which varies somewhat, aceording to whether we
wish to seeure cultures from the surface or from the deeper part
of the dentine: In the former case, after having removed the
remains of food from the cavity of decay, I scrateh out a small
portion of the decomposing dentine with a sterilized excavator;
this is then transferred to a plate of agar-agar in the manner
above deseribed. To obtain a pure culture from the deeper
parts of the dentine, I first wash the tooth in a stream of pure
water and place it for some minutes in a 5 per cent. solution
of carbolic acid, also brushing carefully with the same solution,
so as perfectly to remove all traces of food and to destroy those
bacteria which are found only on the surface. I then dry the tooth
with sterilized bibulous paper, and remove the outer layers of
decayed dentine with a sterilized, spoon-shaped excavator. With
a second excavator I remove a second layer, with a third a third
laver, and so on, till 1 arrive near to the border of the sound
dentine; or, I undereut the decayed dentine at one side of the
cavity with a sharp instrument, and, grasping the detached edge
with a strong pair of pliers, I shell out the largest part of the
decayed matter in one piece. In either case I then detach a
small portion of the decayed dentine from the bottom of the
cavity, and place it in a drop of sterilized water, where it is torn
to pieces with two stiff’ needles, or fine excavators. With these
pieces, and with the water, the agar-agar plate is then inoculated.

At the same time dilution cultures may be made upon plates
of nutritive gelatine. These must of course be kept at a lower
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temperature, in consequence of which the bacteria do not develop
so rapidly as they do on the agar-agar plates; sometimes no
development whatever takes place. The thought natarally pre-
sents itself to every one, that the bacteria growing in the deeper
parts of dentine may not develop under free access of air.
Accordingly, small pieces of decayed dentine should be placed
in tubes of melted gelatine or agar-agar, and allowed to sink
to different distances from the surface, where, on the medium
becoming solid, they obtain but a very limited supply of air.

To obtain « pure cultire ﬁ'!JHL (. gangrenois jr!?-ff]rl, I {r:ll'l.*ﬂl"_r
cleanse and sterilize the tooth as before, so as to be absolutely
sure that no living germs are present upon the surface; [ then
split the tooth by means of a pair of sterilized incising foreeps.
Very often the tooth may be split without the forceps coming
into contact with the pulp, in which ease the pulp, or portions
of it, may be lifted from its bed by means of a nerve-needle,
and transferred to a drop or two of water or gelatine. It is then
torn or picked to pieces so as to liberate the baecteria, after
which it may be drawn several times across the surface of the
agar-agar, or the inoculations may be made from the water.

For such micro-organisms as grow at low temperatures, gela-
tine forms a muech more convenient material than agar-agar;
furthermore, differences of growth are much more readily recog-
nized on gelatine than on agar-agar. Consequently, we should
not rely upon cultures on agar-agar alone, but all of the bacteria
which we succeed in enltivating on agar-agar we should likewise
attempt to cultivate on gelatine. The majority of them will
grow, though by no means all of them.

The great advantage possessed by the solid culture media
over liquid media, consists in the fact that each germ must re-
main at the point where it is at the time the media becomes
solid. A number of different kinds of micro-organisms, there-
fore, on a plate of gelatine, may develop without mixing together,
each one remaining as a pure culture, whereas in liquids they
would naturally mix, thereby causing an impure culture.
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PREPARATION OF NUTRIENT (GELATINE, OR AGAR-AGAR.

Having prepared the solution which we wish to make the
base of our nutrient gelatine, we add to 100 grams of the solu-
tion 5 to 10, or even 20 grams, of the finest gelatine cut into
small pieces, and allow it to stand one-half hour to one hour,
when the gelatine should be completely dissolved by gently
warming the solution, and earbonate of sodium carefully added
until the reaction becomes neutral, or very slightly alkaline.
Tt is then boiled for about an hour, in order to effect a com-
plete precipitation of the salts and coagulable substances (other-
wise the medium when done will appear cloudy), and while
hot filtered directly into test tubes, or into flasks from which
it may subsequently be transferred to the tubes, each tube re-
ceiving about one and one-half to two inches. The tubes are
then exposed to steam at a temperature of 100° C. in the steam
sterilizer for one-quarter to one-half hour. Twelve hours later
they are again exposed for the same length of time, which will
usnally suffice to effect a complete sterilization of the contents.

A solution which I have used very frequently consisted of
water 100.0, peptone 2.0, sugar 1.0, beef-extract 1.5, to which five
to twenty grams of gelatine is added, aceording to the strength
required. In summer 20 per cent. will often be found neces-
sary to prevent melting of the cultures at room temperature.
The beef-water-peptone-gelatine now so extensively used is made
in the following manner: “ One-half kilogram of good, finely
minced meat, is covered with 1 liter of distilled water, well mixed
and left for twenty-four hours in the refrigerator. It is then
pressed through gauze, and enough distilled water added to bring
the quantity up to 1 liter. To this water we add 10 grams of
dry peptone, 5 grams of table-salt, and 50 to 100 grams of gela-
tine” (Hiippe). As a universal enlture material for oral bacteria
this is improved by the addition of 10 grams of sugar. The
further preparation is conducted in the manner deseribed above.

Nutrient agar-agar is prepared in the same way as nutrient
gelatine, except that only 1 to 2 per cent. of agar-agar is added,
instead of 5 to 20 per cent.

Naturally, every intelligent experimenter will be able to vary
the culture medium according to the circnmstances, bearing in
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mind that for many bacteria it is absolutely necessary that the
character of the artificial enlture medium be very similar to that
of the substratum in which they are naturally found,

There are many kinds of bacteria which have not yet been
cultivated, and which are therefore styled strictly obligatory par-
asitic, which I doubt not would grow well enough if we were
able to prepare a medium for them identical with their natural
nutriment.

Execept for especial purposes, I would not advise any one whose
time is so limited a= that of a dentist or medical practitioner to
attempt to make his own gelatine or agar-agar, as he will save
much time in purchasing it already made,

Having obtained a pure culture of any given micro-organism,
the further study of it is to be directed to the following points:

1. Its morphology, development, ete., as revealed by high
powers of the microscope.

- 2. The characteristics of its growth on different nutrient

media.

3. Its behavior in regard to atmospherie oxygen.

4. Its physiological action (fermentation, putrefaction).

5. Does it possess diastatic, hydrolitic (inverting), or pepton-
izing action ?

6. Does it form coloring-matter ?

7. How is it affected by various antiseptics ¥

8. Does it possess pathogenic properties, and if so, what are
they ?

The first question is answered by direct microscopical obser-
vation of stained and unstained specimens, with the help of
good, homogeneous immersion lenses, particular attention being
paid to the production or non-production of spores, since this is
a matter not alone of botanical, but also of great hygienic inter-
est, inasmuch as the resistance of a bacterinm to devitalizing
agents is to a great degree determined by the presence or absence
of spores. A knowledge of the morphology and development
of a bacterium is not, however, essential to the study of questions
2 to 8. Pure cultures may be obtained and all desirable experi-
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ments made without a knowledge of the form of the given
bacterinm.

Question 2 is to be answered by examining the pure culture
on various nutrient media with the naked eye, or under weak
magnifying power.

Question 3 is most easily answered by placing a thin glass plate
or sheet of mieca, on the plate eulture ; if the bacterium be aérobie,
it will flourish only till the oxygen in the gelatine iz consumed ;
the colonies will consequently present a stunted appearance, If
it be anacrobie, the colonies under the mica will grow faster
than the uncovered ones. The experiment may also be made
in vessels from which the air has been exhausted, or in which
it has been replaced by hydrogen.

Question 4 is decided by eultures on different media, prin-
cipally on carbohydrates, then on albuminous substances, or in
mixtures of both, as they generally oceur in the mouth.

In order to answer question 5, enltures are made («) in amyla-
ceous substances, which, when the culture has obtained its full
growth, are to be tested for sugar: () in solutions containing
cane-sugar, which are tested for dextrose, levulose, ete., or as to a
change in their rotatory power; (¢) in solutions of albumen, which
are then tested for peptone, or on coagulated albumen, which
liquefies when the bacteria have a peptonizing action. We must
wateh the eourse of the fermentation, its duration, and especially
note whether acids are generated or not, and what they are.

(Question 6 is naturally decided by ocular inspeetion.

(Question 7 by the usual disinfecting experiments, some of
which may be found deseribed in full in Chapter IX.

The pathogenesis (question 8) must be determined by experi-
ments on living animals, for which purpose mice, rabbits, and
guinea-pigs are most commonly made use of; less frequently
dogs, fowls, or even sheep, calves, ete.

The material may be introduced into the animal body—

1. In form of powder, by inhalation,

2. With the food.

3. By cutancous inoculations (performed by slightly scratch-
ing the purified skin with a sharp instrument charged with the
material to be tested).
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4. By subeutaneous inoculations. The hair is shaved or cut off
and the skin cleansed at some point which cannot be licked or
seratched by the animal, a fold of skin pulled up with the pincette,
and a slight incision made with a pair of sterilized scissors. The
skin is then loosened from the subeutaneous tissue =0 as to form
a small pocket, into which the material is brought on the point
of an instrument or platinum wire,

5. By intravenous inoculations, best made in rabbits by injeet-
ing the large vein at the base of the ear.

6. By injecting the material directly into the pleural or the
abdominal cavity.

Less frequently, more difficult operations are undertaken for
injecting or applying the material to varions internal parts of the
body,—for example, into the duodenum, to avoid the action of
the gastrie juice.

ExaMINATION oF MICRO-ORGANISMS UNDER THE MICROSCOPE.

Bacteria are frequently examined in a fresh (living) condition,
in order to determine whether they are motile or not, but more
particularly to study their mode of development. A small
quantity of the material to be examined is brought upon a glass
slide in a drop of pure water, and covered with a cover-glass,
when it is ready for examination under the microscope. For a
more careful study the method of hanging-drops is unsed. A
drop of bonillon on a cover-glass is inoculated with a very
minute quantity of the material (pure culture), and the cover-
glass placed with the drop on the under side upon the concavity
of a hollow object-glass (Fig. 18 «), the sides of the cover heing

Fig 18a

Drop-CULTURE.

then fixed to the slide (object-glass) by means of wax, fat, or
paraffine, to prevent evaporation. The development of the bac-
teria may be observed for hours in succession. If it is desired
to maintain a constant temperature above that of the room, the
heatable object-table may be used.

ok
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The study of bacteria in an unstained condition is, however,
always attended with considerable difficulty, and their detection
and differentiation in tissues, or when mixed with various organie
matters, s sometimes impossible.  These difficulties are in a great
measure, and in fact usnally, entirely overcome by first properly
staining the micro-organisms with some one of the basic aniline
stains above mentioned.

For examining bacteria in liquids we employ the

f'ﬂr'rf‘- f,'.ﬁ,;,q,».- f’;';j;in'rrr!;rum.

A minute guantity of the material to be examined (pure cul-
ture, or any =oft substance supposed to contain bacteria) is spread
over the surface of a cover-glass in a small drop of water and
allowed to dry in the air (or the material is crushed in water
between two cover-glasses, which are then pulled apart so that
each receives a coating). The glass i< then slowly passed three
tirnes through the flame of a spirit lamp or Bunsen burner, to
fir the material, and two to three drops of the stain (aqueous
solution) applied by means of a glass rod. The staining requires
from thirty seconds to ten minutes; by tilting the glass to one side
it iz easy to see when the preparation has taken on the coloring-
matter. The excess of staining matter is then removed with a
centle stream of water, or by floating the cover-glass in a vessel
of pure water, when the preparation may be placed upon a slide
and examined under the microscope. For permanent prepara-
tions the cover-glass, after washing, 18 dried and mounted in
Canada balsam.

Inorder to stain the spores, float the cover-glass from ten min-
ntes to one hour on a hot concentrated solution of fuchsine in ani-
line water, wash oft’ the excess ot eoloring-matter, and treat the
preparation for a few seconds or minutes with absolute aleohol
containing a trace of fuchsine. Then stain in the usual manner
with methylene blue (Hueppe). The bacilli appear blue, the
spores red. Instead of fuchsine and methylene blue, methyl
violet and vesuvine may be used.
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Tissue Preparations.

It would lead us too far to attempt to give an idea of all the
many methods employed in staining bacteria in tissues, [ refer
accordingly to only one or two:

Lifiler’s method. The sections are brought for a few minutes
into the strong alkaline solution (concentrated aleoholic solu-
tion of methylene blue 30 c.em., caustic potash (1 : 10,000)
100 e.em.), then they are washed in 0.5 per cent. acetic acid, de-
hydrated in absolute alcohol, cleared up in oil of cedar, and
mounted in Canada balsam,

Gran’s method. Seections are placed first in aleohol, then in
the aniline water-gentian violet solution a few minutes, then in
the iodine solution for one to three minutes, then in ab=olute
aleohol till they lose all visible color. Clear up n oil of cloves,
and mount in Canada balsam ; or, better, after Griinther, stain one
minute, the iodine solution (page 51) two minntes, alcohol one-
half minute, 8 per cent. hydrochlorie acid in aleohol exactly ten
seconds, then alcohol, oil of cloves, ete.

To obtain double coloring, bring the sections, stained in gen-
tian violet, from the alcoliol into an aqueons solution of vesuvine
for some minutes, then again into absolute aleohol, clear up, and
mount in Canada balsam.



CHAFPTER IV.
BIOLOGICAL STUDIES ON THE BACTERIA OF THE MOUTH.

[r we compare the life-conditions of bacteria as deseribed in
Chapter L. with the conditions prevailing in the human mouth,
it becomes evident that the oral cavity must be an excellent
breeding-place for these organisms. Itis equally clear that both
their number and variety are continually being angmented by new
germs which enter with the air, food, and drink. In the course
of a few years hundreds of kinds of bacteria would therefore
become established in the mouth, if' the majority of them did
not perish, sooner or later, in the struggle for existence. Any
one, therefore, who continues the search for oral baeteria, by
means of the modern culture-methods, for a long period of time,
will continnally meet with new kinds, until at last all enltivable
micro-organisms, whose germs occur in the air, in food and
drink, will have been found in the oral cavity. Within the
last few years I have isolated more than one hundred different
kinds of bacteria from the juices and deposits in the mouth.
A number of these were identical with well-known and widely
distributed species (for example, hay bacillus, potato bacillus,
lactic acid bacillug, bacillus of green pus, Micrococcus tetragenus,
Myecoderma aceti, Staphylococeus pyvogenes aurcus and albus,
ete.), while others appeared to be new kinds, although I was not
able, on account of the great number, to attempt in every case to
establish the identity or non-identity with known species.

[t-must be supposed that the occurrence of many of these
bacteria in the mouth was purely aceidental, that they had
entered the oral cavity but shortly before the examination was
made, and disappeared again soon after. Some years ago, I found
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in the month of a patient soffering from acute gingivitis, a
spirillum very similar to, if not identical with, the bacillus of
Finkler-Prior. Repeated efforts, made a few days later, to
obtain this bacterium from the same mouth, proved futile. Ina
like manner I was able to isolate the vinegar bacterium from my
own saliva, after having drank a glass of beer in which this par-
ticular organism was present in large numbers; on the follow-
ing day my endeavors to find it failed, doubtless because this
bacterium cannot bear the high temperature of the mouth for
any length of time.

There are, however, a number of bacteria which almost
invariably occur in every mouth, and which may be termed

Mouvrn DBacreria Proper.

These are:

1. Leptothrix innominata.

2. Bacillus buecalis maximus.

3. Leptothrix bueccalis maxima.

4. Jodococcus vaginatus,

5. Spirillum sputigenum,

6. Spirochmete dentium (denticola).

These bacteria occur in every mouth; sometimes even an
almost pure culture of No. 5 is found. They all have the pecul-
iarity that they will not grow on any of the usual culture media.
All endeavors at cultivation—and thousands have been made—
proved unsuccessful. I have myself made hundreds of attempts
to cultivate them on all the various solid and fluid media. For
these experiments I had excellent material. My errand-boy had
a very carious right inferior molar, covered with tartar and
deposits, the surrounding gum being slightly inflamed. In the
cavity I found an almost pure culture of Spirillum sputigenum,
and on the margin of the gum one of Spirochwmte dentium.
During several months I made cultures almost daily; first, 1
tried the unsual Koch nutrient media, beef-water-peptone-gela-
tine, blood-sernm, agar-agar, potato, ete. These experiments not

“succeeding, I varied the media by adding different substances,

such as sugar, starch, ete., and by using saliva instead of water
as a solvent. [ also employed weak alkaline and acid, as well as
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neuntral media. Finally, T adapted my experiments to the boy’s
food, and made up a mixtare whose composition showed the
greatest possible similarity to the contents of the cavity. T fur-
thermore tried dentine glue instead of gelatine, which I pro-
eured by boiling decalcified teeth. Nevertheless, all these
attempts remained froitless.  Only line cultures afforded a very
limited growth, but the colonies never developed more than
fifteen to twenty cells, and a transference to a second plate
proved futile, no further growth taking place. Vignal's experi-
ments in reference to this question will be mentioned later.

It is very easy, as has been done by a writer in the October
number of the Oest. Ungar, Vierteljahrssclrift fir Zalnheilkunde,
1889, who signs himself z, to account for the failure to enlti-
vate these micro-organisms on the assnmption that they are
strictly parasitic (vide page 17), and consequently eannot, under
any condition, grow when separated from their host. I find it,
however, more reasonable to explain the failure on the simple
ground that these bacteria are very sensible to slight changes in
the enlture media, and that no one has vet succeeded in construet-
ing an artificial medium sufliciently similar to that found in cer-
tain mouths to admit of their cultivation. I have by no means
given up the hope of yet obtaining cultures of’ these most inter-
esting forms.

We must guard against the very common error of considering
every thread-forming organism which occurs in the oral cavity,
or is obtained in pure culture from the juices of the mouth, as
¢ Leptothrix buecalis,” inasmuch as threads are formed by various
micro-organisms,

f:fl.l JI!-’JHH'-".:‘ fn!r'frfu!ri!.-"f.

Leptothrix bucealis iz a name chosen by Robin® for those
organizsms in the human mouth which were formerly described
as animaleula, tooth-animaleules, Biithlmann’s fibers, denticolse,
ete. Almost every living organism oceurring in the mouth was
designated by this common name.

Hallier,” and many of his successors up to the present time,
adopted this view. The motile bacteria of the mouth were
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regarded as the swarm-spores of Leptothrix bucealis, the immo-
tile (cocci, etc.) as the spores at rest.  “ Elements of Leptothrix
bucealis™ were found everywhere.

Leber and Rottenstein™ considered ** a beautiful violet color
produced by iodine and acids” as characteristic of Leptothrix
bueecalis, but we may easily convince ourselves that several
bacteria possessing this reaction occur in the mouth, and conse-
quently this does not especially characterize any particular kind.

Leptothrix bucecalis is now usually deseribed as long, thin,
apparently inartienlate threads, ete., while mouth-bacteria which
show the iodine reaction are distinetly and regularly articulated.

Vignal® has obtained in pure culture from the mouth a bac-
terium which he calls Leptothrix buecalis. It is characterized
by *la présence a Uintéricur des batonnets de cloisons transversales
HHLr les Pl"éﬁh‘l'fi!'fﬁm r'ﬂ_lra.."éf'.i‘ arvee les i'ar:ff_’grr.f {f'ff.uflfa'f.rr," ]{Dllill,ﬁ 01
the contrary, writes, * On ne remarque pas trace d’articulation dans
toute lewr longneur.” It is not stated whether this micro-organism
cultivated by Vignal shows the iodine reaction or not. In short,
the name Leptothrix buccalis designates no particular organism
possessing peculiar characteristics, and the name deserves to be
retained as little as * denticola,” * Bithlmann’s fibers,” ete. ; the
more o, since it has always been the expression for an obscure
and erroneous conception. Morphologically, as well as pbysi-
ologically considered, Leptothrix buccalis has been regarded as
a veritable wonder. It has been =aid to perforate and split up
teeth, its elements to cause all kinds of diseases in the oral cav-
ity, to penetrate into the lungs, the stomach, and other parts of
the body, and everywhere to manifest a destructive influence.
As absolutely nothing was known concerning the biology and
pathogenesis of this organism, all sorts of wonderful properties
were ascribed to it. It is therefore high time to banish this
confusing name from bacteriological writings.* For those
bacteria growing in threads, whose biology is too little known
to define their relation to other mouth-bacteria, or to form a

% Equally objectionable is the inclination of some obzervers to class everything
showing a sligcht contraction in the middle as Bacterium termo. This iz also a
term which, on account of its application by different authors to very different
organisms, might well be dispensed with.
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separate group with distinet characteristies, I propose the provis-
ional name of

Lflr.l.l“m'fri‘i".r' innominat,

Leptothrix innominata in this sense is found in the soft, white
deposit on the teeth (Leenwenhioek’s materia alba). It invar-
iably oeccurs in every mouth, but by no means always in the
same numbers, In one case it may be found in masses, in

another but very sparingly. If
Fig 19. +  a portion of this white deposit
mixed with water be brought
under the microscope, we see
different sized heaps, apparently
consisting of small, round gran-
ules, from whose margins thin,
more or less zigzageed threads
project (Fig. 19). These gran-
ular masses form the so-called
“matrix of Leptothrix bue-
Grove oF Bacremia veow tie Howax  ealis,” and were formerly re-
t Lt-ptu!in'ixinn?rinlnlitu:l.ll:: . Varionz Rod- gill"l.lﬂd R S]'Iﬂrl.‘.:ﬁ; tllc;}"
and Coecus-forms. are, however, partly mierocoecei,
which have no genetic connec-
tion with the threads, and partly only crossings of the threads
themselves. The length of the threads varies considerably ; they
are from 0.5 to 0.8¢ broad, twisted and tortuous, immotile, inar-
ticulated ; they geunerally show an irregular course, and often
appear degenerated, or even lifeless.  Many shorter threads or
rods will also be found, that resemble fragments of the threads,
and may be regarded as such, or as younger cells,

If a small quantity of the white deposit iz brought into a drop
of a solution of iodine in iodide of potassinm slightly acidulated
with lactie acid, it will be observed (under about 350 diameters)
that the larger part of this substance, cousisting of epithelium,
masses of micrococed, and diverse rod- and thread-shaped organ-
isms, assumes a faint yellowish or yellow color, as do also the
irregular projecting threads of Leptothrix innominata.

As a rule, however, we find also chains of cocci, either scat-
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tered or in small groups, and thick baeilli, distinetly colored blue
violet. These twokinds, which I have entitled Jodocoecus vagi-
natus, and DBacillus bucealis
maximus, [ shall now de-
seribe more at length. Other
mouth-bacteria with a simi-
lar reaction are mentioned
below.

Fra. 20.

Baeillus bucealis marimus

appears in the shape of iso-
lated bacilli or threads, but
muech oftener as tufts of
threads, parallel to or cross-
ing each other, from 30 to
150p long, and distinetly ar-
ticulated (Fig. 20). The rods N\
are fI‘I}I’[l 2 to lﬂ"fﬂ ]“ng, s0me- FascicLE Uf ]i.ucu-.t.l:'-s H1'1.‘t"j..!|..T:i MAXIMUS.
times even longer, and from Gtuyl il N e sty 408 1
1to 1.8y broad. This bacterium is therefore the largest occurring

Fie. 21,

BaciLLUus BUCCALIE MAXIMUS,
After treatment with iodine solution, 18500 : 1,

in the mouth; it has a very regular contour, and usually the
same thickness throughout. (b, Fig. 21, is an exception.)
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Not all the eells of this bacterium show the iodine reaection, a
statement which applies equally well to most bacteria that turn
blue on the addition of iodine. The majority of them, how-
ever, respond very distinetly to the test, he:mumg stained hmwn
violet, either thruuwlmnt (Fig. 21, @) or only in isolated places
(Fig. 21, 6). I hm.e not observed this bacillus in the dentinal
tubules; indeed, its size would seem to oppose a barrier to its
entrance into the tubules. The size, the distinet and regular
articulation, the absence of the zigzag windings, as well as the
iodine reaction before mentioned, hinder me from admitting
this miero-organism into the evelus of the above-described Lep-
tothrix innominata.

f__.f{llr}.l"ﬂ.f.;.-;';_f' Ill,ll'.l‘f‘r'-l'fh:\i .m{.[.r'i'f.ilhr,

There is also found in the mucous deposits upon the teeth quite
a large number of long, thick, straight, or curved filaments,
which show a marked resemblance of form to Bacillus bucealis
maximus, except as regards the joints, which are, perhaps, some-
what shorter in the latter. These cells do not give the iodine
reaction.  Whether they are, theretore, to be regarded as a differ-
ent variety, or as cells of the same variety, in which the substance
which assumes the blue color is not yet formed (possibly younger
cells), must for the present remain undecided. 1 have called
thiz organism Leptothrix buececalis maxima.

Jodovoceus vaginatus,

FiG. 22 ¥

2 This micro-organism oceurs in consid-
% i § & erable numbers in all unclean mouths.
B . § % i} Only in the case of two children, aged five
2 &° “. aa and eight years respectively, have I failed
i i g. to find it. It appears singly or in chains

Tonacoreris vaaane, | 0f from 4 to 10 cells, longer being rarely
1100+ 1. seen. The chains are furnished with a
sheath in which the cells appear -as flat

disks, or as more rounded, even square shapes, which some-
times show a great likeness to tetrads (Fig. 22). The chains
have a diameter of 0.75s  Oceasionally ehains are found in
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which one or more cells are missing, i.e. have escaped from the
sheath; others again, whose sheaths have burst, while the
separate members have not entirely severed their connection with
the chain. Sometimes the remains of the broken sheath may be
easily detected ; it does not show the 1odine reaction, but remains
colorless, or becomes yellowish after the continued action of the
reagent.  The contents of the cells are always stained dark blue
to violet by iodine.

Spivillum  sputigenum.

Spirillum sputigenum also oceurs in every mouth, but in vary-
ing proportions. In mouths properly cared for it will be found
only in very small numbers; in neglected mouths, however, it
often exists in enormous masses. If a small quantity of' the soft
deposit on the margin of the inflamed gums is taken from an
unclean mouth and brought under the microscope, we some-
times find an almost pure enlture of Spirillum sputigenum, or of
Spirocheete dentium. The former occeurs in the shape of rods,
curved like commas, which show very active spiral movements.

By the growth of the rods, where fissation does not oeceur,
or when the separate rods remain connected with each other,
S-forms and short spirals are produced. (See Figs, 23 to 29.)

This bacillus was regarded by Lewis, Klein, and others as
identical with the cholera bacillus, a view which a more careful
study of these two morphologically similar organisms will show
to be incorrect. I have given an exposition of the real relation
of the eurved bacilli in the oral eavity to the cholera bacillus, in
the Deutsehe wied. Woelensehr® From this source I quote the
following : Prof. Lewis’s communieation on comma bacilli in the
human mouth has added extraordinary interest to the study of
the fungi of the oral cavity. As isknown, Lewis®™ discovered(?)
a curved baeillus in the muens of the mouth, which in form, size,
and color-reaction is said to correspond to the cholera bacillus
and consequently to be identical with it. Its oceurrence in the
month is, however, by no means a discovery of Prof. Lewis’s,
but a long-known fact. I mentioned it in the Transactions of the
Botanical Society, 1883, p. 224, and expressed the opinion that
it belonged in the cyclus of development of Spirochwte dentium,
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since I was able now and then to find cells of this organism,
which were composed of a series of short comma-like joints, in
my own specimens.” The fact that the comma bacilli of the
month take up coloring matter so much more easily than do the
Spirochsmetes, does not, however, favor this supposition. I have
also referred to this spirillum in Klebs's Archives for 1882, Vol.
XVI, where a diagram of it will be found on Plate VII, Fig. 2.
Furthermore, F. Y. Clark regarded it as the caunse of dental
caries as early as 1879, and called it * dental bacterium.” He
deseribes it as ¢ half U-shaped, having screw-like movements.”
According to my experience it is to be found in every mouth,

Fra. 28. Fis. 24.

l'llr" = I

s ':r,-" Y,
/-‘"\_/’r-\: N N

i = %

8 o€/ % W

x L% a i‘ §
é § 4

C ‘.-_l[. ”

/ E M

Corver Bacinnl, SPIRILLA, ETC., i %} -3

FROM THE MouvTs E
11080 : 1., Creven
BacinLi 1% a

DEXTINAL

CAaXal.

11 : 1.

mixed with numerons other bacteria (Fig. 23). It frequently
oceurs in extraordinary numbers, exceeding all other forms put
together, especially in cases where for some reason or other
a slight hyperemia of the gums has supervened. If a pointed
instrument be introduced under the reddened gums, any desirable
quantity of comma bacilli and Spirochw®tes may always be ob-
tained. Between the teeth and in eavities of decay I have found
it much more rarely. Now and then variously curved and
twisted micro-organisms are met with in the dentinal tubules;
the irregularity of the curves leads us to the inference that in
most of such cases they are due only to the contracted space
which does not admit of the organisms growing in straight lines
(Fig. 24). Although I obtained nearly pure material in several



BIOLOGICAL STUDIES ON THE BACTERIA OF THE MOUTH, 17

cases, and used all possible kinds of nutrient media, I did not suc-
ceed in producing the slightest growth of this fungus. On gela-
tine and agar-agar with beef-extract, calf’s broth, and beef-water-
peptone, saliva, ete., also in Huid media at various temperatures,
no development ever took place.

This fact alone is quite suflicient to establish the total differ-
ence of the organisms under consideration from the cholera
bacillus, which, as is well known, grows very well on artificial
culture-media. It is, however, to be hoped that a pure culture
may yet be procured, since it is in itself an organism of great
interest. But Spirillum sputigenum is not the only fungus oceur-
ring in the human mouth which produces curved rods.  Another
kind, not diflicult to enltivate, occurs in

ghort, plump, tapering rods, generally united Fie 25.

in pairs, some of which show a shght cur- l..f, P

vature (Fig. 41); this is partienlarly observed ity 31‘\:"3

in rods undergoing fissation. This bacterinm C ué' c4b

18 motile, grows well at room temperature, 'l’ q,"} ”;

and quickly liquefies the gelatine. ke 1
A third mouth-bacterium, which I have OGN Y LS

already described in the Independent Proc- PEOM A CULTURE OF

titioner® and in No. 36 of the Deutsche med., T

Woelensehr., 1884, occurs in the form of 1100+ 1.

delicate rods of varying length, sometimes

straight and sometimes so eurved as to form the arc of a circle,
two rods together making the letter O (Fig. 25). The cells vary
in form to such an extent that I first supposed I had an impure
culture before me; the attempt to separate them, however, did
not sueceed. Later, on observing various forms on one thread
(Fig. 25, ¢), I beeame convineed that they belonged to the same
fungus. The rods show every degree of ecurvature, from the
straight to the semicircular. Two united rods sometimes form
an 8-, more frequently an O-shaped figure; in some ecases the
rods are so combined that they are scarcely distingnishable from
cocei (Fig. 25, 4). DBy the fissation of the rods, chains of coeci are
formed, as is best seen in old cultures. No formation of spores
was observed, and, examined in a hanging drop of bouillon, the
rods displayved no motion.
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On account of its slow growth on gelatine, its pure eulture
from saliva or dentine is connected with many difliculties. Cul-
tures made of microscopically pure material offer nothing re-
markable, as I have stated in a former communication. No
growth occurs on the surface, nor does a liquefaction or evapo-
ration of the gelatine take place. Its identity with the cholera
bacillus is, therefore, quite out of the question. A true spirillum
which possesses much more similarity to the comma bacillus of
cholera asiatica, both morphologically and in the manner of its
growth, I obtained from the human mouth in pure enlture some
five years ago. The isolation of this bacterium was accomplished
in two cases by the use of coagulated beef-blood serum. The

Fia. 26. Fia. 27.
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material from which the cultures were made was, in each case,
found under the margin of inflamed gums, in unhealthy mouths.
Morphologically, this bacillus is very similar to the other well-
known comma bacilli, occurring as commata, either singly or
in twos (Fig. 26), or in spirillum form (Fig. 27). In old cultures
on gclatine, all the commata sometimes grow out into spirilla,
giving a pure spirillum culture. Cultivated on plates of beef-
water-peptone-gelatine, at 20° C., they appear after twenty hours
(in the second dilution), under a power of 100 diameters, as per-
feetly round, finely granular colonies, with a smooth border and
brown color; in the same time the first dilution will be com-
pletely liquefied. They liquefy coagulated blood-serum with
oreat energy, as do the other comma bacilli. On the surface of
agar-agar they form a yellowish coating, and convert the medinm,
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superficially only, into a paste. They grow slowly on boiled
potato. I have, consequently, not yet been able to establish any
definite peculiarity of growth., The reactions of this bacillus are
such as at once establish the fact that it is altogether a different
organism from the comma bacillus of Koch. It possesses, on
the other hand, many of the peculiarities of the Finkler-Prior
bacillus. Whether it is identical with this organism has never
been determined beyond all doubt, though most bacteriologists
believe it to be so.

It must be remarked that this organism is not the one which
is constantly to be found in every mouth. This grows rapidly
on ten per cent. gelatine, while the latter appears to be unable to
grow at all on the same medium.

Not one of the many forms of micro-organisms, curved or
otherwise, which I have obtained in pure culture from the human
mouth, is for a moment to be mistaken for the bacillus of Koch.

I have before shown that micro-organisms oceurin the mouth,
which are not destroyed by a solution of artificial gastric juice,
so that they may pass through the stomach into the intestines
and still retain their power of reproduction.

That this should also be the case with curved Fia 28.
baeilli occurring in the mouth, is not at all impos- I= ¢ Iy
gible. On the contrary, it is to be expected that, \ {] ,5,:_
under certain conditions, they will be able to pro- \ v
liferate in abnormally large numbers in the intes- .j

tines.
. - . E CURVED

In my own fweces, during a slight diarrheea, Bl
eurved bacilli, as well as Spiroch:wetes, were found 5:;‘::“-;_—_’:“{'::*:“
in small numbers (Fig. 28), but they proved as 1100 1.
uncultivable as the similar bacilli of the month.

As a matter of course, the simple oceurrence of a curved rod in
the evacuations will not prove its specitic character.

The above examples will suffice to demonstrate the existence of
various screw-forms, which bear no more relation to each other
than do the various species that oceur in the form of cocci. They
further show that the form of a fungus alone by no means always
entitles us to draw conclusions as to its specific character. In
doubtful eases this point can be decided by pure cultures alone.
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-‘*':,rﬁ-'il‘u-'!'aui-"r dentivm.,

Spiroch:ete denticola (Spirochsete dentium, tooth spirochaete) is
not found in decaying dentine, but in the same places in which
Spirillum sputigenum is found, .., under the margins of the
gums, when they are covered with a dirty de-
posit and slightly, inflamed,—in other words,
in cases of gingivitis In.u{rimllh This bac-

terinm exhibits spirals from 8-25¢ long, of
very irregular windings and uuer.jual thlLk—
f’f ness, which manifest a great difference in their

( affinity for coloring-matter. The thicker
\ ones usually take it up much more readily

ffﬁ;rf AN

Fia. 20

than the thin ones; they also have fewer and
broader windings (Fig. 29).

[t is a question whether we have not to

.-,.:E.,:,I..,I,i_'_iw_;l;:r:;il:,H,._ deal with two different organisms, the thicker

O T of which mayv possibly represent a stage of

development of Spirilium sputigenum. The

development and pathogenesis of Spirochete

dentium is as obscure as that of the other above-mentioned

nneultivable mouth-bacteria.  Neither do we know anything

definite as to their vital conditions and manifestations (fermenta-

tion, pathogenic action, etc.).

110nr: 1.

MovuTH-BACTERIA WHICH ARE UNCULTIVABLE AND WHOSE PatHo-
GENESIS IS UNKNOWN.

Under this head belong all the mouth-bacteria proper, as well
a2 a bacterium of enormous dimensions which I discovered in
great numbers in the mouth of a dog suffering from pyor-
rheea alveolaris, and which I have dE‘:lf*n-.Itl.‘ll by tlw name Lepto-
thrix gigantea (Fig. 30). It appears in forms of tufts or fascicles
whose threads diverge from a point of adhesion in different
direetions, somewhat like those of Crenothrix. It forms cocci,
rods and threads, and therefore belongs to the pleomerphous
bacteria. The threads of the same tuft may vary considerably
in thickness, some relatively very thin, others very thick. The
larger threads often show a differcnce in diameter between the
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base and point; they sometimes appear straight, sometimes
irregularly curved, sometimes twisted in regular spirals either
throughout or only at the point or base. Now and then a spirulina
may be observed. I have not been able to determine whether
this fungns has any caunsal relation to the disease.

The question arises whether this organism may not also occur
on the teeth of other carnivora, or even of phytophagous mam-
mals.  In order to determine this point, I examined the teeth of
various animals and found very frequently leptothrix-like fungi
in the mouths of sheep, cattle, pigs, horses, and so forth.

[t can be determined by pure culture alone whether these
species of Leptothrix, oceurring in different animals, are identical
ornot. Some of them, at least, show morphologically great simi-
larity ; in general, however, those of the cat and rabbit seem to
be more delicate and thin than those of the dog.

MovurH-BACTERTIA WHICH GIVE A BLUE oR VIoLET REACTION WITH
lopixe.

Besides the Bacillus bucealiz maximus and Jodococens vagi-
natus, the following mouth-bacteria may be mentioned which
give the iodine reaction deseribed above:

a. A miero-organism which I shall for the present term .Jfodo-
coccus magnus ; large cocei or diplococei of differ-
ent sizes (Fig. 81). I first sueceeded in obtaining

Fic. 31.
d.. a pure culture of this micro-organism on a medinm
=] " W -
> 22,0 composed of equal parts of agar-agar gelatine and
[+ - ] 9 s " & = W ‘1 1 -
g . L @ a solution of dentine glue sufficiently thick to

become stiff at room temperature. In addition to

e L these ingredients, the medinmn contained 1.5 per
800 : 1. cent. of sugar and 1.5 per cent. of starch. If a
small quantity of the soft deposit upon the necks

of teeth be brought upon this medium after the manner employed
in making line-cultures, a copious growth of different micro-
organisms will be observed in twenty-four to forty-eight hours,
if kept at the temperature of' the human body. We now pour
a slightly acidulated solution of iodine in iodide of potassium
upon/the plate. The culture-medium itself becomes bluish, most
of the colonies yellowish ; some individual points, however, often

i T G
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display a violet color, and if the latter are immediately trans-
ferred to a new plate a pure culture of the given bacterimm may
be easily obtained. The brief period of action of the iodine
solution does not destroy these organisms, at least not all of them,
and eonsequently its application affords an excellent means of
determining and isolating them. They also flourish on ordinary
nutrient agar-agar, but not on gelatine at room temperature.
The reaction is best observed in media containing sugar, less
plainly in amylaceous media, When cultivated on the latter, the
colonies often show conecentrie varionsly-colored rings, thereby
giving rise to very delicate and pretty patterns,

In form and in reaction this micrococcus exactly coineides
with one which is found in carious dentine, and which produces
the violet color characteristic of decayed dentine on addition of
the iodine solution. The same has hitherto, without any defi-
nite reason, been considered as “* elements of Leptothrix bucealis.”
The cells of the Jodococeus magnus are on the average larger
than those of the coccus occurring in dentine; yet the difference
is not so great that it may not be explained by the great dissimi-
larity in the conditions of growth.

f. A small micrococeus, of which I have succeeded in obtain-
ing a pure culture recently, which, however, I have not more
closely examined. It also gives a blue to violet color with iodine.

¢. A micrococeus which gives a beautiful pink color under the
action of 1odine. I have observed a slight development of this
bacterinm on nutrient agar-agar, but have not been able to per-
petunate it in pure culture.

Other bacteria, which are colored slightly blue or violet by
10dine, also oceur in the mouth. Their reaction is, however, too
slight to justify a further examination in this connection.

I have furthermore obtained in pure cultures two yeast-fungi
from the mouth, which show characteristic reactions with iodine.

CULTIVABLE MoUTH-BACTERIA, PARTLY NoON-I’ATHOGENIC, PARTLY
oF UNKNOWN P'ATHOGENESIS.

The great number of different kinds of bacteria which have
been obtained in pure culture from the mouth has hitherto made
their classification impossible. We are also unable, with few
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exceptions, to state which of these bacteria occur most frequently
in the mouth, or under what conditions the different kinds
develop best.  Any one who makes an extensive series of eulture
experiments will soon be overwhelmed with such a quantity of
material that it will be impossible for him to work it up with
the desired thoronghness, 1 have myself made the mistake,
which I think others have made, of attempting the impracticable

Vamtovs Forus oF Bacteria prox THE Movth.

a, e, g, serew-forma; &, Cocci: o, Rodg: e, Corens-chain with sheath : i, Corens-chain (Strep-
toeoeei) ; f, Rod-chains: &, Varions thread-forms.

task of examining all the specics which I have isolated, instead
of concentrating my attention upon individual cases and study-
ing them thoroughly. Consequently only general results have
bheen obtained, and the researches of different authors have
repeated, instead of complementing each other. Some confusion
therefore exists in our conceptions of mouth-bacteria, which can
only be cleared up by an enormous amount of labor,

With the exception of Cladothrix and Beggiatoa, all of the most
common species of bacteria have their representatives in the oral
cavity (Fig. 32).



BIOLOGICAL STUDIES ON THE BACTERIA OF THE MOUTH. 85

Upto 1885, I had isolated twenty-two different kinds of’ bacteria
from the human mouth. A number of these are represented in
Figs. 33 to 44. In these figures 4 represents the form of the re-
spective colonies, on 10 per cent. gelatine, slightly magnified.

Ten of the twenty-two kinds mentioned appear in the form
of cocei; four of these are reproduced in Figs. 33-36: they are
of different dimensions, from very small, round cells (Fig. 33)
to remarkably large cocci, “ macrococei” (Fig. 36).

Fia. 33. Fia. 34. Fia. 35 Fig. 36.
5@ E e
Fiu. 37. Fia. 38. Fig. 89,
g o
Fic. 41.

Five appeared as short rods (Figs. 37, 38), six as somewhat
longer rods (Figs. 89, 40). A curved species, which liquefied
gelatine and produced a green coloring-matter, was designated
by the name Vilrio viridans (Fig. 41). One species (Fig. 42)
formed spirilla, another developed into long threads (Fig. 43).
One again formed long jointed threads, some of which were fur-
nished with sheaths (Fig. 44). Of thirty species eunltivated later,
eighteen were cocci, eleven rods, while one grew into threads.

In liquids three developed into rather long articulated or in-
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articulated threads, one kind occurred in spirillum form, eight
were motile, fourteen immotile,

Formation of spores was observed in three cases only, the
others appearing to develop by fissation alone; eight liquefied
gelatine.  Fourteen were cultivated on slices of potato, five of
them growing rapidly, one in particular soon spreading over the
whole surface of the slice and liquefying it completely to a depth
of one to two millimeters. The others did not thrive well on
potato. Of fifteen kinds which were cultivated on the white of
egg, four grew well, evolving considerable quantities of sulphu-
retted hydrogen (H,S) and later ammonia (NH,). The white
of ege was converted into a semi-transparent pasty mass, which

Fio. 43.

gradually disappeared. Seven grew slowly, and four not at all.
On seetions of normal undecalcified dentine certain baeteria
seemed able to exist for some days, presumably till the organic
substance exposed on the surface of the section was consumed.
No growth occurred on enamel.

These bacteria showed, as far as they were examined, differ-
ences in relation to the action of atmospheric air. Ten of them
were strictly obligatory aérobie, growing only with free access
of air: four were not strietly obligatory aérobie, growing better,
but not exelusively, when air was admitted ; eight were faculta-
tive aérobic, that is, they seemed to grow equally well with or
without oxygen.

If from the deposits about the necks of the teeth we make line-
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cultures on beef-water-peptone-sugar agar-agar, certain bacteria
will develop with tolerable regularity. Of these I think the
following worthy of mention:

1. A micro-organism occurring in somewhat irregular cocei
or diplococci, singly or in chains (Fig. 45). It produces small,
prominent, shining colonies resembling in older cultures tiny
glass beads; these colonies are further charac-
terized by their cartilaginous consistency, and Fra. 46.
by the fact that they cannot be taken up with the  §3%
point of the needle, but run ahead of it on the ‘p%’a i.x
surface of the plate. Under a low power the ®, A
colonies appear roundizh, very dark, lustrous, %%
frequently having a villous margin and a black
pattern within (Fig. 46). These two last char- 4500007 [= Freoams.
acteristics are not, however, constant.

2. A bacterium which appears in the form of unequally large
cocci (Fig. 47). It forms small round or roundish, very thin colo-

%%

Fig. 47.

CELLS oF THE MovTH-BacTe-
CoLoxy 0F ARCOCOCCUS BEC- RIUM DESCRIBED UXDER 2,
CALIZ 3 DAYSE OLD. 170 = 1.
T0: 1.

SEcTOR oF A COLONY OF THE
MovTa-BaoTERIUM DE-
SCRIBED UNDER 2.
Apavionn. 200: 1.

nies, without a distinet margin, which are quite colorless or tinged
but faintly yellowish-gray when examined under the microscope.
The separate cocei are visible under a power of about 200 diam-
eters, the whole colony appearing coarsely granular, and the short
chains of cocei or separate cocci protruding over the margin,
Fig. 48 shows the sector of a colony under about 200 diameters.

3. A third bacterium appears as oval coeci, mostly in pairs
or chains (Fig. 49). It also forms thin, small colonies, hardly
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visible to the naked eye: under weak power without distinet
outlines or wholly transparent at the margin, becoming denser
toward the center, which has a grayish eolor, Under 320 diam-
eters the sector of a colony has the appearance represented in
Fig. 50. 1 have named this bacterinm Micrococcus nexifer on ac-
count of the loops formed by the chains of cocei in pure culture.

4. A bacterinm somewhat less frequent, which appears under
the microscope as scattered, unequally large, irregular colonies,
composed of a few cells. These colonies are without distinet
form, dark gray: micrococel.

5. The bacterium which I mention as the fifth is conspicuous
to the naked eye for the size of its colonies. It appears in almost
all cultures, but in comparatively small numbers. To the naked
eyve the colonies appear milky-white ; under the microscope they
show a gray margin and a yellowish to dark-brown eenter wholly
opaque. The margin of the colony is occasionally indented and
strongly refractive. Morphology: beautiful round coeci in dense
IMASSes.

Fra. 49.

Mrcrocooous
NEXIFER,
12040 : 1.

Epcror oF A CoLroxy orF Micko-
COCCUR ¥EXIFER 3 DAYS OLD.
320: 1.

6. A micro-organism which is remarkable for its very charae-
teristic growth may often be found on culture-plates, whether
inoculated from the secretions of the oral cavity or from decayed
dentine. It forms colorless, transparent, prominent colonies,
which obtain a height of 1.5 millimeter and a breadth of from
2.5 to 4 millimeters, having the consistency of paste. Under the
microscope the separate cells in form of chains of cocei are dis-
tinetly visible, lying scattered in this paste,
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7. I have found the Jodocoeeus magnus in almost all cases in
which I have particularly searched for it in the secretions of the
mouth.

These bacteria, enltivated in saccharine solutions, bring about
fermentation, accompanied by a strong acid reaction. Experi-
ments undertaken for the purpose of determining their other
physiological characteristies are not yet coneluded. Various other
coceus and bacillus kinds are less constant; some of them are
shown in Figs. 33 to 44. Colonies of yeast-fungi may almost
invariably be found on plates inoculated from the human mouth.
I have, however, made no attempt to examine them more closely.
(See Chapter XTII.)

W. Vignal (*Recherches sur les microorganismes de la
b-:}uche," Arehives de Phy-w’r;:’uy:}.- norn. €t pu:‘.lrrnl!'., 1886, No. H) has
made very extensive and exact eéxperiments upon the bacteria
of the mouth. In his communication, which is accompanied
by very instructive illustrations, he describes seventeen different
kinds of bacteria found in the mouth and obtained by him in pure
culture. Some of these were identical with well-known species,
while others were new to him.

Concerning the frequency with which the various bacteria ex-
amined occur in the human mouth, Vignal makes the following
determination, for which, however, he claims only approximate
accuracy. Most frequently of all he found Bacterium termo,
then Bacillus e (Bacillus ulna?) ete., in the following order:
Bacterium termo.

Bacillus e (Bacillus ulna?).
Potato bacillus.

Coceus a (¢ of Miller?).
Baceillus b.

Bacillus d.

Bacillus ¢ (Bacillus alvei ¥),
Bacillus subtilis.
Staphylococeus pyogenes albus,
Staphylocoecus pyogenes aureus.
. Bacillus 1.

Bacillus f.

13. Bacillus j.

D0 =1 S o 00D
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14. Bacillus g.
15. Bacillus h.
16. Leptothrix.

Vignal's table is characterized by the predominance of bacilli.
With the exception of the two pyogenie bacteria, he met with
but a single coceus form (Cocens a), while other investigators—
Black, Biondi, Gysi, and myself—found a preponderance of
coceus forms,  An examination of a few preparations derived
from mucous tooth deposits or carious dentine will, as a rule,
show a prevalence of micrococei.

This diftference in the results of different investigators can be
explained, T think, by the circumstance that Vignal cultivated all
of his bacteria on gelatine. Since, however, very many mouth-
bacteria do not grow on gelatine, cultures made upon agar-agar
may lead to different results.

In America, Black ® has entered upon the study of the micro-
organisms of the human mouth with great zeal. He desecribes
among others Streplococens  continnosus, Staphylococeus medius,
Sfrlpﬁ_ijfr:r'aJ-'r'H.\' PRI, Coceus cwmulus minor {prohuhl_'r Sarcina or
Micrococeus tetragenus), and a * gelatine-forming™ organism,
Bacillus gelatogenes. (See page 22.

CHROMOGENIC MOUTH-BACTERIA.

[t needs scarcely to be remarked that many theories have been
proposed to account for the various colors presented by decayed
dentine. The best known is that of Watt,” which attributes
these colors to the action of various mineral acids, supposed to
be concerned in the production of caries. Another view assigns
the chief rile to articles of food, drink, ete., which do certainly
sometimes produce discoloration of the decayed as well as of the
healthy tooth-tissue.

Others, again, would have us believe that the color comes from
within and is one of the results of the vital reaction of the tooth-
substance itself. Black seeks to account for the discoloration
by the impregnation of the carions tissue with sulphides, while,
finally, the view has not been wanting in advocates that certain
baeteria which possess the property of forming various coloring
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matters are the chief factors in bringing about the pigmentation
in question.

The following presentation of the characteristies of the color-
forming bacteria of the human mouth, as far as they have as yet
been revealed to us by actual research, is undertaken in the hope
of determining how far they are accountable for the work which
has been assigned to them.

Chromogenic bacteria are widely distributed in nature. A
plate of gelatine exposed to impure air for a short time will
almost invariably develop one or more colored colonies; green,
various shades of yellow, brown, red, being sometimes represented
on the same plate. Such being the case, it must naturally
happen that these bacteria often find their way into the human
mouth with food, drink, and chiefly with the air. As a matter
of fact, they are by no means seldom met with in the oral cavity.

As a rule, the colorless bacteria predominate in the human
mouth to such an extent that the chromogenic bacteria, if
present, cannot be detected ; occasionally, however, they may be
easily recognized even by the naked eye. I have observed a
brick-red color more frequently than any other, on the lingual
surface of the lower front teeth and on the buecal surface of the
molar teeth.

When this organism has once become established in the
mouth, it does not readily allow itself to be expelled. Thave in

practice a number of patients in whose mouths I have
watched its growth for six to eight years. One case which par-
ticularly interested me was that of four children, brothers and
sisters, aged about ten to seventeen years, for whom I repeatedly
removed the brick-colored deposit on the lower incisors only to
see it faithfully return in the course of a few weeks. Having
recently had oceasion to examine the mouth of the mother, I
found the same deposit, from which I conclude that there is
some constitutional peculiarity about these children, inherited
from the mother, which renders the secretions of their mouths
peculiarly adapted to the needs of this organism.

Attempts to eultivate the bacterinm of brick-colored deposit
have been unsuccessful, although I did sueeeed in isolating from
the mouth an organism which produces about the same color
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(Fig. 1, Plate 111). My present opinion, however, is that the one
[ obtained is not the one I have been zeeking.

A number of times I have found cavities of decay, usnally
dark brown, in which the surface of the dentine was colored
with a bright vellow mass of cheesy consistency. I have not
been able to obtain a pure culture of this bacterium on gelatine,
though I have repeatedly observed a slight growth on potatoes,

Any one who will keep a lookout for the two appearances
just deseribed will certainly see them. A case which was inter-
esting in more than one respect ocenrred at the polyelinie of the
Dental Institute at Derlin, some time ago. A man presented
himself, having a swelling on the right side of the face, almost
as large as a man’s fist, connected with the inferior wisdom-
tooth (impeded eruption).  The larger portion of the surface of
the month and tongne was covered with a canary-vellow deposit,
which could not be aceounted for by anything that the patient
had taken into his mouth.

[ found a bacillus in the pus which was evaenated upon the
extraction of the tooth, and also in the yellow layer upon the
surface of the cheeks and gums, which reproduced the same
color in pure cultures, and besides showed considerable patho-
genic action. I had no opportunity to see the patient again,
consequently do not know the result of the infection. A pure
enlture of this micro-organism on gelatine is seen in Fig. 2 of the
plate.

[ have found in the human mouth and izolated no less than
eight different kinds of bacteria which produce a yellow pigment,
not including the well-known yellow sarcina. These bacteria
are themselves yvellow, but do not impart any color to the culture-
medinm.

I have made a great many attempts to cultivate the !-auplu_nﬁml
bacterium of greenstain, but =o far without suceess. 1 have
indeed isolated five different species of bacteria from the mouth
which impart a green eolor to the eulture-media, although themselves
colorless, and all of which grow well on the usual media, but 1
do not bring any of them into causal connection with the green-
stain, since, as far as my observation goes, the bacterium of
greenstain, it there be such a thing, does not grow on gelatine.



BIOLOGICAL STUDIES ON THE BACTERIA OF THE MOUTH. 93

I found one of these in the contents of an alveolar abscess: it
grew with tolerable rapidity, liquefying the gelatine. If culti-
vated without the presence of oxyvegen, no color i= developed, but
if the eulture is shaken with air, it will in a few seconds assume
a beautiful green color. I found the second in a cavity of decay,
and the other three in my search for the supposed bacterium of
pyorrhoeea alveolaris; they are colorless, but impart a beautiful
opalescent color to the gelatine, one of them having at the
beginning a decidedly bluish tinge. A pure culture of one of
these is seen in Fig. 3 of the plate. It is, however, impossible
in the lithograph to reproduce the beautitul opalescent color of
thizs growth. The cultures of one bacterinm obtained from the
mouth have a red color on the surface, but are colorless heneath
the surface (Fig. 1, plate); the protoplasm of the living cells con-
tains the coloring-matter, and no color is imparted to the gela-
tine. Another has a reddish color, also confined to the bacteria
themselves, Cultures of still another have a decided brownish
color (Fig. 4, plate); it liquefies the gelatine, and sinks to the
bottom as a brownizh irregular mass.

I have recently izolated a bacterinm from the mouth oceurring
in form of long large rods and jointed threads, which, cultivated
on the surtace of nutritive agar-agar, imparts to the medium, in
the course of a few weeks, a vellowish-brown color which grad-
nally darkens and extends deeper into the substratum as the age
of the eculture inereases. To this bacterium, whose character-
istics I have not yvet sufficiently investigated, I have assigned the
name, Bacillus fuscans,

I shall not enter into a discussion of the biology of these bac-
teria. At present we are interested in the guestion as to what
part they may take, if any, in the produetion of the various colors
or shades of color in carious dentine,

Of all the chromogenic bacteria above referred to, only the
ones represented in Fig. 4 of the plate and the one described as
Bacillus fuscans could be looked upon as taking any direct part
in the pigmentation of carious dentine. These, however, as far
as we know at present, do not oceur with sufficient constancy in
the mouth to admit of assigning an important role to them.

The green-producing bacteria, which T have named Bacteria
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viridantin, are excluded, becanse green dentine does not oceur.
Those which assume a yellow color (Bacteria flaveseentia) cannot
be looked upon as the direct cause of the vellow shade of carious
dentine, becanse the color is confined to the micro-organisms
themselves, the medinm on which they are eultivated becoming
very little, it at all, stained. In the case of dentine, the relations
are exactly the opposite; the dentine becomes stained, while the
micro-organisms remain colorless (white).  This is probably well
known to those who have made a few sections of carious dentine,

The tollowing experiment may serve to furnish an idea of the
manner in which the pigmentation of the earious tooth-tissue
may be bronght about,

I inoculated a tube of enlture-gelatine with a baecterinm ob-
tained tfrom decayed dentine ; almost any bacterium which ligue-
fies the gelatine would, however, have served the same purpose,
In about two weeks the gelatine was completely melted and a
white mass of bacteria lay on the bottom of the tube.

At the beginning of the experiment the gelatine had only the
slight vellowish tinge often present in culture gelatine.  Soon,
however, a yvellowish-brown color made its appearance, which
eradually became darker even after all lite had dizappeared from
the culture, until at the end of ten weeks the whole mass of
melted gelatine had a deep brownish color.

A very old dry culture presented about the color of the black
spots (so-called earies nigra) often seen on the approximal sur-
faces of teeth where caries onee began and then ceased after the
removal of the approximating tooth. Organic matter under-
coing decomposition assumes, as iz well known, a dark color,
and the same is true of decayving dentine. The colors charac-
teristic of decaying dentine do not exist in the very beginning
of the decay, but appear subsequently. The more recent or
acute the decay, the less the discoloration ; the older or more
chronic the decay, the deeper the color.

There is, however, another factor which may play a part in
the dizscoloration of dentine, more particularly in teeth contain-
ing dead pulps; the latter sometimes become intensely black,
and it is to these in partienlar that the following suggestion re-
fers. My attention was some time since called to the fact that
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recent experiments had demonstrated the presence of iron in a
variety of tissues where it had not previously been detected,
This discovery led to the thought that iron might be present in
the dental pulp, and that in such case the black color of the
putrid pulps might be accounted for by the formation of the =ul-
phide of iron. I made a few preliminary experiments relating
to this question, the results of which I here give, The tests were
made in the following manner: A tooth was eracked in a poree-
lain mortar, so as to thoroughly expose the pulp, and then placed
in a mixture of dilute hydrochlorie acid, to which was added a
small proportion of a 10 per eent. solution of ferrocyanide of
potassium. The hydrochlorie acid, as well as the water used
for diluting it, must be free from iron; neither must any iron
instrument be brought in contact with the freshly-broken sur-
faces of the tooth. Those parts of the tooth containing iron,
even in minute quantities, will, after an exposure of from one to
sixty minutes, assume a blue color—Prussian blue being formed.
Ome source of error 1= introduced in the necessary nse of an iron
instrnment in extracting the tooth, but this will only affect those
points on the external surtace of the tooth with which the foreeps
come in contact, and may therefore be easily eliminated.

I have found iron (1) constantly in Nasmyth’s membrane
(probably only as a deposit from external sources); (2) in the
dental pulp, though not constantly ; (3) in earious dentine almost
constantly, a bright blue line often forming on the border
between the decaleified and normal tissue,—a rather remarkable
appearance for which T can at present attempt no explanation; (4)
in enamel, particularly around the margin of cavities of decay.”

It seems, consequently, not impossible that the sulphide of iron
which would be formed during putretaction of the pulp may have
something to do with the discoloration of the same.  Whether
sulphide of iron may be formed through decay of the dentine or
enamel in safficient quantity to aid in dizcoloring the same, |
cannot say; at present I doubt it. Further experiments may
furnish an answer to this question.

* Traces of iron have been detected (as iz well known) Ly chemical analysis
in both dentine and enamel.
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Tue Bacteria oF Diseasgp PuLes.

[n the mouth we find certain conditions which are presented
by no other part of the human body, in that a direct way 1s fur-
nished tor parasites through the medinm of root-canals and
diseased tuuth-pnl]n:: into the 1iw.'iwl' Jrarts [;l‘“l‘u:. 51:}.

The question arises, Is this way equally passable for all bae-
teria and nnder all circumstances, or are there only certain kinds

which find a suitable eulture-medinm

it Bl in different conditions of the pulp, and

are thereby enabled to effeet the pas-

sage throngh it to the apex of the root
or to the periapieal tissue ¥

As far as I know, nothing has as yet
been ascertained in regard to this point,
and I can here only communieate the
results of my own investigations, which
have, in fact, as yet but begun.

We have reason to suppose that in
the living pulp, tor instance in the case
Orons-ssomiox . smmosaw 0f chronie pulpitis, as well as iniall

tuk Lower Jaw witn manr  suppurative inflammations of the pulp,
OF A DECAYED PREMOLAR IX
gITe, showing how germs of in-

fection may passfrom themouth v phtain a footing, since in such cases
direetly into the spongy portion : : ; ’ <
Al B, these find the most =uitable nutrient
medinm, and that the more harmless
parasites of the human mouth, on the other hand, would prefer
the dead organic matter of the oral cavity. It has, moreover,
appeared to me that in cultures from such pulps I have not,
as a rule, found the large number of different kinds of bacteria

rhh-ﬂ‘r bacteria of a lnuﬂlc}g{rlﬁu nature

which may usually be fonnd in the mouth.

Again, since the access of air, particularly in case of closed
pulp-chambers, is very limited, we wounld expect to find a pre-
ponderance of anaérobic or of facultative anaérobic bacteria,
In regard to this point, also, experimental evidence is wanting.

In the third place, in case the pulp-chamber has not been
opened, the entire store of nutrient material being soon consumed,
the bacteria may perish from want of’ nourishment, or even be
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destroyed by their own products, or finally they may enter upon
the state of spores,

It may, therefore, readily oceur that a putrid pulp does not
contain a single bacterinm capable of development.

Of seventeen necrotic tooth-pulps which I have examined
with reference to this question, I found seven without living (at
least without eultivable) bacteria.  Attention has already been
:alled to the fact that the dental pulp presents in a high degree
the conditions essential to the formation of spores; and since
spores possess high power of resistance, the antiseptic treatment
of root-canals i= thereby rendered more difficult.

In order to determine whether a necrotic pulp contains living
baeteria or not, we proceed in the following manner. Taking a
freshly extracted tooth (the best are such whose pulp-chambers
have not been opened), we first cleanse it by placing it for a
short time in a solution of sublimate 5:1000; then carefully
wash it with sterilized water to remove the sublimate, dry it
with sterilized paper, and split it with sterilized forceps. The
pulp is then removed with a sterilized needle and brought into
the enlture-medinm, in which it i erushed, the solution being
repeatedly shaken in order to distribute the organi=ms equally
throughout. From this a second or even a third dilution is made,
and the number of colonies determined in the usual manner.

Experiments 1 to 5 were made on gelatine, the others on agar-
agar at a temperature from 37° to 38° (.

From Pulp1 . - : . 4800 colonies developed.
= e 3 4800 kg it
s | : : : 235 ot &
M <4 - ; : 0 it e
17 ah 5 . G bk e
s LEas 275 ke 2
wa o T : = : : ﬂ we 13
it sl : : 3 4% At
Eh 13 9 : = : ; {] be 13
ket TiB L A g : : 4 ke s
i3 iR i e : ; . 250,000 i e
o ** 12, dry, black,

foul-smelling : 0 e =
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From PPulp 13, moist, bad-

smelling . . 2050 colonies developed.
&« ¢ 14, almost dry,
black . : - 0 e i
£ “ 15, suppurating : 405 2 i
s 16, black, liguetied,
very bad-smelling 512 3 g
i LR [T - - - 0 59 2

The fourth ease is that in which the pulp-chamber is widely
opened, so as to permit the entrance of new culture-material
from the month.  Processes of putretaction or fermentation here
continually take place. In the lower part of the canal, at least,
the =ame organisms are present which are found in the other
part of the oral cavity, with the exception of such whose growth
depends upon the presence of more or less inflamed gums.

The subject of the bacteria of the dizeased pulp i= one which
has as yet but little occupied the attention of bacteriologists,
consequently little definite is known about them; nor has any
classification of them been made. A series of experiments which
[ myself began in this direction had to be broken off on account
of want of time.

The general infections which are brought about by inocula-
tion with the bacteria of diseased tooth-pulps will be treated of
in Chapter XI.

[t often happens that a tooth, which has occasioned no disturb-
ance for years, in spite of’ a necrotic pulp, will exhibit a severe
inflammation of the pericementum a few hours atter the pulp-
chamber has been opened for the purpose of removing the
remainz of the pulp and filling the root-canals,

An attempt has been made to aseribe this very unpleasant
resnlt to an infection of the pulp oceasioned by germs from the
air.  When the pulp-chamber iz opened, air is supposed to rush
in, earrying bacteria along with it. These excite decomposition
of the contents of the root-canal, thereby giving origin to an
inflammation of the pericementum. This idea deserves to be

anked among the many other wonderful theories of olden times,

Every practitioner in dentistry knows very well that air or

nsmn
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gas often enough eseapes as soon as an npmﬁug 15 made into
a pulp-chamber containing a gangrenous pulp. No one, how-
ever, as far as I am aware, has observed that the air enfers the
pulp-chamber under such conditions,

It would indeed be diffienlt to explain how a vacuum could
exist in the canal of a root. Granted, however, that a partial
vacuum did exist at the time the pulp-chamber was opened, and
that ten cubic millimeters of air were admitted into the pulp-
chamber (which is a large estimate), how many organisms would
likely be introduced with it ?

The number of micro-organisms in a given guantity of air
depends of course upon the purity of the air, and consequently
varies according to the locality. Pure air in Berlin was found
to contain, on the average, 0.1 to 0.5 bacteria per liter, and the
air in hospital wards, with seventeen or eighteen beds, to contain
2.4 and 2.7 per liter respectively.

Now, if we suppose the air of a dental office to contain double
the amount represented by the largest number found in pure
Berlin air, there will exist in one lirer, that 1s, in one million
cubie millimeters, one germ. Ten cubic millimeters would then
econtain rigor X 10 = 5o germs.

The chances would then be that in one hundred thousand
operations of this kind the suceess of one would be endangered
by the entrance of one germ into the pulp-cavity. Whether this
one germ in such case could produce any disturbance, would
depend upon the existing circumstances,

The appearance of pericementitis atter opening into a pulp-
chamber is due solely to the carelessness or helplessness of' the
operator. Ile either forees particles of the putrid pulp through
the foramen apicale, or introduces new infected fermentable mat-
ter into the root-canal from without, or occasions an infection by
meauns of unclean instruments.

Tee Reratiox oF MovuTH-BACTERIA To THE ForMATION 0F TARTAR.

Since the discovery of the existence of great numbers of
microscopical organisms in the human mouth, repeated efforts
have been made to make them responsible for the formation of
tartar. Lebeaume compared tartar to coral; Mandl supposed it
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to be ecaunsed by the acenmulation of calcareons remains of
vibrios; Klebs, Galippe, and others express the opinion that
tartar is to be regarded as an exeretion of micro-organizms.

There 12 such a vast ditference between tartar and coral, as
well as between bacteria and coral-forming polyps, that Le-
beaume’s comparison is certainly unwarranted, while the theory
of Klebs is an apparent contradiction of facts known to every
practitioner. A= is well known, tartar is formed chiefly, some-
times exclusively, where the salivary glands discharge their pro-
duets into the oral cavity, particularly on the lingual surfaces of
the lower incizors.  In no other locality of' the mouth have the
bacteria =o little opportunity of gaining a foothold as at this par-
ticular point, since the tongue keeps these surtaces nearly free
from bacteria and soft deposits.

Moreover, the amount of tartarin a given mouth is in no wise
proportional to the number of bacteria contained in the same, nor
am I aware that ealeareous deposits anyway resembling tartar
have been observed in pure cultures of mounth-hacteria,

Other considerations also seem to me to render this explana-
tion nntenable.  Tartar contains about 25 per cent. of organie
matter and 75 per cent. of salts (almost exclusively lime-salts;
hacteria, on the other hand, contain about 0.5 per cent. of
ashes, consequently the percentage of ashes in bacteria is equal
to but ;15 of that in tartar; a formation of tartar, therefore, by
an accumulation of the calearcous remains of bacteria appears
to me to be out of the question.

Normal saliva contains calcinum phosphate as well as earbon-
ate; these are held in solution in the blood and in the glands by
carbonic acid. When the saliva enters into the mouth, the
carbonie acid escapes and the lime-salts are precipitated. The
following experiment will demonstrate this process:

Stall gquantities of ealeinm phosphate and calcinm earbonate
are brought into water charged with carbonie acid (a bottle of
soda-water serves the purpose very well), shaken at briet inter-
vals, and left standing until the water becomes guite clear.  On
opening the bottle very carefully and permitting the carbonic
acid slowly to escape, the precipitation of the salts held in solu-
tion will produce a distinet clondiness.
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At the June meeting of the Odontological Society of Great
Britain, 1889, Cunningham and Robinzon presented impure
cultures of bacteria partly from the mouth, in which well-formed
erystals might easily be seen with the naked eye. The analysis
proved these crystals to consist of the double ammonium-mag-
nesium phosphate or triple phosphate (NH,Mg,PO,2H,0).
The anthors were of the opinion that * the deposition of tartar
on the teeth and the formation of some caleuli in other parts of
the body may be due,in part at least, to this action.” On a visit
of Dr. Cunningham to my laboratory a short time ago we ex-
amined a number of pure cultures from the mouth and found in
three cases, all from two to three months old, distinet erystalline
formations not imbedded in the growth, but projecting from it
into the pure gelatine or agar-agar.

As stated to Dr. Cunningham at the time, I am not quite
prepared to believe that this process has much to do with the
formation of tartar. Of course it remains for him to show
whether such crystals really are found in tartar, and whether
tartar actually contains the above-mentioned triple phosphate in
any considerable guantity.

A communication on the subject of salivary calculus by A.
C. Castle, in the January number of The Forcep, 1855, may be
of interest in this connection. He writes, “ Microscopic examina-
tion discovers that this calenlus exists in a erystalline state, and
by its irritating effects frequently canses what are supposed to be
neuralgic pains.

“ The next form of salivary caleulus is of a soft, friable, pul-
verant nature. [t is of two kinds, the simple phosphate of lime,
and the ammoniaco-magnesia phosphate of lime, with the usual
combinations of animal matter, and oxalate of lime upon investi-
gation will be found to exist in large quantities in those subjects
where the oxalates exist in excess.”



CHAPTER V.
MOUTH-BACTERIA AS EXCITERS OF FERMENTATION.

(GENERAL REMARKS.

NuMERoUs experiments and investigations from the time of
Schwann to the present day, and partienlarly the exact methods
of bacteriological research emploved within the last few years,
have demonstrated beyond all doubt that all processes of fermen-
tation and putrefaction depend upon the presence of microscopi-
cally small living organisms. Nevertheless, certain anthors, not
in dental literature alone, are in the habit of completely disrc-
garding all the facts established iu the last fifty years, putting
themselves back into the first half of the century and speaking
of putrefactive processes which are supposed to arise in some in-
explicable manner without the aid of micro-organisms, and to
yield certain produets, among which bacteria themselves are not
unfrequently reckoned,

It iz actually astonishing that the guestion, which is first, the
bacteria or the fermentation ? can still claim the attention of any
mind, and that irrefutable facts can be entirely overlooked,
although handbooks of bacteriology are so numerous and widely
cirenlated that ample information may be easily obtained in re-
gard to these fundamental questions. We are constantly con-
fronted by the statement that the decomposition of certain sub-
stances may be effeeted by means of finely divided platinum,
that alcohol 1y be l]il'El'IIJ‘ oxidized to acetic acid. }Iilh_}'
dentists also continue to refer to the possibility that acids may
develop during the putrefaction of organic substances in the
mouth without the participation of micro-organisms, and obsti-
nately ignore the fact that without micro-organi-ms the putre-
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faction of organic substances is altogether impossible.  Others,
again, settle the question in a manner which they think should
be satisfuctory to every one by the stereotyped assertion, “ Bac-
teria are not the cause, but the result of fermentation.”

Whoever is at all versed in the fundamental principles of
bacteriology will regard it as a matter of course that the process
of fermentation going on in the oral cavity offers no exception
to the rule that all fermentative and putrefactive processes are
conditioned by the presence of living micro-organisms, This
fuct may be established experimentally by the following simple
tests :

Erp. 1. Add 2 per cent. of sugar or starch to fresh saliva,
and keep the mixture at blood temperature. It invariably be-
comes acid in four to five hours; or fill a glass tube two em.
long and three mm. wide with starch, sterilize it, and fasten it to
a molar tooth in the mounth on going to bed; next morning the
contents of the tube will have a strong acid reaction. A eavity
in a tooth, or a piece of linen, which may be =saturated with a
golution of starch, will answer the purpose as well as the glass
tube.

Erp. 2. Keep the mixture of =aliva with starch or sugar for
one hour in the sterilizer at 100° C,, and then place it in the in-
cubator; it does not become sour in four, nor in twenty-four
hours; in fact, not at all. We conclude that the agent which
caused the mixture in 1 to become sour (ie., the ferment) is
rendered inactive by a temperature of 100° C,

Erp. 3. Heat the starch alone to 150° C. before mixing with
the saliva; the solution still becomes sour. Heat the saliva alone,
and the mixture does not become sour.  Conelusion : the ferment
exists, not in the starch, but in the =aliva.

We have now to determine the question, Is it an organized
ferment (micro-organisms), or is it an unorganized ferment
(ptyaline) ?

Thiz question is determined by the following experiments:

Erp. 4. From six to eight grams of saliva are agitated in a
test tube with as much sulphurie ether as it will take up, starch
added, and the whole put in the incubator. On examination
after a few hours, we will find sugar in the solution, but no acid;
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in other words, the acid-forming ferment has been rendered
inactive, but the unorganized, sugar-forming ferment, not.

Forp. 5. Instead of ether, enongh carbolic acid is added to
make the solution one-half per cent. strong; the result is the
same,  These two experiments show that the ptyaline of the
saliva (which was not injured by the presence of the ether or the
carbolic acid, as proved by the fact that it retained its diastatie
action) is not the cause of the acid reaction.

FErp. 6. According to Paschutin, ptyaline is devitalized by an
exposure of twenty minutes to a temperature of 67° C.  Organ-
ized ferments could not be killed by the same means.  We ac-
cordingly subject a mixture of saliva and grape-sugar to the
given temperature for twenty minutes. We thereby destroy
the ptvaline: the mixture, nevertheless, becomes sour if allowed
to stand in the incubator for twenty hours.

This experiment confirms the result of experiments 4 and 5,
and we begin to suspect that we have to deal with an organized
ferment. This supposition is confirmed by the following experi-
ment :

Forp. 7. A small quantity of a perfectly sterilized solntion of
sugar in saliva (1-40), in a test tube with cotton cork, is infected
from the mouth, or with carions dentine, as deseribed above; in
twenty-four hours the solution will be acid; with a fraction of a
drop of thiz solution a second tube iz infected ; it will likewise
become acid; from this a third, ete.; each becomes acid in turn,
while the control tube (containing the same solution, not infected)
remains neutral. :

The conclusion is plain that we have to do with a ferment
which is capable of reproducing itselt; in other words, the agent
giving rise to acid fermentations in the juices of the human
mouth exists in the form of living organisms.

I have examined twentv-two different species of bacteria
which up to the yvear 1885 I had i=olated out of the seeretions,
ete., of the hnman mouth, in reference to their fermentative
action; and althongh, as may readily be seen, it was impos-
sible with =0 large a number of different organisms to carry out
the experiments to the desired degree of completion, I have
nevertheless obtained some results which may be of interest and
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may somewhat contribute to our knowledge of the different fer-
mentative processes in the human mouth and the diseases conse-
quent npon them,

The chiet source of nourishment for micro-organisms in the
human mouth is furnished by two groups of substances, the
carbohydrates and the albuminous substances.  Both are almost
invariably present in the human mouth in depressions, in fissures
of the teeth, or in the spaces between them, or finally upon their
tree surtaces.

The carbohydrates undergo fermentations which lead to an
acid reaction of the medinm, while decompositions of albumin-
ous substances are accompanied by an alkaline reaction.  As a
rule, mixtures of’ both produce an acid reaction. The reaction,
which may be observed in any hidden recess of the human
mouth, depends, consequently, partly upon the nature of the
food present at the time, partly npon the kind of bacterinm.

In the ease of one bacterium which I examined with particular
reference to this question, I found that it caused a neutral reac-
tion when cultivated in a 3 per cent. solution of beet extract in
the presence of {5 per cent. of sugar, while the reaction became
acid on increasing the quantity of sugar and alkaline upon
diminishing it. I shall revert to these facts in Chapter VIIIL, in-
asmuch as they explain a number of phenomena accompanying
dental caries.

A. Actiox of MouTH-DACTERIA UPON (CARBOHNYDRATES.
1. Lactic Acid Fermentalion.

The action of bacteria upon carbohydrates is of the greatest
importance to the dentist in particular, to the medical practi-
tioner, and, in fact, to every one, inasmuch as the origin of decay,
with its evil consequences, depends upon it.  Of the twenty-two
kinds of mouth-bhacteria already mentioned, sixteen soon bronght
about an acid reaction when cultivated in beef-extract-peptone-
sugar solutions, four produced an alkaline reaction under the
same conditions, while in case of two only the reaction remained
nentral.

In a later series of experiments, twenty-five mouth-bacteria,
thirteen stomach-bacteria, and fourteen bacteria from the intes-

<2
i
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tines were examined in regard to the reaction which they pro-
duce in saccharine solutions. Of the mouth-bacteria, sixteen
oceasioned acid reaction, four alkaline, while five yielded incon-
stant results; the corresponding numbers for the stomach-bae-
teria were nine, two, and two; for the intestine-bacteria, six,
five, and three. The number of acidifying bacteria is therefore
comparatively larger in the stomach and mouth than in the in-
testines,  Whether these relations are constant could, of course,
be established only by a larger number of experiments than I am
a= vet able to record.

Cultures on sterilized milk give slightly different results. It
was furthermore found impossible to draw a sharp line between
those bacteria which produce an acid reaction and such as cause
an alkaline reaction, because in some cases the reaction was very
weak and changed during the course of the experiment, while
in others it was materially inflnenced by change in the amount
of sugar.

In consequence of the large number of bacteria experimented
upon, it was naturally not possible to undertake for each one a
qualitative determination of the acid which it produced. In
the case of eighteen different bacteria, however, the examination
was made, and in ten cases out of these eighteen lactic acid was
found. Tt was formerly believed that the lactic acid fermenta-
tion could be brought about by only one specific micro-organism,
which was designated as the lactic-ac id fungus (Baecterinm aecidi
lactici). Some vears ago I called attention to the fact that many
different bacteria are found in the human mouth which are

capable of forming lactic acid out of sugar, and it has now been
established by varions investigators that this property, as well as
the inverting and peptonizing property, is very widely distributed
among bacteria,  This fact offers an easy explanation for the
long-known constant presence of lactie acid in the stomach and
Intestines,

The determination of the acid was made partly h\'éilléll"n'rii'-i,ll‘cl.l‘llj
by crystallization tests, and [:dlt]\. by the color test nt Ewald.*

# Five to ten ce. of water plus one drop of chloride of iron plus two drops car-
bolie acid gives a violet color, which becomes yellow on addition of lactic acid
even in very minute quantities.
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By this simple reaction the detection of lactic acid, which is
otherwise often extremely diffienlt, is very much facilitated. Un-
fortunately, however, it cannot be applied under all conditions,
gince not only lactic acid and its salts, but also tartarie acid,
malie acid, acetic acid, oxalic acid and its salts, as far as I have
examined them, and possibly some other substances not yet ex-
amined, give the same reaction. In order to produce the yvellow
eolor, it is, in fact, only necessary to add to the violet =olution a
small piece of fruit (apple, grape, plum, tomato), a few drops of
white wine (Mosel, ete.).  All these acids must, of course, be
first exeluded before the presence of lactic acid can be assumed
with absolute certainty.

In order to determine more accurately the acid formed in a
mixed fermentation of carbohydrates, as it oceurs in the month,
a chemical analysis was made.

The method of carrying out such an analysis will now be given :
Two hundred ce. of tresh saliva are mixed with 2.0 starch and
allowed to stand forty-eight hours at blood temperature; the
mixture iz then filtered, and heated to 100° C., to stop the
fermentation. This process is repeated until about a liter of the
solution has accumulated. It is then placed in a retort and
reduced to a volume of about 75 ce. It will be very strongly
acid. A few drops of this lignid added to a very thin solution
of methyl-violet, leave it unchanged; from this we conclude
that we have to deal with an organic acid, as an inorganic acid
would turn it first blue and then green. Since the acid did not
distill during the prolonged boiling, we may set it down as non-
volatile, hence a non-volatile organie acid. The distillate was
very slightly acid; we will call it distillate No. 1, as we wish to
refer to it again.

The solution was further reduced in volume to about 40 cc.
over the water-bath, and then transferred to a large glass vessel,
briskly shaken with one and one-half to two liters of sulphuric
ether, and allowed to stand until the ether became perfectly
transparent. This was then filtered into a large retort and dis-
tilled, proper precautions being observed to prevent accidents,
When the volume had been reduced to about 50 ce., the solution
was filtered into a poreelain vessel, and still further reduced over
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the water-bath. A portion of the solution tested in the short
tube of a Mitzscherlich double-shadow polaristrobometer gave, as
a mean of nine readings, a rotation of the plane of polarization
equal to 0.015 degree, or 0° 0.9". In other words, the solution
was optically inactive, the 0° 0.9" being far within the range of
the error of experiment, especially as the solution was not abso-
lutely transparent.

An excess of freshly prepared oxide of zine was then added to
the solution, and the whole slowly and carefully boiled, water
being added as it was found ne-
cessary, till the reaction became
neutral, or nearly so, filtered
into a large glasz evaporating
dish, and put away at the tem-
perature of the room for the salt
to erystallize. A drop of this
solution placed upon a glass
slide gave, upon eryvstallization,
the forms seen in Fig. 52, which
are at once recognized as erys-
tals of lactate of zine., In afew
days a quantity of a whitish

CrYsTaLs oF LacTate or Zisc. cl‘}'sta!.llinv 11nn'{1El‘ had formed.

This was placed upon a filter,
the mother-liquid squeezed ont, washed in absolute alcohol, dis-
solved in hot water, recrystallized and dried over sulphuric acid ;
it then weighed 0.348.  After exposing to a temperature of 100°
(., or a little more, till the weight became constant, it weighed
0.2816; it lost accordingly 17.9 per cent.* of water of erystalli-
zation, corresponding to three moleenles of water. The zalt was
then dissolved in water, the zine precipitated as carbonate and
burned. The burned mass (zine oxide) weighed 0.0970. We
have, consequently,—

Substance analyzed (a zine salt) = 0.343
Oxide of zine — 0.097

The zine oxide is seen to be equivalent to 28.2 per cent. of the

substance analyzed.

#* Theoretically 18.2, or 0.3 per cent. more.
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The formula tor the inactive ethylidene lactate of zine is—
:j}"::z 1 Zn + 3H,0, = 243 + 54

Dried at ordinary temperature it contains 27.3 per cent. zine
oxide. The result obtained from the analysis differs, therefore,
from that deduced from the formula by less than 1 per cent.,
and settles beyvond doubt the fact that the substance analyzed
was the lactate of zine, or that the acid generated by the fermen-
tation iz lactic acid, or, more exactly, inactive ethylidene lactic
acid, since, as shown above, the acid =olution was optically
inactive, and the zine salt contained three moleenles of water of
erystallization. The salt was tfurthermore soluble in sixty-two
parts water at 14° (.

I repeated the analysis with the following solution :

Water, 1000 ce,

Saliva, 300 ce.

Bouillon, 200 ec., made by boiling 125 grams of beef ten
minutes in 300 ce. of water.

Sugar, 10.0.

This solution being slightly acid was neutralized with the car-
bonates of lime and sodium, sterilized, and infected from a pure
culture of the bacterium in question. It was treated thronghout
exactly as above deseribed, except that the zine salt was con-
verted into the sulphide instead of the earbonate, and burned
with powdered sulphur in a stream of hydrogen. The result was:

Substance analyzed = 1.0540

Zine sulphide 0.415

Zine 26.38 per cent.,
instead of 26.74 per cent., as deduced from the formula, a differ-
ence of only one-third of one per cent.

In this case the substance was dried at 100° C. hetore weigh-
ing, and the formula becomes—

s :} Zn = 243.
atlsls

One more analysis was made, nsing—

Water, 1000 ce.
Liquid beef extract, 20 ce.
Sugar, 10.0.

||
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The result was the same, and need not be given; the two an-
alyses above deseribed being abundantly sufficient to show that
the acid generated by the fungus in question is the common fer-
ment lactic acid.  Distillate No. 1, referred to above, owed its
glight acidity, we now know, in part at least to lactie acid, since,
when an aqueous solution of lactic acid 1= boiled, a small fraction
of the acid goes over with the water. To aseertuin, however,
whether any other acid, especially volatile, was present, the dis-
tillate was boiled with carbonate of lime, filtered, evaporated to
dryness, a small amount of dilute sulphuric acid added, and
heated in a retort over the water-bath; a few drops of an oily
acid came over, which, when taken upon the fingers, smelled like
butyrie acid ; the amonnt, however, was o small that no attempt
could be made to analyze it.

Among the products of fermentation of these bacteria I have
alzo found formie,* acetic, and butyrie acids, the latter, however,
only in very small quantities. The greatest amount of acid which
[ have as yet observed in lactic acid fermentation is 0.75 per
cent. Although the coetheient of separation of lactie acid is very
small compared to that of the inorganic acids, it is, nevertheless,
rather large when compared to that of other organic acids. My
investigations have convineed me that it 1= considerably inereased
in svrupy =olutions, so that instead of 10, the coeflicient for
agqueons solutions, a multiple of’ 10 must be taken, large quanti-
ties of ether (one and a halt to two liters) being necessary to
effect even an approximate extraction of the acids.

Formation r:.fh (Gas in Lactic Aeid Fermentation,

The fermentations which are brought about by different lactie
acid bacteria show great differences in respect to the amount of
gas evolved. I have already called attention to the fact that the
fermentations of’ carbohydrates frequently proceed without gen-
erating the least trace of gas. On the other hand, some of the
bacteria more recently examined formed very large guantities of
gas (CO, and H), so that the gelatine in the culture-tubes was

* The distillation with phosphoric acid was made very carefully over the water-
bath.
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completely torn to pieces, or a part of it even driven out of the
tube (Fig. 53). Insome cases the pressure was even great enouglh
to burst the tube.

From this violent evolution of gas the conclusion was drawn
that it was not a pure lactic acid fermentation, corresponding to
the equation CH,,0,=2C,H,0, a econjecture
which was verified by the analysis, which revealed
the above-mentioned by-products, formic, acetic,
and butyric acids. During the fermentation of
half'a liter of beet-extract-sugar solution I collected

Fia. 53.

two hundred and fifty eubie centimeters of gas
(C1), and H) in three hours,

I would call especial attention to five ditferent
gas-forming bacteria, which invariably form large
gas-bubbles in the gelatine or tear it to pieces, as

is represented in the figure.  One of these bacteria,
which generates considerable I|Llaltlﬁﬁl-.~a of oas also
in albuminous sabstances, 1 tound in the human
feeces as well as in a gangrenous tooth-pulp.  Its
appearance in the latter place may help to explain
the frequent ocenrrence of dental abscesses. It a
tooth be filled before removing the necrotie pulp
and sterilizing the root-canals, the gas formed will
force itzelf through the foramen in the apex of the
root, or carry particles of the putrid pulp along
with it, causing irritation, if not immediate in-

CUULTURE OF A

flammation, of the pericementum. G AS-FORMING
. BacTRRIUNM

It was formerly customary in snch cases to bore g
into the tooth at the neck in order to ** ventilate STOMERE: N
o : . Brein-SUGAR

the nerve,” that is, to permit the gases or other GRLATINE.
products of putrefaction to eseape. Several of One day old.
15: 1.

these bore-holes, which continnally discharge pus,
stinking gases, ete., may sometimes be found in one mouth.

Of the other gas-forming bacteria I found three in the stomach
and one in the fieces ; and it may be readily seen what unpleasant
results might accompany their profuse development in the
stomach or intestines,

These results of my investizations, which I publizhed in 1884



112 THE MICRO-ORGANISMS OF THE HUMAN MOUTH.

and 1885, have been verified by diftferent investigators, Vignal ®
investigated the action of seventeen different mouth-bacteria cul-
tivated on various nutrient substances, particularly on such con-
taining carbohvdrates.  Seven of these micro-organisms dissolve
albumen, five cause it to swell up or make it transparent, ten
dissolve fibrin, four eause it to swell up and become transparent,
nine dissolve glutine, seven coagulate milk, =ix dissolve caseine,
three transtorm starch, nine convert lactose into lactic acid,
seven invert crystallized sugar, seven ferment glucose and
partially convert it into aleohol.

Hueppe™ also calls attention to the presence of lactic aeid in
the oral cavity, Ie isolated two different micro-organisms (one
of which seems to be identical with one deseribed by me), which
formed lactie acid in saccharine solutions.

As already mentioned above, by-products, such as butyrie
acid, formic acid, acetic acid, ete., are often produced in lactic
acid fermentation of carbohydrates,  But, as far as my observa-
tion goes, these hy-products are produced in comparatively very
small quantities, =o that they pertform no important role in the
various processes in the human mouth.  Moreover, direct state-
ments as to the detection of these acids in the human mouth are
entirely wanting in the literature of this subject. A great deal
has been said about butyric and acetic acids as causes of dental
decay. These statements, however, have no scientific founda-
tion whatever.  Any other prooft’ of the presence of these acids
in the human mouth than that which I myself” have produced
has not been given.

2. The Spontancous Butyric Acid Fermentation

does not appear to take place in the human mouth ; at any rate,
the Bacillus butyricus has not been detected in 1t; furthermore,
the free access of air is not favorable to the development of this
bacterium.  Whether other kinds of the butyrie acid forming
bacteria, which are tolerably widespread in npture, oceur in the
human mouth and there cause their characteristie fermentation,
1= not known ; the IHIE-'-Hi!Ii]it}' iz not to be excluded. 1 DI]]}' atlirm
that as yet the occurrence of butyric acid fermentation in the
human mouth has not been proved.
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8. The Acetic Aeid Fermentation

certainly does not occur in the oral cavity, for the simple reason
that thiz fermentation cannot take place at a higher temperature
than 353° C.; hesides, the necessary quantity of’ aleohol and of
aclid essential to this fermentation is wanting.  Fscherich® dis-
covered in the intestinal tract of a child a micro-organism called
by him Bacterium luet’'s aérogenes, to which he aseribes the pure
lactic acid fermentation.  According to Baginsky,” however, it
develops only minute quantities of lactic acid and protuse quan-
tities of acetic acid.  Nothing is known as to its occurrence
in the mouth.  Among seven of the bacteria which Vignal ex-
amined, he found one which brought about a fermentation of
earbohydrates, by which, in addition to other products, aleohol
and carbonic acid were formed.

4. Diastatic Action 4_-,f' Mouih-Bacteria.

The bacteria which I examined very seldom displaved a dias-
tatic action.  Indeed, out of nine different kinds I found but
one possessing a pronounced saccharifving action.  This bacte-
rinm formed from starch a kind of’ sugar having the power of
reducing the oxide of copper, and then further decomposed the
same under development of an acid reaction. It is frequently
asserted that a bacterinm possesses a diastatic action, simply be-
canse it grows on slices of boiled potato. This assumption,
however, iz inadmissible, inasmuch as the micro-organizmsz are
by no means restricted to the potato starch alone, but may also
derive nourishment tfrom the albumen, sugar, ete., of the potato,

5. Inverting Action of Mouth-Bacteria,

Cane-sugar, C,H,,0,, (which is unfermentable, does not reduce
oxide of copper in alkaline solutions, and turns the plane of
polarization to the righ), treated with a ferment, soluble in
water and contained in beer-yeast, higher plants, and apparently
also in many fungi, will, on the addition of water, be converted
into invert-sugar. The latter is a mixture of grape- and fruit-

8
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sugar, which turns the plane of polarization to the lef?, reduces
cupric to cuprons oxide, and is directly fermentable,

C,H,.0, 4+ H.O=CH,O0, | CH,O,

Cane-sngar. Water. Grape-sugar.  Fruit-sugar,

The ferment which oceasions this conversion of cane-sugar,
designated as a hydrolytic decomposition, seems to be produced
by many mouth-bacteria, sinee under their action cane-sugar very
soon acquires the properties of invert-sugar.

That thiz conversion iz really due to the action of an enzym
formed by and separable from the bacterium, I have, as I think,
proved in one case by the following experiment. A number of
cultures in Florenee flasks having been made at the same time,
[ was able after fortyv-cight hours to obtain the bacteria which
had collected at the bottom of the vessels in considerable guan-
tity. In this way I obtained about 10 c.em. of a rather thick
pap. The organisms were then devitalized by 90 per cent.
aleohol, dried in a porcelain bowl, rubbed with sand, thoroughly
sonked in water, and filtered. The filtrate, or watery extraet,
which must be clear, was added to a cane-sugar solution at
room temperature ; this solution then showed in the long tube
of a Mitscherlich donble-shadow polaristrobometer a rotation of
5.19 as the average of nine readings. The solution was left
standing in a damp ehamber for four honrs at 39° C., whereupon
it produced a rotation of 4.98. There was conzequently a de-
creaze of two-thirds of a degree, indicating a corresponding in-
version of the cane-sugar =olution. The solution also caused a
slight reduetion of an alkaline solution of sulphate of copper.

Many ferment bacteria of the mouth do not seem to be depend-
ent upon the presence of free oxveen for their fermentative
action. I have made enltures in which (1) the air was excluded
by a thick layer of oil; (2) in vessels from which the air had
been exhausted by a mercury air-pump; (3) in vessels which
had been freed from oxyeen by an alkaline solution of pyrogallic
acid. It was ascertained that as much acid was generated in
these cases as when the air had free access.  We must conclude
from the above that fermentation itself’ is not a process which re-
quires oxygen, since the traces of oxygen still present in these
experiments were entirely out of proportion to the acids tormed.
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B. Action oF THE MouTH-BACTERIA ON ALBUMINOUS SUBSTANCES.

By far the majority of mouth-bacteria, in fact of all bacteria,
possess an action similar to pepsine, in converting (peptonizing)
coagnlated albumen into soluble modifications. The essential
difference, however, consists in this: that, while pep=ine exerts
its peptonizing action only in the presence of acids (especially
muriatic), bacteria exert it in neutral or alkaline media also.
The albuminous substanees, theretore, even when insoluble, offer
an excellent nutrient medinm for bacteria. The products arising
from the development of mouth-baeteria in albnminous media are
the same as those arising from putrefaction of organie substances
in general. These are chiefly bad-smelling gases, sulphuretted
hydrogen (SH,), ammonia (NIH,); further, CO,, LN, sulphide
of ammonia and the produets mentioned on page 28. The re-
sultant reaction of all the products of any process of putrefaction
is, as far as my observations go, invariably alkaline.

In my experiments the albumen was so congealed in the test
tubes as to expose the largest possible surtace, i.e., the tubes were
prepared in the same way as tubes of beef-blood serum. If
kept in a damp chamber to prevent drying up, the material may
be held ready for use for any desired length of time. Four of
the bacteria examined would not grow on this medium, six
exhibited but limited growth, while the others developed com-
paratively well, in some cases completely liquetying the albumen.
Whether these bacteria produce more peptone than is necessary
for their own nutrition, and whether and to what extent they
might thereby benefit the human body, is a very difficult prob-
lem. In a large quantity of coagulated white of egg inoculated
with a baecillus from the mouth, which showed intense putrefac-
tive properties, I was able on the third day to detect traces of
peptone by means of' the biuret test.

In the presence of small quantities of sugar the characteristic
phenomena of putrefaction are much less pronounced, or are
altogether wanting. No bad-smelling products are formed, or,
if formed, they immediately undergo further changes, and an
acid reaction takes the place of the alkaline. I found that a bac-
terium, tested particularly in rveference to this point, occasioned
a neutral reaction in the presence of {4 per cent. of sugar when
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cultivated in a 3 per cent. beef-extract solution.  Inerease of sugar
cansed acid reaction, while a diminution rendered it alkaline.

The products arising from the process of assimilation and
growth ot the living cells, or, in other words, their waste pro-
ducts, are =uch as impart an alkaline reaction to the medinm ;
those arising from the fermentation of sugar are acid. The
resulting reaction depends upon the predominance of the former
or the latter. In my opinion, no sharp distinetion can be drawn
between fermentative and putrefactive bacteria, since many of
the former possess alzo a terment which decomposes albumen
under formation of the characteristie produets of putrefaction,
while, on the other hand, there are fungi which, though regarded
as putrefactive, when cultivated in saccharine solutions eause
them to ferment without displaying the slightest signs of’ putre-
fietion.

One of the mouth-bacteria I examined rapidly dissolved boiled
white of cge, forming bad-smelling produets, among which sul-
phuretted hydrogen and ammonia were easily detectable. It
alzo showed an Inverting action, transtforming cane-sugar into
dextrose and levnlose: in the third place it decomposed fer-
mentable sugars into lactie acid with generation of carbonie acid ;
it, fourthly, caused an acid reaction in an amylaceous beef-extract
solution, investing this solution at the same time with a slight
power of reducing cupric oxide ; in other words, it exerts finally
a diastatie action also,

By-products presumably also arise in the last stages of these
varions fermentations, making the transformations cansed by one
and the same organism and the substances produced by it very
numerous.  This fact explains the profusion of products which
may arise in putrefying mixtures, and makes the supposition
somewhat doubtful that the number of kinds of bacteria in a
fermenting mixture coineides with that of the products of fermen-
tation. The twenty to thirty different substances which may be
formed in an exposed putretying mixture are not produced by
one organism alone : it iz, however, not in accordance with the
fucts to assume that each product or each stage requires a differ-
ent organismn.

Pure putrefactive processes are found in those localities of the
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oral cavity where no carbohydrates exist, or where their amount
is very insignificant as compared to that of the albuminous sub-
stances,—for example, in gangrenous pulps, also when particles
of meat decompose between the teeth. Pledgets of cotton
pressed slightly against the gums absorb the albuminous secre-
tion of the inflamed gums and very soon emit the disagreeable
odor of putrefaction.  Uleeration or slonghing of the gums (sto-
macace, stomatitis uleerosa, ete.) iz, as is well known, likewize
a companied by marked signs of putrefaction. It cannot be
doubted that putrefaction alkaloids, ptomaines, must be formed in
considerable quantities during the intense putrefactive and fer-
mentative processes which are too often observed in very nnelean
mouths, but what part they plav and what influence they have
on the loeal and general state of the body has not yet been fully
ascertained. (See Chapter XL.)

(. FErMENTATION OF Fate axp Farry Acips 18 THE ORAL
CAvITY.

Whether and under what conditions the fermentation of fats
and fatty acids (mentioned on page 26) takes place in the human
month I am not at present able to state. Since, however, the
salts most liable to canse fermentation (lime-salts, especially lac-
tate of lime) are constantly being formed, we have every reason
to suspect that such fermentations do there ocenr.

. NITRIFICATION AND DENITRIFICATION I¥ THE MouUTH.

On page 30 I gave an account of various experiments which
have shown that fermentation processes in the soil, as well as in
artificial media, where there is free access of air, may lead to
the formation of nitrates from organic matter, and that, on the
other hand, nitrates may be reduced to nitrites or to am-
monia when the air is excluded. The formation of nitric acid
in the human mouth has, as will be known to many, been advo-
cated by Watt, the ammonia, undoubtedly formed in the mouth
in certain quantities by the putrefaction ot albuminous substances,
hecoming, according to his view, oxidized to nitrie acid. This
assertion of Watt is, however, not based upon experimental
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evidence, The gquestion now arises whether, in the light of the
facts recorded above, such a process can ocenr in the mounth by
the ageney of a ¢ ferment nitrique™ 7 This guestion can be solved
by experiment only. The fact that nitric acid does not oceur n
the mouth in appreciable quantities speaks against it.  Further-
more, the process of nitrification demands an abundant supply
of air, while the centers of fermentation in the month are but
sparingly supplied.  The assumption that not oxidations but re-
ductions may take place in the human mouth to some extent is
much more in accordance with our knowledge of the conditions
under which oxidizing or reducing processes may be eftected by
bacteria.

The nitrous acid compound found with tolerable constaney in
mixed saliva we may presume to be formed by the reduction
(denitrification) of nitrates contained in water and in vegetable
nutrients,

[t is, to say the least, very doubtful whether the fermentations
mentioned on page 27, in which lactie, acetie, butyrie, and pro-
pionic aecids, ete., are formed, take place in the oral cavity to any
considerable extent. No experiments have been made relating
to this matter.
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CHAPTER VL

ACTION OF THE PRODUCTE OF FERMENTATION ON THE DIFFERENT
STRUCTURES OF THE MOUTH.

It might appear from a superficial observation that the pro-
ducts formed by the above-mentioned fermentations, of which
one or more is constantly going on in the mouth, do not exert any,
or at most but a slight deleterious influence on the soft tissues.

Jonsiderable quantities of food may remain in contact with-the
mucous membrane of the eums and cheeks for some length of
time without exciting any apparent local disturbances, which
might not be explained by the mechanieal irritation caused by
them. A more thorough examination, however, will enable nus
to trace serious loeal and general diseases to the influence of
parasites in the mouth. These disorders will be discussed at
length in Part II. For the present [ propose to consider that
particular action of the parasites and their produets which has
as 1ts result the mostdrequent and widespread of all diseases of
the human body,—

THE DECAY OF THE TEETH.

The destruction of the hard substances of the teeth, commonly
known as caries of the teeth, decay of the teeth, tooth-rot, ete.,
has, more than any other topic in the domain of dentistry, con-
tinued to excite the scientific interest of dentists and physicians
for more than two thousand years. The numerons theories
which have been held at different times concerning the origin
of dental deeay prove that the problem is no easy one. Not one
of them has as yet been universally accepted.  Among the canses

119
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which have been assigned for decay of the teeth the following
are the most important :
1. Depraved juices accumulated in the teeth.
2. Disturbances of nutrition. .
3. Inflammmation.
4. Worms.
Putrefaction.
Chemieal dissolution.

'|_|.

0

Parasites.
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. Diverse causes.
10. Chemico-parasitic influences.

THE STAGXATION OF DEPRAVED JUICES IN THE TEETH

was first designated by Hippoerates (456 p.c.) as the causze of
toothache. _

Kraiitermann™ (1732) gives a similar explanation of caries ;
“The teeth are corroded by the great influx of the lymphse acri-
oris, The fermento acri rodente in the hollow tooth reappears,
after being removed by the application of remedies.”

This theory was held for many centuries. Bourdet™ (1757) .
alzo accepted it:  When the juices contained in the vessels of
the teeth are too thick, they stagnate, decay, and soon attack the
tooth.”

Benj. Bell (1787), Serre (1788), Kappis (1794), and othcrs™
acense the juices carried to the teeth of playing an important
]ml‘t i the ul‘i}_{'in of llm-;l.\.'.*

IMSTURBANCES OF NUTRITION A8 (CAUSE oF IDEcay

are alluded to by Galen (131 a.p.). He =ays, *The lack of
nutrition makes the teeth weak, thin, and brittle.  An excess of
nutrition excites a Kind of inflammation similar to that of the
=oft parts.” A deficiency of nourishment not only canses the
tooth to die away, but also (rlL]il!‘;.{'l.':-‘- the cavities, Cl'lll‘llhling, cor-

# A detailed treatise of the old literature on diseases of the teeth is found in
Schlenker @ and Caralielli ™ From these sutliors souee ol thie following relerences

were olitain .
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roded teeth are to be treated with astringents.  Galen explained
the loosening of the teeth by an excess of moistare, which
impairs the nerves.”

This view is alzo held by Aétins of Amida (550), partially,
too, by Ebn-Sina (Avicenna, 978-1036), and Serapion™ (1002).

IsrrammaTion Tueory oF D Ecay.

A great number of writers even up to the present time have
regarded tooth-decay as a process of inflanmmation.  As early as
131 a.p., Galen mentions a kind of inflammation which is ealled
forth in the tooth by exeessive nourishment.  Eustachius™ (1574)
expresses himselt’ more definitely : * Redundantio, quamris dendes
substantiom duram habeant ac prope lapideain, simidem in ets affec-
fimem exeital cujusmodi est civea carnosas partes inflammatio quod
sane ut admiratione dignum sit tomen ex aliments copia accidere posse
et Galenus testatur el vatio ipsa confirmal.”

John Hunter™ (1778) approaches the inflammation theory
when he says (after having designated caries as mortification),
“Tam apt to suspect that during life there is some operation
going on which produces a change in the diseased part.”

Kappis (1794) expresses the same views,

Joseph Fox™ (1806) says, ** The diseases to which the teeth are
subject have their origin in inHammation.”

Thomas Bell™ (1831) characterizes caries of the teeth as gan-
grene, and says, * The true, proximate canse of dental gangrene
is inflammation.”

E. Neumann,® Hertz,® Koecker,® and others entertained the
same views.

Koecker writes, * Caries, in fact, is that state of the tooth in -
which mortification has taken place in one part and inflamma-
tion in the part contiguous to it, the former originally produced
by the latter, and the latter continually kept up by the former.”

In more recent times the inflammatory theory of dental decay
has derived its chief and almost only support from the contribu-
tions of Frank Abbott, Heitzmann, and Boedecker.™ These
authors have strenunously advoeated the view that ¢ there occurs
a primary inflammation in dentine independent of pulpitis or
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pericementitiz, ranning itz courze in the middle of the dentinal
tissue and leading, as all inflammatory processes do, either to a
new formation or to destruction by suppuration,”  * Inflamma-
tion causes first a solution of the lime-salts, and afterward a
liquetaction of the basis-substance both in bone and dentinal
tissne.  The result will be the appearance of globular spaces or
bay-like excavations which exhibit medullary corpuseles or some-
times clear protoplasmic masses corresponding to the embryonal
stage of the inflamed tissue.” . . . By the breaking apart
of these medullary corpuscles pus may be formed in the middle
of the dentine, thus representing an abscess independently of the
pulp-tissue,” or, on the other hand, a healing process may take
place throngh the redeposition of lime-salts. The reasons given
in support of this view do not appear to me to be such as admit
of a very close examination. The first reason is simply the as-
sertion that the hardening or consolidation, sometimes believed
to take place under fillings, is * the consequence of an intlam-
matory reaction of the dentine,” and further, * instances are
not rare in which the insertion of an oxyphosphate, oxychloride,
or a gold filling gives rise to exeruciating pain. . . . The
latter result is due to intense and acute inflammation of the
dentine.”

[t i= not quite clear to me how the cazes stated by Heitzmann
and Boedecker justify the conelusions which they draw from
them. We might say that the consolidation of the dentine is
due to a continued or even inereased functional activity of the
dentinal fibrils; a number of facts might be, and have heen,
brought forward in support of this statement, though some
oppose it: but to jump at once to inflammation of the dentine,
is making rather free with logie, to say the least.

Again, pain following the insertion of fillings may be due to
the mechanical or chemieal insult to the exposed dentinal fibers,
or it may be due to the insult to the pulp itself. I cannot help
thinking that it iz here also perfectly gratuitous to speak of
inflammation of the dentine. It is not proved by the cases
referred to.

The second argument of Heitzmann and Boedecker is based
upon the utterly mistaken idea that the ivory of elephants’ tusks
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his the property of healing wounds and of encapsuling musket-
balls without the intervention of the pulp or pericementum. In
regard to this point they write, * The present writers have had
no chance to study an elephant’s tusk immediately after its in-
jury, but the illustrations, as given by Carl Wedl, are sufficient
for the assertion that all changes in the ivory are produced by an
inflammatory reaction around the foreign body driven into it.”

Against this view, obtained from the examination of four wood-
ents, we have the unanimouns voice of Cuvier, Owen, Goodsir,
Murie, Tomes, and all the most recent writers on this subject.
I personally have examined not less than fitty-two cases of gun-
shot and lance wounds of elephants’ tusks, and well-nigh one
hundred abseess-cavities, and, without entering into a discussion
of the question here, will simply state that not a single one of
all these cases affords the slightest indication of any inflammatory
reaction on the part of the ivory.

In the third place, Heitzmann and DBoedecker attempt to
establish their views of inflammatory action in dentine through
microscopical investigations. They have found and illustrated in
the articles above referred to ** excavations of the dentine which
are identical with those seen in the process of absorption ot the
dentine of temporary teeth, and those of secondary dentine in
the neighborhood of an inflamed pulp.” The thought naturally
oceurs to every one that the anthors have simple cases of absorp-
tion before them. They affirm, however, that the *diagnosis of
primary eburnitis was established by the presence of =uch exca-
vations in the middle of the dentine, without any connection with
the surface or the pulp-chamber of the tooth.”

It must be supposed that the connection or non- Fre. 53 «

connection of the excavation with the surface of the T
tooth or pulp-chamber was established by macro-
scopical examination of the tooth before cutting or -

by serial sections, since the oceurrence of absorption
lacanse in the middle of a preparation would, of
course, not exclude the possibility or probability of
an outlet on some other plane. For example, in the accompa-
nying diagram (Fig. 53 a), a root in which absorption iz going
on at @, a section through the plane & would show excavations
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in the middle of the dentine withonut connection with perice-
mentum, I primary inflammation of the dentine ocenrs as otten
as we are to infer from the communieations of Heitzmann and
Boedecker, then it is very strange that their observations have
not heen confirmed by other investigators. One might think,
too, that by placing their preparations before the many compe-
tent microscopists in various parts of’ Ameriea the question could
be very soon settled heyvond all doubt.

It is certainly owing to the authors to examine their prepara-
tions from a perfectly objective stand-point, and they also owe it
to us to place their preparations before us in order finally to dis-
pose of a subject of controversy which has already taken up
enough of the time of the profession.  For my own part, having
spent not a little amount of time in the study of pathological
conditions in human dentine and in ivory, I am forced to accept
the eburnitiz theory of Heitzmann and Boedecker (the infam-
mation, suppuration, and healing of dentine without the inter-
vention of the pericementum or pulp) with a great deal of reserve.
Not, however, having had the opportunity of examining a prepa-
ration from these gentlemen, I cannot give any definite opinion
as to my idea of the nature of the processes which they have
styled eburnitis, thongh T cannot get rid of a lurking suspicion
that it i= nothing more than abzorption.

Heitzmann and Boedecker® also elaim that the views com-
monly held regarding the development of dentine and enamel
are false. Neither the odontoblasts nor the ameloblasts take part
directly in the formation of the dentine and enamel, but these
bodies first break up into medullary corpuscles, between which
the dentinal fibers are formed, It iz not the place here to disenss
these views, They still await confirmation.

Abbott® describes deeay of a living tooth as *an inflam-
matory process which, beginning as a chemieal process, in turn
redunces the tissues of the tooth into embryonie or medullary
clements evidently the same as, during the development of the
tooth, have shared in its formation; and its development and
intensity are in direet proportion to the amount of living matter
which they contain as compared with other tissnes.”

“Micrococei and leptothrix by no means produce caries; they
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do not penetrate the cavities in the basis-substance of the tissues
of the tooth, but appear only as =econdary formations, owing to
the decay of medullary elements.”

Abbott’s communication, from which these statements are
taken, is accompanied by a nmmber of illustrations, of which
one is reproduced in Fig. 54, together with the explanation
accompanying it,

Fia. 54.

Cross-section orF Carlovs Dextise. After Abbott

“ At a certain distance from the deeay the canabieuh look
unchanged, and each contains the central transverse section of
the dentinal fiber, with its delicate radiated oftshoots (Fig, 54, «).
Nearer to the decay we meet with moderately enlarged canaliculi,
the center of which is occupied by a eluster of protoplasm, the
granules and threads of which have readily taken up the ecar-
mine (Fig. 54, ).  One step farther we find the eanalicuil con-
siderably enlarged, to double or treble their original size, and
they are filled with vellow protoplasm, plainly exhibiting the
net-like arrangement of the living matter (Fig. 54, ¢, ¢).  The



126 THE MICRO-ORGANISMS OF THE HUMAN MOUTH.

most peripheral granules send delicate conieal oftshoots through
the surrounding light space toward the unchanged basis-sub-
stance.  In some of the enlarged canalicnli, accumulations of
living matter are seen fully in the shape of nuclel. Sometimes
two or more such nuclei may be seen surrounded by a varying
amount of protoplasm (Fig. 54, d, ). Still nearer to the decay
the canalicnli are enlarged to ten or fifteen times their original
diameter, and the cavities thus produced are all filled with a
partly nucleated protoplasm (Fig. 54, ¢,¢).  Between the roundish
cavities we meet with longitudinal eavities, arisen from the con-
Aluence of several cavities in one main divection (Fig. 54, ). The
cavities continne inereasing in size, and form large spaces, with
rounded, bay-like boundaries, between which only scanty traces
of unchanged basis-substance arve left (Fig. 54, ¢.9). Lastly, the
basis-substance has entively dizappeared, and only protoplasm is
visible in it place, either in the shape of multinuclear layers
or of irregular so-called medullary elements, with rather faint
marks of division (Fig. 54, &, /).”

=o much for Abbott’s explanation of the figure. DBut what,
in reality, are those cellular elements, clusters of protoplasm,
medullary elements, ete.?  They ave masses of micro-organisms
mticed with the déheis of the decomposing dentine,

The discoveries of Abbott have received no confirmation,
whereas, on the other hand, the untenableness of' the inflamma-
tory theory has been exposed by various authors. It is not
necessary therefore to call especial attention to the many points
of Abbott’s argument, which, in my judgment, are at variance
with indisputable facts. I will accordingly content myself with
a recital of the following oft-repeated facts, which cannot be
mide to tally with the postulates of the inflammatory theory of
decay.

1. The elements which appear in inflammation of other tissues
of the animal body eannot be found in decayed dentine. Among
the thousands of preparations of decayed or decaying dentine
that I have examined, I have not found there anything which I
could identity with the process of inflammation, suppuration,
ete., illustrated by Heitzmann and Boedecker. The appear-
ances represented by these authors either do not occur at all in
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decay of the dentine, or =0 very seldom, that we could not for
a moment think of connecting them with the process of decay.
The mere detection of swelling or tumetaction of the dentinal
fibrils iz no evidence that deeay is the resalt of inHammatory
action. The custom of certain dental pathologists to assume

that every variation from the normal detected in the tissune 1= of

an inflammatory nature is about as rational as it would be for
the general histologist to aseribe the many post-mortem changes
which take place in delicate tissues, while being prepared for
examination, to inflammation.

I do not say that changes of a vital nature may not take place
in the dentinal fibrilz as a result of the action of the decay-pro-
ducing agents, or in connection with inflammation of the pulp.
Indeed, it would be strange if the acids penetrating the dentine
and bathing the fibrils did not produce some change in them.
But it remains to be shown that in either case these changes
either produce decay or accelerate the process when once estab-
lished.

Heitzmann’s® attempt to explain the inability of others to see
things under the microscope just as he sees them, on the ground
that they work with inferior lenses or that their eyes have not
been properly educated, can scarcely be said to meet all the re-
quirements of a final argument. Anyone disposed to make use
of the same sort of argument might be led to inquire whether
Heitzmann and some of his fullowers have not sometimes =een
Jjust a bit too well.

2. It is not possible to produce decay of the tooth, or anything
resembling decay, by means of any or all of those mechanical or
chemical agents which invariably produce inflammation in other
tissues.

We all know very well that we may file, grind, saw, bore, and
pound the living dentine, may break away large portions with
the forceps, or subject it to the action of the most irritating sub-
stances; indeed, we may do what we please with it, we cannot
produce in this way a trace of' caries,

The operation of filling teeth is of itself a continued testimo-
nial to the inconsistency of the inflammatory theory of decay;
for we know very well what would result it we should bore a
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hole in any tissue capable of inflammation (bone) and pound it
full of’ gold.

3. The liquetaction of the basis-substance, the melting together
of the tubules, the produetion of eaverns, ete., characteristic of
decay, cannot be found when bacteria are not present.

4. P'ulpless teeth and dead teeth worn on plates or as pivot
teeth are subject to decay in the same degree as teeth with living
pulps: they show also the same mieroscopical changes in the
structure,

5. It is possible to produce artificial changes of the dentine,
or, in other words, artificial deeay, which under the microscope
cannot be distinguished from natoral deeay.

These facts are not here brought to notice for the first time,
and are probably well known to the advocates of the inflamma-
tory theory ; they ignore them, however, completely, and thereby
admit their inability to answer them,

WorM Turory oF CARIES.

For many eenturies worms were regarded as an essential factor
in the origin of caries, and all sorts of remedies were employed
to drive them out. Thus, c.g., Seribonius™ used fumigations
against them; Ebn-Sina recommended for this purpose seeds of
henbane, leck, and onions,  Musitanus™ (1114), Kriintermann ™
(1732), Ringelmann (1824), Kremler, and many others took sini-
lar measures to get rid of the worms.  Even to this day the worm
theory is not entirely abandoned.  Among the lower classes in
many countries the belief prevails that worms are the source
of toothache, and Chinese dentists E:-'-l}i}i'iilui' are =ald to under-
stand how to make superstition pay.  When a patient with the
toothache presents himselt, ﬂlel}' are in the habit of nm]-:ing fn
inc¢ision into the gums “to let the worms out.” For this purpose
they erploy an instrument which has a hollow handle filled with
artificial worms. When the incision iz made, the operator, by a
dextraus turn of the instrnment, drops the worms into the mouth;
the excitement of the patient and the loss of blood cause at least a
temporary relief.  The worms are collected, dried, and are then
ready to be taken out of the next patient’s gmins.  The Japanese
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term for tooth-decay, or rather for a hollow tooth, is * mushi ba”
—mushi = worm, ba = tooth, therefore a worm-tooth.

In Chinese, a hollow tooth is called  chung choo,” which has
exactly the same meaning.

The existence of tooth-worms was called in question by Hol-
larius as early as 600. According to his idea, the worms are
nothing else than * particles of the henbane which fly off during
the fumigations.”

It is rather difficult to understand how the first authorities in
the dental art should for so many centuries go on accepting burnt
particles of henbane or other vegetable substances for worms.

Peter Fauchard™ (1728) also made futile efforts to discover the
worms. Pfaft™ (1756) saw worms on the gnms, ¢ particularly in
the case of very common people who are in the habit of eating
decaying cheese.” He was * not able, however, to observe that
such worms had produced toothache by gnawing,” although he
is willing to admit such a possibility.

PUTREFACTION A8 CAUSE oF DEcaAY.

Putrefaction was specified as the cause of decay by Pfatt™
(1756). * Remains of food which undergo putrefaction between
the teeth occasion decay of the teeth.” Atthe present time even,
many designate decay simply as tooth-rot (Zahnfiule) and regard
it as a process of putrefaction, overlooking the fact that an ex-
tracted tooth may be left an indefinite length of time in a putre-
fying mixture without showing any trace of decomposition.

Some years ago Mayr and Stockwell attempted to establish
the putrefaction theory of decay on a new basis. Dacteria were
said to grow into the tubules and to destroy or absorb the basis-
substance, whereupon the lime-salts fall apart. 'Tn conformity
with this theory, the analysis of carious dentine should not reveal
a decrease, but rather an inerease of lime or a loss of organic
substance. In reality, the very reverse is the case, so that this
theory soon had to be abandoned.
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CHEMICAL T'HEORY oF DENTAL DECAY. -

Up to very recent times no theory of dental decay has enjoyed
the approbation of =o large a number of distinguished odontolo-
oists as the chemical.

Paul of sEgina®™ (636) advises, “in order to preserve the
teeth, to take precauntions against the spoiling of food in the
stomach (indigestion), since the frequent vomiting resulting from
it 13 very injurious to the teeth.”

According to Carabelli, the first experiments on the action of
acids on the teeth were made by Berdmore (1771), who tested
the action of nitric and sulphurie acids. Pasch (1767), Biicking
(1782), Becker (1808), and Ringelmann (1824) attribute injurions
effects to sour food and acids. Linderer® (1837) characterizes
caries as a purely chemiecal process. Robertson® combated the
inflammation theory. According to him, caries iz a chemical
decomposition of the dental tissues by means of aecids; the
latter are formed in the mouth by the dissolution of food-par-
ticles, Rognard™ follows Robertson, and particularly mentions
sulphuric and nitric acids as products of the decomposition of
veretable and animal substances. These acids are the cause of
the decay of the teeth.

Magitot™ writes, “ Les considérations qui précédent tendent a élablir
que la carie denfaire résulfe une aliération purement chimique, exerede
sur Pémail ef Uivoire des n":'n-".'«.?," cte. Wedl™ also defends the chem-
ical theory ; he regards the action of an acid as the chief cause of
caries in all eases where even the slightest traces of decalcification
are discernible.*  The acid seeretion of the gums, especially in
the cases of children and of women during pregnancy, and the
acidity of the saliva accompanying disorders of the digestion, de-
serve special mention. Leptothrix bears no direct relation to the
origin of caries.

Tomes™ (1873) coneludes “ that caries is the effect of external
causes in which so-called ¢ vital’ forces play o part; that it is
due to the solvent action of acids which have been generated by
fermentation going on in the mouth, the buceal mucus probably

*In my opinion, decay without decalcification, which Wedl here seems to
assume, does not oceur.
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ng no small part in the matter; and when once the dis-
J‘r.egratlﬂn 18 established in some (:mltrmuta"} defective point,
‘the accumulations of food and secretions in the oral cavity will
intensify the mischief by furnishing new supplies of acids.” In
the last edition of Tomes’s work the phrase * organisms having
no small share in the matter” takes the place c-f “ bueeal mucus
probably playving no small part in the matter.”

‘Watt has also made himself conspicuous by his ﬂb-tm'ltc de-
fence of the chemiecal theory. He refers the different colors of
carious dentine to the action of various mineral acids.

J. Taft® also favors the chemical theory. * Acid mueus and
saliva, vitiated secretions, produets of decomposition of animal
and vegetable matter in the mouth, and galvanie action, mineral
and vegetable acids,” are, in his opinion, the chief causes of
dental decay.

Schlencker™ writes, “ Dental caries is therefore a purely chemi-
cal process. DBe it repeated, where there is no acid, no caries is
possible.”

Baume adheres to the chemical and opposes the parasitic
theory. ¢ The ﬁmr;i are the resull of the caries” (1)

' Comparative microscopical examinations of decayed dentine
and dentine simply decalcified by acids, and even a macroscopie
comparison of decayed teeth with teeth which have been acted
upon for a certain length of time by acids only, furnish sufficient
proof for the untenableness of the purely chemieal theory. The
microseopic changes characteristic of decayed dentine as repre-
sented in Figs. 58-88 cannot be produced by any aeid or acids.

It is not to be denied that such changes as the swelling or
tumefaction of the fresh or living dentinal fibrils may be brought
about by the action of acids, since all delicate organic tissues
suffer more or less change when acted upon by external agents.
But the enlargement of the dentinal tubules, the liquefaction of
the basis-substances, the confluence of the canals, and the forma-
tion of cavities in the dentine are absolutely inexplicable by the
action of acids in such a diluted state as they oceur in the mouth.

By the action of sugar, as well as of various acids, Magitot ™
succeeded in producing cavities in the dental tissues which were
very similar to those formed by decay. It is not difficult by the
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action of almost any acid to produce cavities especially in enamel,
gince by the decaleification the entire tissue of the enamiel 15*{1&-

stroved. Moreover, when the ﬂ\pellmunf is made in the a]r, ?

more or less dis uulﬂmt ion appears. DBy such experiments, how-
ever, nothing more is proved than the umiversally recognized
fact that acids exert a decalcifying eftfect on dental tissue. The
identity of a destructive process in the tooth with decay itself
can be established by the microscope only.

But the untenableness of the purely chemical theory of decay
has been so strikingly and repeatedly demonstrated within the
last few years that it seems unnecessary to enter upon a closer
conzideration of the subject here.

Parasitic THEORY oF DENTAL DECAY.

It is not quite certain who was the first to accuse micro-organ-
isms of being concerned in the production of tooth-decay. The
eredit of having originated this view is generally given to the
Dresden physician, Ficinus,® Prof. Erdl,* however,seems to have
been two years in advance of Ficinus. Erdl regards the ¢ caries
materie” as parasites. This on its first appearance forms upon
the erown a delicate, colorless membrane composed of cells ; later
these cells become more irregular and their nuclei more distinet.
But since Erdl employed muriatic acid to isolate his ¢ caries
matter,” it is quite probable that the delicate membrane which
he obtained was nothing else than Nasmyth’s membrane. In
order to destroy these parasites and thereby hinder the progress
of the decay, Erdl recommends creasote and nitric acid. He
first applies creasote until the * caries matter” is impregnated
with it, then nitric acid, which immediately produces violent and
complete decomposition of the creasote, as well as of the parasites
saturated with it.

Ficinus® attributes decay to the action of his ‘ denticole.”
These proliferate in the enamel-cuticle, which they decompose ;
they then attack the enamel, destroy the connection between the
enamel-prisms, and thus penetrate to the dentine, which they
cause to decay in the same manner.

Klencke® also describes a parasite, Protoeoccus dentalis, dis-
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covered by him in the human mouth, which liquefies dentine
and enamel in pretty much the same manner as the fungus Meiw-
lius lacrymans softens the wood of houses or furniture (¥).

“ We have, consequently, in this process, which I shall eall
for sake of brevity destructio dentis vegetativa, a fungus which
softens and destroys dental substances and is nourished by their
chemical elements; this parasite is a true Protococcus dentalis.”

Klencke assumed “four kinds of tooth-decay, viz: (1) cen-
tral deecay, destructio sive dissolutio dentis centralis—s. inflam-
matoria ; (2) peripheric vegetative decay (caries acuta), destruetio
dentis vegetativa, cansed by the tooth-fungus Protococcus den-
talis; (3) peripheric putrid decay, destructio s. colliquatio dentis
putrida—s. infusoria (caries acuta), caused by infusoria (dental
animalcula, denticolie hominis); (4) disintegration of the tooth,
destructio dentis chemica (caries chronica).”

Leber and Rottenstein® deserve the credit of having placed
the parasitic theory of caries on a more solid basis. They re-
garded the commencement of caries as a purely chemical pro-
cess; but as soon as the dentine is superficially decalcified the
elements of the fungus Leptothrix bucealis penetrate the dentinal
tubules, enlarge them, and thereby facilitate the rapid penetration
of the acids. These authors discovered a reaction which for a
long time was thought to be characteristic of Leptothrix bucealis,
The elements of this fungus, treated with a slightly acidulated
solution of iodine in iodide of potassinum, show a violet color.
Sections of carious dentine exhibit the same reaction. DBut, as
I have explained on page T1, Leptothrix bucecalis, treated with
iodine, gives no, or at most a yellowish, color. The violet reac-
tion of the accumulations in the mouth, as well as of decayed
dentine, is occasioned by an entirely different organism.

The communication of Milles and Underwood® presented be-
fore the Dental Section of the International Medical Congress
in London, 1881, served to revive the interest in the parasitic
theory of dental decay, which at that time appeared to be on the
wane. They noted the constant presence of micro-organisms in
decayed dentine, and the widening of the tubules produced by
them. They rejected the chemical theory of decay, and stated
their conviction that in the decay of the bard tooth-structures
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“two factors have always been in operation: (1) the action of
acids, and (2) the action of germs.,” * This theory—which for
the sake of distinetion may be called the septic—is rather an
amplification of the chemical theory than a contradietion of it.
Most probably the work of deecalcification is entirely performed
by the action of acids, but these acids are, we think, secreted by
the germs themselves, and the organic fibrils upon which the
organisms feed and in which they multiply are the seene of the
manufacture of their characteristic acids, which in turn decaleity
the matrix and discolor the whole mass.” It need not be said
that the investigations of Milles and Underwood marked a great
step in advance of anything hitherto accomplished in this diree-
tion.

Ad. Weil™ writes, * Decay generally begins from without, and
must, therefore, first make its way through the enamel-cuticle.

I regard it as highly probable that thiz fungus (Lepto-
thrix buecalis) bores directly through it. The fungi now pro-
ceed farther into the enamel and force apart its prisms, gradually
breaking up itz structure. From the enamel they penetrate into
the tubules of the dentine, which they often enlarge to three
times their natural size, at the same time extracting the lime-
salts.”

Arkovy T describes caries as “a breach of continuity of the hard
dental substance brought about by chemical action, in which the
invasion of nosogenous fungi play an essential part.”

Bastyr®™: ¢ Aslong as it cannot be shown that the appearances
observed in the decay of living teeth, decay of dead teeth in the
mouth, and artificial caries show any appreciable differences, so
long will every attempt to explain decay as a vital process be
very difficult.”

Alfred Gysi™: “ As all my experiments and investigations on
thiz =ubject have presented facts which are consistent with this
theory (the chemico-parasitic), I accept it as a satisfactory explana-
tion ot dental caries.”

([ Sudduth™ says, ¢ Dr. Miller’s theory of the formation of cavi-
4ties by the action of a digestive ferment upon the basis-substance
[ of dentine has been the only theory ever advanced that explains

the formation of cavities.”
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Peirece™ : “I am a firm believer in the fact that dental caries
cannot progress without these low forms of life.”

Allan'*: “ The germ theory is the only one so far that clearly
and satisfactorily accounts for the acid.” ¢ The germ theory
fully explains the distended tubules and the broken-down basis-
substance.”

Black™: “In this way the tubules become packed full of
organisms, and the surrounding dentine is always decaleified in
advance of the growth of the fungus by the lactic acid produced.
That this is the true explanation of the etiology of dental caries,
there is no longer a reasonable doubt.”

Evecrricar Tueory or DEcAY.

A theory making decay of the teeth dependent upon galvanic
action was promulgated by Bridgman' in a prize essay before
the Odontological Society of (Great Britain. The human mouth
is to be regarded as a galvanic battery; the individual teeth
represent the different elements, and the &.wn,tmus of the mouth
a common electrolyte. Under normal conditions the erowns of
the teeth are electro-positive, the roots electro-negative, When,
however, the roots become exposed by recession of the gums,
the exposed portion must be electro-positive. In like manner
the pulp is electro-negative to the dentine and to the enamel of
the crown. To be consistent, Bridgman should have gone further
and pronounced the dentine negative to the enamel, the cement
negative to the dentine, and the enamel positive to the cement.
The electric current generated between the two parts produces
an electrolytic decomposition of the fluids of the mouth; the
acids (electro-negative) are given oft on the surface of the crown
of the tooth (electro-positive) and cause decalcification. Further-
more, inasmuch as the * formation of the dentine is due to clec-
tro-voltaic action,” =0, too, the dentine may be directly pulled
down e]cc[ml;.timll y and dummpo:ml by the same force.

Bridgman’s treatise won the prize offered by the Odontologieal
Society for the best essay on dental decay ; it naturally excited
some notice at the time, but was not accepted with confidence.
We will nhtﬂt;o? to consider the forty-five theses of Bridgman
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geparately ; very few of them would bear a careful analysis, not
being based upon direct proof but upon certain principles or
beliets which, in themselves doubtful enough, become still more
so when applied to the teeth. For example, he says, “ The
condition and arrangement of the several layers (composing the
=kin) are incontestably those of an eleetro-voltaie series,” conse-
quently the pulp-vessels, together with the dentine and enamel,
also form an electro-voltaic series.

At present the electric theory is to be regarded rather as a
enriosity than as a theory of dental decay. Its promulgation had,
however, a secondary action which for a time was very strong,
and which is still felt to some extent at the present day ; it may
consequently not be out of place to consider it at some length.
Prompted by Bridgman’s exposition, experiments were under-
taken to determine the position of dentine in the electro-chemical
series. These experiments resulted in the establishment of the
following scale: Electro-negative—gold, amalgam, tin, gutta-
percha, dentine, oxychloride of zine--electro-positive. From this
it follows that the highest electro-motive force, or the strongest
electrical action, is generated by a combination of gold and den-
tine; combination of amalgam and dentine yields a weaker
force ; still weaker is that produced by a combination of gutta-
percha and dentine. On the strength of these and similar ex-
periments Chase'™ maintained that a tooth filled with gold would
necessarily soon become carious again on the margins of the cavity,
wherever the acid secretions of the mouth constantly bathe the
filling and the bordering tooth-substance. A tooth filled with
amalgam succumbs to this eleetro-chemical process less rapidly,
while one filled with tin still longer escapes destruction. The
comparative rapidity with which teeth filled with gold, amalgam,
and tin are destroyed is expressed by the numbers 100, 67, and
50. On the other hand, a tooth filled with exychloride of zine
becomes electro-negative by contact with this material, and is
therefore protected from the effects of acids (which are also
electro-negative),

Chase also suceeeded in obtaining experimental evidence in
support of these caleulations. He prepared pieces of vory of
equal shape and size, bored a hole in each, and filled the holes
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with different materials. After these pieces had been exposed
to the action of an acid for a week, he found that they had de-
ereased in weight in the following gradation :

The piece filled with gold - : : 0.06

TR L “ amalgam : : 0.04
o i §6 B fin ’ . 5 0.03
o ke o “  gutta-percha . . 0.01
i 4 i LU L e : 0.01
oo i “ oxychloride (Ji zine 0.00

From these results Chase concluded that gold is the worst of
all filling-materials, and laid down his notorious proposition,
“ Every tooth filled with a metal is a galvanic battery which
begins its work as soon as the surrounding liquid has an acid
reaction.” Practitioners of repute actually discarded gold as a
ﬁ]]mg-matu,nal on the strength of this unfounded statement.

It is necessary to grasp two fundamental facts in order to
understand the arguments upon which the electrical theory is
based.

1. When two heterogeneous metals (in general two chemically
dissimilar conductors) touch one another, a ditference of potential
is produced between the two conductors, charging one of them
(electro-positive) with positive electricity, and the other (electro-
negative) with negative electricity in exactly equal amounts. In
this state, the former, the electro-positive, has an increased aflinity
for electro-negative or acid bodies. The charge of electricity so
developed, as well as the increased chemical activity resulting
from it, is, however, very small.

2. In any cell of a galvanic battery acid is set free at the
positive pole and alkali at the negative, and so long as the cur-
rent continues to flow, the positive pole (when not a noble
metal) continues to be acted upon by the acid so liberated.

Therefore, if we were to take a piece of zine or a zinc model
of a tooth and make a gold filling in it or attach a piece of
gold to it, the zine would be more rapidly attacked when im-
mersed in any electrolyte than when no other metal was in con-
tact with it, and for two reasons: (1) because the whole surface
of the zine would become electro-positive by contact with gold,
and would therefore more rapidly decompose a solution and
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take the acid constituents to itself. This action is inconsiderable
as compared with the following, (2) because the electric current
generated between the two metals would liberate acid over the
whole =urface of the zine, by which the action upon the zine
would be still mueh more increased. We see, then, if teeth were
made of zine, what disastrous results would follow their filling
with gold.

But can we, without further question, assume that the same
takes place even to a limited extent, or to any extent whatever,
when a natural tooth is filled with gold or any other metal ?

In other words, do any two substances when brought into
contact assume a difference of potential, or can any two sub-
stances act as the generating plates of an electric element? An
article in the Correspondenz-Blatt fiir Zahndirzle, translated from
the Practitioner, contains the statement that a galvanie battery
may be econstructed with almost any two different substances
whatever. It is only necessary that one of them be more readily
acted upon chemically than the other.

A stick of wood and a piece of mica are two substances which
fulfill the above condition, but we would try in vain to form an
electric element by use of them; we would equally fail with
sealing-wax and glass, or with gold and glass, even though both
gsubstances might be entirely consumed in the attempt. Dut
what condition necessary to the production of an eleetrie current
is wanting in the above cases?

Conductivity.—When two chemically dissimilar substances
are made to touch one another, they do not assume a difference
of potential or become charged with electricity if one (or both)
of them is a non-conductor, and no electrie current can be pro-
duced by the use of any two chemically dissimilar substances if
one (or both) of them is a non-conduetor. Tooth-bone is a non-
conductor, and consequently cannot become electro-positive, or
be changed in potential by contact with gold, and cannot act as
the pole of a cell when immersed in an acid or salt solution.

I say that tooth-bone is a non-conductor, though the fluids
with which the tooth is permeated are conductors.

It is necessary that the difference be thoroughly understood. A
silk thread, for instance, is a perfect non-conduetor, but by dipping
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a silk thread in a salt solution, or in any liquid which conducts,
we obtain a conductor. Now, it is not the particles of the thread
which transmit the current, but the particles of the liquid; and
if we were to bring a piece of metal in contact with this moistened
thread, the potential of the particles of silk would not be changed.

This is what we have in the living human tooth,—a non-con-
ductor permeated by a conductor. If we were able to construct
a tooth of glass and fill the pulp-cavity, the canals, and tubules
of that tooth with a 0.75 per cent. solution of table-salt (which
has about the same specific resistance as the tissues of the body),
then we would have an electrical instrument similar to a living
human tooth. Such an instrument would transmit a current of
electricity ; in other words, it would be a conductor just as the
wet silk thread is, but the substance of the tooth—the glass—
could not receive any potential, even by contact with gold or
any other metal.

It has just been stated that dry dentine, as well as enamel, is
a non-conductor. Although the fact that the constituents of
which dentine is composed are themselves non-conductors justi-
fies this conclusion, it nevertheless appeared desirable to test the
question by direct experiment. This test was made in the follow-
ing manner:

A cross-section of dentine 4} millimeter thick was inclosed in
a circuit of three Siemen’s cells. The galvanometer used had a

'multiplieamr with 16,000 turns of wire and a resistance of 5000

Siemen’s units, When the cirenit was closed, not the slightest

deflection of the needle could be observed.

The section of dentine was placed between FiG. 55.

the ends of two wires which had a diameter .

of 1.9 millimeter under a pressure of about

two grams to the square millimeter. A
This experiment was then varied by inclos- , N

ing three sections in a circuit in a manner o |

illustrated in Fig. 55, so that the surface of ~—\L

contact was three times as great and the resist-

ance consequently only one-third of that in the above experi-

ment. The deflection remained, however, zero; in other words,

the resistance was infinitely great.

|
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It, as we have stated, the conduetivity of the living tooth for
electric currents depends entirely upon the liquids contained in
its pores, then dentine, which is more porous than enamel, should
show a less resistance than the latter; furthermore, a section of
dentine which cuts the canalieuli at right angles or nearly so
would have less resistance than one parallel with them, and
finally the resistance wonld inerease with that of the liquid with
which the section is moistened.

[n order to determine whether the resistances of dentine and
enamel, of eross-sections and Jongitudinal sections, in reality bear
the relations to each other demanded by the above condition, the
following tests were made :

The section whose resistance was to be determined was held
between the ends of two amalgamated zine wires, which had a
diameter of 1.9 millimeter, under a constant pressure of about

two grams to the square millimeter. The

Fic. 56. section of dentine, 1 of a millimeter thick,

was moistened with a concentrated solution
of sulphate of zine,

The arrangement of the apparatus for de-
termining the resistance may be seen in the
accompanying figure (Fig. 56).

Here I denotes two Siemen’s elements;
B, a mirror galvanometer after Wiedemann,
with 16,000 turns of wire and a resistance of
5000 Siemen’s units, having an aperiodized
magnet ring after E. du Bois-Reymond; R/, the rheostat; Wz,
the resistance to be determined; O, I, 11, II1, IV, denote the
connections with a round compensator after E. du Bois-Reymond
with the modifications of Christiani.

As result of the large number of experiments, I found that a
section of dentine ;}; millimeter thick, cutting the ecanali-
culi at right angles, had a resistance of about 1700 Siemen’s
units; that a similar section, parallel or nearly so with the canali-
culi, had a resistance at the beginning of about 8050 Siemen’s
units. As the piece began to dry, the resistance rapidly increased,
till it soon became infinitely great.

When the same sections were moistened with water, the re-
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sistance was much greater; it could not, however, be definitely
determined on account of the polarization.

It may be easily shown by the following simple experiment
that the resistance of the enamel is much greater than that of the
dentine. Place one pole of a battery consisting of four Siemen’s
eells upon the gums and the other upon the enamel of a zound
tooth, not the slightest sensation will be produced ; if, however,
we place the second end upon the dentine or upon a metallic
filling in contact with the dentine, we will at onee experience a
very unpleasant sensation.

There can be no doubt that there are electrie currents in the
mouth whenever there are teeth with metallie fillings. These
currents do not, however, exist in such a manner between the
filling and the tooth-substance that the latter could in any way be
compared with the generating plate of a galvanic cell ; they owe
their existence alone to the heterogeneity of the metallic fillings.

Electriec currents will be produced on the surface of every
filling, even of a pure gold one, when the filling does not have
the same density in all parts. They flow from the denser to the
less dense points of the surface. If these currents were even
strong enough and durable enough to be considered ag anything
more than infinitesimal, they still could have no injurious ettect
upon the tooth deserving of mention, since it eould rarely happen
that a great excess of them would be directed toward the margin
of the filling.

When two fillings of different materials, in the same tooth or
in approximating teeth touch each other, a current is produced,
which flows from the more oxidizable (electro-pozitive) metal
through the liquids of the mouth and tooth to the less oxidizable
(electro-negative). These currents, by electrolyvtically decom-
posing the liquids of the mouth, may produce injurious effeets
upon the teeth. Through them acid will be set free on the sur-
face of the electro-positive metal, which may attack the tooth at
the margin of the filling. This action, however, is very slight
at best, and appears to cease altogether as soon as the surtace of
the positive pole becomes oxidized ; in short, we have not found
in practice that such a process has any injurious eftect upon the
teeth.
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When gold plates with clamps of baser metal are put into the
mouth, a weak electric current is produced through which acid
may be liberated upon the clamp. This, in course of time, may
have a marked injurious effeet upon the tooth with which it
comes in contact. This action may be demonstrated by the
following experiment : I attached a bicuspid by means of a plat-
inum wire, twisted around the neck of the same, to the positive
pole of a Siemen’s battery of three cells, and a seeond hicuspid
in the same manner to the negative pole. The tecth were then
placed one in each arm of a U-shaped tube which was filled with
a 0.75 per cent. solution of chloride of sodinm. The cirenit con-
tained, for observing the current, a galvanometer possessing a
multiplicator of 1000 turns and a resistance of 200 Siemen’s
units.  On elosing the eirenit there followed a deflection of the
needle amounting to thirty-one degrees; after two weeks, the
deflection had deercased to cight degrees. On removing the
teeth from the solution it was found that the wire, by virtue of
the acid liberated upon its surface, had cut a groove about 3 mm.
deep around the neck of the anode tooth, At the kathode tooth
11 EII:III}_:‘FU wias {lll.‘ﬂ'-l_"l"h'i_'{!-

Eleetrie currents may therefore ocenr in the mouth (1) when
a metallie filling has not the same density throughout; (2) when
two fillings of different metals touch; (3) when a plate is com-
pozed of different alloys,

Dentine being, as shown by these experiments, an absolute
non-conduetor of electricity, all these electrie eurrents between
different parts of the teeth or between filling and tooth-substance
can have only an imaginary existence, and the results obtained
by Chase in the experiments referred to above must be erro-
neous, That they are utterly so may be easily determined by a
few carefully made experiments of the same nature.

I have made in all over twenty sueh experiments, with dif-
ferent substances and under varying conditions.™ The results
of ten of these experiments are given below, and each one may
draw- his own econclusions from them. These ten were not
selected from the whole number, but each alternate one was
taken in the order in which they were made. The first series of
experiments I made with ivory, the second with dentine taken
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from a fish tooth, the third with dentine from human teeth. The
pieces of human dentine were made in pairs, both members of
each pair being obtained from the =ame tooth by making a cross-
section of a sound, large molar, removing all traces of pulp-
cavity and of the enamel, and then dividing the section symmet-
rically into halves. 1In this way the two pieces of each pair were
as nearly alike as they could well be made.

In some of the experiments the pieces were filled with differ-
ent materials; in others they were suspended to equal depth in
the =olution by means of wires of difterent metals and of silk
thread, the latter method being equivalent to making fillings of
the same materials, the silk thread corresponding to a filling of
wax; the wires were all of the same diameter. In the sixth
column of figures I have given the results which would have
obtained in accordance with the experiment of Chase, on the
theory that if gold causes a certain loss in weight, amalgam
will cause two-thirds the same; tin, one-half; gutta-percha, one-
sixth; wax, one-sixth, while the piece filled with zinc-oxyehlo-
ride suffers no loss in weight. The balance used was capable of
noting a variation of two-tenths of a milligram.

I.
Suestaxce. | VWEISHT | oo rron TiuE SvspExpEDBY | 1058 I¥ | Coupami-
ABLE | 1x Mas. LA i : sl WEIGHT.  =o0%.
LIvory | 1156 Sulphurie | Six weeks Gold wire | 206 | 206
acid, 1 per
cont. i
LS o Zulphuric | o Silk thread 41.1 a.l
actd, 1 per
= cent. ; l T e e s e e
III.
1. Ivory M0 [Vioegar  Two weeks Gold wire 6.0 T6.0
= o e 55 Platinum wire Th.4
: LY (1} wn LT} G‘}DHEI - ?_Ij.q}
s o el o |Tin i 7l a8.0
RAbY -, g | ISilk thread | 768 157
Y.
1. Dentine from Q10 Lemon-junice | Eight days Gold wire 2480 245.0
fish tooth V' k- |
2 Dentine from = =Rilk thread 2440 | 1.8
~ fizh tooth - —— —
\ VII.
1. Dentine from | 39.3 | Acetic acid, | Ten days Gold wire 50 | a0
human tooth 20 per eeot. i |
2. Dentine from 1t | Agatic moid, i Silk thread 4.6 | 0.5
human tooth 20 per cent.
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IX.
SUBSTANCE. ﬂc lm;ilat:. SOLUTION. Tixg. | SUSPEXDED BY 1 h":l‘:“i!; ﬂu:{m_u:v
L. Lvory 201.5 ﬂ}'il_riwlhlurii: One week  Gold wipe LEE 539
PEEETH P
per cent.
B iR o Hydrochloric i Silk thread 540 B0
acid, '
peer coml.
Y
1. Ivory 1.5  Sulphuric One week  Gold | T3 g
| acud, 2
per cent. |
. T Eulphuric | “ Amalgam 7.2 5.0
acid, 2 |
per cent. | |
Bt 7 Bulphorie = Tin 6.3 a
acid, 2
per cent. | e -
" L *  [Bulphurie e dinc-oxyehloride | 6.5 0.0
acil, 2
e & por cent. iy A e )
XIII.
1. Ivory 195.5 Lemon-juice |One week  Gold i#=,0 .80
BrREY = % o Amalgam 8.5 45,3
B e " i [ 2 Tin L 3.0
R e i = Linc-oxyehloride T4 [IXT}
XV.
1. Dentine from 884 Aceticacud, |Two weeks Gold T
human tooth 20 per cf : :
2. Dentine from 2 Acetie acid, - Zinc-oxychloride | 14.9 | 0.0
huiman tooth M) per ct. |
LYIIL.
1. Dentine from 70.9  Lemon-juice Six days |Gold #96 |  #6
human tooth
2, Dentine from o2 = & Zinc-oxychloride . 486 0.0
human tooth i
XX,
1. A zound hi- MR, Acetio acid, Three w'ks GGold a4 | o0
enspiil ; dilute ; :
2, A sound bi- 50 | Acctieacid, 3 finc-oxychloride | 82.0 0.0

_cnspid

~dilute

Diverse Cavses or CARIES.

Mechanical injuries, particularly such as are caused by sharp
or rough particles of food (splinters of bone), sharp tooth-powders,
sudden changes of temperature, climatic influences, humidity
of the air, use of tobacco, medicines, mineral waters, mercury,
mental exertion, the quality of the food, erosions, * salty,
acid, pointed or rough particles which irritate the very delicate
membranes of the alveoli or the nerve-filaments,” ete., are men-
tioned by many as the cause of toothache.
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Some also accuse sugar or strongly sugared beverages. Ovel-
grin  (1771), Pfaftf™ (1756), directed attention to the bad teeth
of contectioners, while Peter Forest™ (1597) pointed out the
oceurrence of a similar malady in the case of apothecaries, * who
ruin their teeth with licking the juices.”

Westeott holds that sugar is injurious only on account of its
fermentation products, viz, lactic and butyric acids, At present,
sugar is universally regarded by dentists as well as laymen as
injurious to the teeth. Many investigators, as Fauchard (1728),
Angermann (1806), Guttmann (1827). Desirabode™ (1846), ete.,
distinguish external and internal or local and general causes.
Faunchard also mentions different forms of decay, such as scrofu-
lous, scorbutic, moist, dry, superficial, deep, ete,

As external causes, were mentioned mechanieal, chemieal, ete. ;
as internal, bad juices, deformities, eonstitutional diseases, ete.

10



CHAPTER VIIL

ORIGINAL INVESTIGATIONS ON THE DECAY OF THE TEETI.

INTRODUCTORY IREMARKS 0N THE I1stoLocy AND CHEMISTRY OF
THE TEETH.

Tne peculiar structure of the hard dental tissues, especially of
the dentine, not only determines to a great extent the manner in
which the change designated as decay advances in the tissues,
but also accounts for the microscopic appearances characteristie
of this disease, and also greatly influenees the spreading of earies
in the tissnes. I shall, therefore, as briefly as possible, call atten-
tion to those structural properties of enamel and dentine, which
are of special significance.

Furthermore, an intimate knowledge of the chemical compo-
sition of the hard dental tissues is requisite to an understanding
of the process of decay.

Dentine forms the chief constituent or fundament of the
human tooth, and retains approximately the original form of the
tooth after the removal of the enamel and cement. For our
purpose, dentine may be defined as a dense, glue-giving basis-
substance, impregnated with lime-salts and traversed by sheathed
tubules radiating from the pulp-chamber. These, the dentinal
tubules, have a diameter of 1.3-2.5p¢; their average diameter is
consequently greater than that of bacteria, with the exception
of Crenothrix, Beggiatoa, and a few other species as yet not met
with in the human mouth. They are straight or slightly undu-
lating, and radiate from the pulp-chamber to the surface of the
dentine. They are not empty, but contain living matter, and,
by means of their many ramifications and anastomoses, form a
delicate net-work, particularly on the border of the enamel. The
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quantity of organic substance near the enamel and cement may be
increased by numerous small interglobular spaces (stratum granu-
losum) filled with protoplasm. Larger interglobular spaces are
also often found in dentine, especially in teeth of poor structure,

The sheaths of the tubules are remarkable for their great
power of resistance to acids and to putrefying agents. Accord-
ing to Hoppe-Seyler,” the tubules of many fossil teeth may be
sufficiently isolated az to permit of examination under the micro-
scope. The isolation is performed by extracting the lime-salts,
washing carefully with water to remove the salt and acids, then
boiling for a certain length of time in water.

The enamel covers the crown of the tooth somewhat like a
thimble. At the margin, that is, at the neck of the tooth, it is
very thin, thicker toward the grinding-surface, and thickest on
the eusps of the molars, where it sometimes has a thickness of
2.5 mm.

It is the hardest tissue of the human and animal body. Ac-
cording to Hoppe-Seyler, only the siliceous urinary calenli which
oceur in ruminants, and, perhaps, the siliceons sheaths of bacil-
laria, exceed it in hardness.

In the fissures of molars and bicuspids, as well as in the fora-
mina ececa of molars and superior lateral incisors, the formation
of the enamel-cap is very imperfect. These localities conse-
quently form loci minoris resistentice which but feebly resist
the attack of caries, Indeed, they rather induce it by the reten-
tion of food-particles. The fissures, cracks, ete., of old enamel
act in the same way, although in a minor degree,

Morphologically, enamel consists of four- to six-sided straight
or undulating, usually parallel prisms, which are separated by
an extremely thin layer of intervening substance (binding sub-
stance). The spaces between the prisms are, however, under
normal conditions, by far too narrow to permit the entrance of
micro-organisms,

The enamel-cuticle (Nasmyth’s membrane) forms a thin, trans-
parent, glueless layer on the crown of every tooth, in so far as
the latter is not worn down by mastication. It resembles the
sheaths of the dentinal tubules in the high power of resistance
which it shows to the action of acids and putrefactive agents,
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The structure of cement is similar to that of bone, from which
it differs, however, particularly in the absence of Haversian
canalg, which, if present in the cement, would naturally render
it far more susceptible to the action of external agents than it in
reality is,

The relation of Sharpey’s fibers to the progress of deecay in
the cement is very significant ; they may accordingly claim espe-
cial mention. Without concerning ourselves about the genesis
of these so-called penetrating fibers, or fibers of Sharpey, it
may suflice to say that they indieate the presence of tubules or
canals running perpendicular to the longitudinal axis of the tooth,
pre=ent in all parts of the cement, but particularly numerous at
the neck of the tooth. In ease of decay, the micro-organisms are
seen to penetrate these canals very much as they enter the den-
tinal tubules. They thereby facilitate the invasion of bacteria
into the interior of the cement, often making the course of
cement-decay very similar to that of dentine-decay.

CuemicalL CoMrosiTioN oF THE HaArp DENTAL SUBSTAXNCE.

Numerous analyses of the hard tooth-substance have been made
by difterent chemists. Some of the older ones, however, are un-
reliable, and the results obtained are at variance with each other.

Dentine containg a quantity of organic substance which is
subject to slight variations in different teeth ; in very hard den-
tine it amounts to about 26 per cent., in very soft to 28.5 per
cent. These variations, however, stand in no direct proportion
to the hardness of the dentine ; that is to =say, we find much
greater differences in the density of the dentine of different
teeth than we do in the parcentage of lime-salts which they con-
tain. They probably do not relate to the normally formed
intertubunlar substance, but depend upon the composition of the
entire mass of dentine, including the tubules, interglobular
spaces, ete.  For example, a tooth with wide tubules and large
interglobular spaces would, on analysis, give a higher percentage
of organic matter than a tooth with narrow tubules and smaller
interglobular spaces, even though the intertubular substance
should have exactly the same composition in both cases.

In like manner, differences in the proportion of organic matter
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in the compact and spongy parts of one and the same bone are
not to be attributed to the bony matter itself, but to the whole
bone, including the contents of the lacunsze, Haversian canals,
ete. (Hoppe-Seyler).

In the compact matter of the femur of women aged ninety-
seven, eighty-eight, eighty-one, eighty, and twenty-two years re-
spectively, Fremy found the same quantity of organie substance
as in the case of a new-born female child.

In conformity with these and other similar results, Hoppe-
Seyler maintains the unchangeableness of the combinations
occurring in bone, dentine, ete. If Hoppe-Seyler’s conception is
correct, the small increase of inorganic matter supposed to oceur
in senile teeth is not to be explained by an increased amount of
lime-salts in the dentine, but must be attributed to a decrease in
the volume of the soft tissues of the dentine,—in other words,
by a formation of basis-substance at the expense of the tubular
substance. We shall recur to this question in our remarks upon
the transparency of dentine.

The organic constituent of dentine yields glutine when boiled
with water, and readily undergoes putrefaction.

The enamel contains but two to five per cent. of organie sub-
stance, and usually falls completely to pieces during decalcifica-
tion, unless special precautions are taken. This remnant of the
enamel-forming organ is of epithelial origin, and consequently
yields no glutine when boiled in water.

According to Hoppe-Seyler, bone, dentine, and enamel all
contain (P0,),Ca,,CO,, or 3[(PO,),Ca,]CaCO;—that 1s, saturated
caleium phosphate carbonate in a combination which corresponds
to apatite (PO,),Ca, FI1,.

The following analyses of the ashes of bone, dentine, and
enamel gave values which conform with this view :

Bone.* Dentine.t Enamel.}
Ca 87.99 Ca 387.54 Ca 88.31
PO, 5491 PO, 56.05 PO, 56.20
CO, 4.98 Co, 4.79 CO, 5.60
Fl 1.24(%) Ci 0.47
Me  0.83 Mg  0.38

* A(;_";,J]‘I:llng to Wildt. f ﬂ.vam:.:ﬂ of several analyses.
+ According to Hoppe-Seyler.
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Notwithstanding the very considerable difficulties attending
the analysis, we notice a marked conformity between the values
found and those caleulated from the atomic complex (PO,),
Ca,,CO,, since the latter demands Ca 38.83 per cent., PO, 55.34
per eent., CO, 5.83 per cent.

The question whether this combination has been brought to-
gether by the glue-giving substance (glutine) had to be answered
in the negative, as it also occurs in enamel which contains no
glutine.

Anotherquestion which has been broached by Hoppe-Seyler now
engages our attention : What is the relation of these salts to the
glue-giving basis-substance ?  Are they precipitated in the earti-
lage according to physical laws, or are they held together by means
of the organic substance, and do they enter into a chemieal union
with it? This is a matter of importance for the understanding
of certain pathological phenomena exhibited by the teeth. As
emphasized above, the variations in the amount of salts in the
dentine are by no means great enough to explain the variations
in hardness. But in the case of a chemical union between the
organic and inorganie constituents of the tooth, we should expect
to find dentine hard or soft according as the union is firm or
unstable.

Unfortunately, our knowledge of -the nature of the combina-
tions oceurring in teeth is as yet verv incomplete, nor does it at
present appear how we may approach this problem experiment-
ally. * No aflinities are known which might make a chemiecal
union conceivable, nor do we know any physical conditions
which eould explain the impregnation of the organic substance
with this caleium phosphate earbonate.”

The density of the dentine eartilage isabout 0.55, eonsequently
about equal to that of bone; this, by the way, shows that the
substance of the odontoblasts, as well as that of the osteoblasts,
must undergo a very great condensation during or before caleifi-
cation,

The density of the organie substance of enamel, on the other
hand, is only about 0.075. Regarded from this point, the forma-
tion of enamel is a process which essentially differs from the
formation of dentine and bone.
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PHYSICAL PHENOMENA OF DENTAL DECAY.

. DEcaY oF ENaAMEL,

In making a study of the phenomena of dental decay which is
intended to be anywise complete, it will be necessary to subject
the physical, chemical, and microscopical changes of the tissues
involved to a rigid examination.

Let us begin with the plysical phenomena of dental decay, in so
far as they are revealed by inspection with the unaided eye or by
examination with such simple instruments as excavators, probes,
ete. A clear insight into the macroscopical changes which oceur
at the beginning of enamel-caries can be gained most easily from
a freshly extracted molar or bicuspid, decayed on the approximal
surface. Cases of fissure-decay are not serviceable for this pur-
pose, because the appearance of the decaying enamel is here
generally obscured by other processes oceurring simultaneously
(precipitates, discolorations, ete.).

Suitable material is not always easily obtained, because teeth
showing the very first stages of decay are seldom extracted, and
because earies on the approximal surfaces of unextracted teeth
becomes apparent only after it has made considerable progress.
The opportunity of observing decay at its beginning is therefore
very rare. .

As the first indication that the process of destruction has begun
on the external surface of the enamel, we notice that it has lost
its normal polish and transparency ; then a whife (not black) ir-
regular spot of chalky color appears; a sharp instrument (e.g.,
the point of a needle) will not easily glide over the surface, but
will readily detect the presence of a slight ronghness caused by
a softening or disintegration of the enamel, by which it is.
gradually changed into a soft cheesy powder. This dissolu-
tion of the enamel may be best observed when decay advances
from the dentine upon the inner surface of the enamel (secondary
decay); here the broken-down enamel-prisms cannot be washed
away, so that quite a thick layer of a perfectly whife cheesy sub-
stance may often be found.

In primary decay the disorganized enamel-prisms are soon
mechanically washed away, whereby an excavation or cavity is
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formed. The form of the cavity depends upon various cireum-
stances, among others upon the breadth of the surface of contact
with the adjacent tooth, also in a high degree upon the structure
of the enamel; it is sometimes flat and broad with scarcely dis-
tinguishable marging, sometimes narrow and deep with sharp
ragged margins, Soon after the commencement of decay, a more
or less pronounced discoloration sets in. In my opinion the
view held by some that this discoloration is to be regarded as the
first sign of decay is based on an error which iz to be explained
only on the supposition that the advocates of this view have not
examined decay in its earliest stages,

A discoloration of intact smooth enamel does not oceur;
some change or other must have taken place in the enamel before
a discoloration can take place, and this change is nothing else
than a softening or decaleification of it.

This discoloration appears in very different grades; when the
decay proceeds very rapidly (caries acutissima), it is slight or
wholly wanting (white decay). In other cases, only the margin
of the enamel is eolored brown to black while the center of the
cavity remains white. When the decay proceeds very slowly,
that is, when it is of long standing (caries chronica), the greater
part of the affected tissue 1s deep brown or black. This is also
the case where the progress of the deeay has been interrupted,
as is often observed on the approximal surfaces of teeth which
have been exposed by extraction of the adjacent tooth. Such
cases are usually designated as caries nigra (black decay). This
badly-chosen term must, however, not mislead us to suppose that
we have to do here with an especial form of decay. As a matter
ol fact, we are scarcely entitled to speak of such places as decay
at all, any more than we are to say that a man with a pock-
marked tace has got the smallpox, because they do not indicate
that the proeess of decay is going on at the time being. They
are simply degenerated tissue which in the course of time has
become discolored by oxidation, precipitation, or other processes
of this nature.  Decay-marks: would be a much better name for

=1eh spots,
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h. DEcAY oF DESTINE.

By the progress of the above-deseribed process the destruetion

of the enamel spreads until the surface of the dentine is reached
(Fig. 57). Here the disease tak s on a very different form, inas-
much as we no longer find
the tissue being changed into Fia. 57.
a soft cheesy mass, but into a
tough eartilaginous substance
which does not readily fall to
pieces or yield to the slightest
friction, as does the decayed
enamel, ‘but may retain its
form for some time. This
stage is designated as soften-
ing of dentine, and is condi-
tioned, as will be seen below,
by a more or less complete
decalcification of the dentine.
The softening spreads in all
directions in the dentine,with
a rapidity dependent upon the
intensity of the fermenta-
tion processes present in the
‘mouth and the physical and
‘chemical constitution of the
dentine.

The softened mass may be
Eaﬁi]f cut or l:I-EE]l.'.[l off’ with UxpErmixixg Exawrl Decay,
a4 sharp instrument; upon a, Massesof bacteria lining thecavity, Circan):1.
pressure, it discharges a small
quantity of a liquid which in the great majority of cases will be
found to redden blue litmus-paper, i.c., to have an acid reaction.

The thickness of the softened layer varies considerably in
different cases, for reasons which will be fully discussed in
Chapter VIII. Very soon after the softening of the dentine its
disintegration or dissolution begins, leading to the formation of
a cavity in the dentinz. The surface now appears uneven, soft, /
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anl porous, infiltrate 1 and contaminated with particles of fer-
menting food, masses of bacteria, ete.

The discoloration of the dentine is brought about by the same
causes as that of the enamel ; it also shows the same variations in
acute and chronic decay, and all shades, from the natural eolor of
dentine to black.

Asthe destructive process spreads more rapidly in dentine than
in enamel, the latter becomes usually more or less undermined,
and the cavity may acquire a shape resembling a short-necked

Florence flask (Fig. 58). The undermined

Fre. 58. enamel-margins become dry and brittle, and
cusily break oft; it therefore not unfrequently
happens, particularly in case of extensive
decay on the approximal surface, that the
cover of enamel breaks under the pressure
Uspemosise Dreay,  €Xerted by mastication and reveals a large
Flask-shaped cavity,  previously invisible cavity. Or, deeay pro-
ceeding trom the grinding-surface of molars

destroys the greater part of the dentine, so that only a perforated
enamel-cap remains; this finally breaks into pieces at the neck
of the tooth, thereby completing the de-
gtruction of the erown. In rare cases,
caries beginning on the grinding-surface
seems to proceed particularly rapidly at
the border between enamel and dentine.
The bond of union between the two tis-
sues is weakened or destroyed, the enamel-
walls break away, while a large portion of
the decalcified dentine remains (Fig. 59).

In other cases, again, the destructive
process advances most rapidly along the
line of the dentinal tubules toward the
pulp. By this means a tube-shaped cavity
The enamel-walls are broken 15 formed, as is often observed on the

off, '-:]l:l".'ﬁ:':{:::;iﬁ:]i:mm- grinding-surface. These cases are usually

RS designated as penetrating decay. DBut
these terms, penetrating and undermining decay, must not mis-
lead us, for there is no specific form of decay which shows a

Fia. 59.

DEcay oF 4 MiLk-MoLag.
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particular tendeney to penetrate toward the pulp, nor is there
one which especially avoids the pulp to spread laterally under
the enamel. The causes and the entire process are identical;
in both cases it depends only on the structure of the tooth,
whether the decay presents itself as penetrating or undermining.

In poorly developed teeth, with many interglobular spaces,
the destruction spreads rapidly on all sides under the enamel,
following the course of the interglobular zone, whereas when
the teeth are dense and completely dentinified the decay extends
more rapidly in the direction of the dentinal tubules. Itis barely
possible that an infeetion with small cocei might cause the decay
to spread laterally more rapidly than an infection with large cocci
or bacilli, since the former could advance laterally through the
fine branches of the tubules, whereas the latter would be obliged
to keep more to the main track.

When the softened dentine is strongly saturated with liguids,
as is the case in caries acuta, it has been designated as caries
humida. The chronic form of dentine decay, in which the den-
tine iz dry and brittle, is sometimes termed caries sicea.

¢. DEcaAY oF THE CEMENT.

Decay of the cement frequently occurs at the neck of the
tooth. The layer of cement is, however, so thin here that the
characteristic phenomena of cement-caries scarcely become ap-
parent. Caries of the cement of the root occurs only when the
latter is exposed, and is therefore comparatively rare.

The roots of molars which are laid bare by the recession of the
gums and destruection of the periosteum show the greatest pref-
erence for decay.

Such roots are often covered with thick white or yellowish-
white deposits, consisting of food particles, dead epithelium,
mucus, and fungus masses, and not unfrequently present cases of
typical decay of the cement.

The first symptom of cement-decay iz an abnormal roughness
or softness of the cement surface, which may be easily penetrated
or scraped oft with an execavator,

This phenomenon, which is also nothing but the softening of
the cement, is followed by a loss of the surface-substance; thus
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a cavity is produced, or rather a depression, since it has little
similarity with the cavities of the crown. Deep bulb-shaped
cavities are hardly ever formed ; they are for the most part shal-
low, widely extended excavations, without a distinet margin.

This is due to the fact that there are no circumseribed points
of retention or foci of decay on the roots, from which alone the
destruction could proceed. It therefore seldom happens that
decay beginning at the root spreads from the cement to the den-
tine and destrma the latter to such an extent that the root-pulp
12 exposed.

A natural retention-center iz formed at the point of bifurcation of
the molar rootswhereit has been exposed by recession of the gumes,
and penetrating decay is consequently not seldom found here.

Discoloration has been erroneously regarded as the first stage
of cement-decay also. Exposed roots almost invariably become
more or less discolored in time, whether they are deca}ed or not,
especially when they are not kept clean.

d. DEcAY oF THE ENAMEL-CUTICLE.

It is impossible to follow the process of decay in the delicate
membrane covering the erown of the tooth without the aid of
the microscope. All we can see with the naked eye is a more
or less pronounced discoloration surrounding the carious part of
the membrane which has been detached by strong acids, Fre-
quently a thickening and cloudiness are also detectable.

In pulpless and dead human teeth, even in artificial teeth
carved from walrus-teeth, decay exhibits the same physical phe-
nomena as in living teeth.

ACCOMPANYING PHENOMENA OF DENTAL DECAY.

As concomitant phenomena of dental decay I designate cer-
tain processes which manifest themselves either immediately or
some time after the appearance of decay, and which, in my opin-
ion, have been erroneously denominated as characteristies of it.

Those processes are: (1) transparency, (2) the pigmentation or
discoloration of the decayed tissue,

“ Coincident with the development of the opacity and the
pigmental degeneration in the commencement of the carious
affection of the dentine, an increased translucency is observed,
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frequently, in the portions adjacent to the boundary of the cari-
ous portion. With reflected light these portions have a horny
appearance, similar to that found in senile roots, and with trans-
mitted light they present hyaline bands and spots. The focus

PorTiox orF a4 LoxGiTonisan GROUND SECTION THROUGH THE Crowsx oF a MoLagk,
Showing two cavities of decay, with the transparent zonezat o.  (After Gys=i.)

(Herd) of the caries is surrounded by a diaphanous halo. The
opaque, carious dentinal cone, therefore, is invested by a trans-
lucent zone, extending from the periphery toward the center:
around a more spherical, carious portion of the dentine a cres-
centic diaphanous halo is sometimes met with (Fig. 60). The
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light portions, finally, vary exceedingly in respect of their
outlines, according to the form in which the carious limits are
extended, being radiated, kidney-shaped, ete.” (Wedl.)

A true picture of transparency can be obtained only where
softening and pigmentation of the dentine have not yvet taken
place; that is to say, where there iz as yet no decay. The trans-
parent portion here forms a cone whose apex points toward the

Fig. 61,

Becisxineg DeEcay or Examen with Teaxsearnest Coxe or DEXTINE.
Under weak power.

pulp and whose sides run parallel with the dentinal tubules. In
most cases the transverse sectious of these cones are, as far as
my observations go, bounded by two opaque stripes (Fig. 61, ).
Under the microscope, the dentinal tubules within these stripes
are seen to be filled with irregular, angular granules or oblong
particles,

T have not been able to discover analogous phenomena in
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dead dentine. Through the kindness of the late Dr. Franz, I
obtained no fewer than three hundred human teeth which had
been worn in the mouth on plates. Nearly all of them showed
different degrees of decay. I split about sixty which seemed
specially suited for the purpose. One case only revealed a phe-
nomenon resembling transparency, but even in this one case it
was not possible to say that the change was not brought about
. while the tooth was still living. Again, the appearance in ques-
tion is by no means peculiar to decay. We have seen that it
does not accompany deecay of dead teeth, whereas it is very com-
mon in sound teeth which have been worn off, also in teeth
whose approximal surfaces have been slightly worn away by
friction. It is found particularly in senile teeth, whose entire
roots frequently become transparent, likewise in roots in the pro-
cess of resorption, ete.; everywhere, in short, where the living
dentinal fibers are slightly irritated. Ihave noticed a high degree
of transparency in the teeth of old dogs which have been ex-
tensively worn away. It does not show the remotest similarity
to decay, and, in fact, bears no direct relation to it, inasmuch as
it is absent in dead teeth, and very frequently oceurs in a marked
degree and in typical forms in places where there is not a trace of
decay, and where decay, on the whole, very seldom oceurs.  The
same agents which produce decay may also oceasion transparency
of dentine, which explains the frequent simultancous appearance
of both phenomena.
The opacity of normal dentine is produced by the different
ﬁ:m&ﬂicicuts of refraction of its component parts. If two sub-
stances, whether transparent or not, of different refractive power
be mixed, an opaque substance will result, unless the one is
soluble in the other. Thus water and oil are both transparent,
but when mixed they are opaque. In a like manner the
opaque foam is composed of two transparent substances, air and
water. Furthermore, both glass and air are transparent, but
when glass is pulverized, that is to say mixed with air, an opaque
substance will result. The powdered glass can be made trans-
parent again, when another substance having the same coeflicient
of refraction as glass is substituted for the air. Oil of cedar is
such a body (approximately). This poured upon powdered glass
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restores its transparency. Now, dentine consists, on the one
hand, of the basis-substance infiltrated with lime-salts, and on
the other of the dentinal tubules, with their contents ; and since
hoth these constituents of dentine have different coeflicients of
refraction, an opaque tissue is formed. We may diminish the
opacity—that is, increase the transpareney—Dby filling the dentinal
tubules with a substance which has the same coeflicient of re-
fraction as the basis-snbstance, or by transtforming the basis-sub-
stance so a8 to make it resemble the contents of the tubules in
respect to refraction,

[n spite of the many attempts to account for the inereased
transparency of the dentine under certain conditions, its: true
cause has not vet been established with certainty.  J. Tomes '
and Magitot'™ explain transparency by the caleification of the
dentinal fibrils.  Both authors regard it as the result of a vital
process—an attempt made by nature to impede the progress of
the disease. Later, Tomes ™ seems to have doubted the correct-
ness of his former views, C. Wedl"" regards the transparency
occurring in dental decay as identical with that appearing in the
roots of senile teeth. He doubts the correctness of the caleifi-
cation theory, without giving further expression to his own.

Leber and Rottenstein® aseribe transparency to a partial de-
calcifieation of the dentine.

Schlenker ™ seems to be of the same opinion.

[t has also been attempted to explain the transparency of the
dentine by the obliteration of the dentinal tubules brought about
by the swelling of the basis-strueture,

Since, however, the swelling or expansion of a porous body is
not accompanied by obliteration of the pores, but, on the other
hand, naturally implies a corresponding enlargement of them, an
obliteration by swelling is a physical impossibility. According
to Walkhott," ¢ transparency has also been explained as the con-
sequence of microcoeel.” I have found no such view expressed
anywhere, either by Milles and Underwood or any other advo-
cate of the chemico-parasitical theory of decay.

Waulkhoft concludes from his experiments * that transparency
must be regarded as a sclerotic action of the dentine-fibers, by
which they form new basis-substance at their own expense. Its
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real nature is an increased and lasting physiological activity,
which calls forth over-production of intercellular matter at the
expense of the cells and primarily of their offshoots.”

Black '™ disputes the view that transparency is to be looked
upon as the expression of a vital process. He appears to regard
it as the earliest stage of disintegration. According to the ob-
servations which I have made in reference to transparency, I
am inclined to accept the vital theory. In my opinion we must
choose here between two possibilities : either the basis-substance
is decaleified and a form of transparency thus brought about, or
the tubules are partially or completely filled with a substance
which has a similar action upon light as the intertubular sub-
stance. A decaleification, however, has most certainly not taken place
in the transparcncy in question ; this is sufliciently proved by
chemical analysis, while on the other hand many facts point to
a vital process.

1. We know that the diameter of dentinal tubules in normal
condition is much greater near the pulp than at the border of the
enamel, and that it is much smaller in senile than in young teeth.
These facts point to a gradual decrease of the diameter of the
tubules after the dentine has already been formed. We also
know that chronie excitations of any kind lead to * secondary”
dentine formation on the inner surface of the dentine. May
they not, then, also lead to an acceleration of the formation in the
domain of the fibrils?

2. The microscopic examination of transparency shows as a
matter of fact a decrease in the diameter of the dentinal tubules
within the transparent zone. This at the same time signifies a
diminution in the size of the fibrils.

3. The transparency is characteristie of living dentine.

4. Chemical analysis gives results which agree with this
theory. According to my own determinations, dentine from the
transparent part of a number of teeth (about twenty-five) gave,
when dried at 102°-105° C., 71.9 per cent. ashes, while normal
dentine from the same teeth gave 72.1 per cent. A second calcu-
lation, made by a chemist, }ltld&d for transparent dentine 69.5
per cent., and for the normal dentine from the same teeth 68.0.
‘We may conjecture from the rather small amount of ashes that

11

//
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the dentine was not thoroughly dried before combustion; this
latter determination is therefore not quite reliable, but at any
ate shows that there iz an increase rather than a decrease of
lime-salts. The general conception, however, that this theory is
compatible only with a high percentage of lime-salts is not quite
correct. A formation of new dentine, whether it be at the per-
iphery of the pulp or in the domain of the fibrils, does not oceur
without a preceding solidification of the outer layer of the odon-
toblasts or fibrils. If, therefore, a new formation of dentine
takes place in the tubules at the expense of the dentinal fibrils;
this occasions not only an increase of lime-salts, but also simul-
taneously an increase of the glue-giving basis-substance. We
may therefore have a consolidation of the dentine, although
analysis may not detect any marked increase in the percentage
of lime-salts.  In conclusion, this theory must not be confounded
with the old calcification theory. The latter demands an im-
pregnation of the fibrils with lime-salts only, the former a partial
or total conversion of the fibrils into normal dentine.

2 PreMENTATION OF THE Tissug I8 DeExTAL DEcay.

The pigmentation or diseoloration usually attending decay of
enamel or dentine is another secondary process which has erro-
neously been viewed as a stage of decay. Every degree of dis-
coloration may be observed, from the normal color of the tissue
to a yellowish, yellow, yellowish-brown, dark-brown, black. In
the very first appearance of decay no discoloration is visible.
This absence of discoloration is especially remarkable in second-
ary caries of enamel, the tissue being converted into a perfectly
white powder.

Nor does rapid caries show any or but very little discoloration
in the deeper parts, while chronic caries always exhibits a dark
color, dark brown to black; in other words, the intensity of the
discoloration is in inverse proportion to the rapidity of the progress of
the discase. Besides, the discoloration of dentine does by no means
oceur in decay only. Wherever the dentine is laid bare, it may
be more or less discolored in time. The black discoloration is
especially common in worn-off teeth, and, indeed, not only in the
case of smokers, but also of non-smokers, nor is it rare for the
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teeth of dogs to show a deep brown to black discoloration.
Most authors concur in the view that the pigment arises from
without, and is conditioned by causes which have nothing to do
with the decay itself.

Watt explains it by the action of various mineral acids: mu-
riatie acid conditions the white, nitrie acid the yellow, sulphurie
acid the brownish-black decay.

Clark ' believes that the diseoloration is called forth by the
color-forming power of bacteria.

Black " explains the discoloration by the settling of eoloring-
matters into the partly decomposed tissue. These seem to be
derived chiefly from the dark sulphurets formed in the mouth
by the action of sulphuretted hydrogen upon such metallic ele-
ments as may be present. Others lay the blame on various foods
and stimulants, coffee, tobacco, ete.

It is not to be denied that smoking may occasion a dark dis-
coloration of dentine. It cannot, however, be the cause of pig-
mentation in dental caries, since the latter oceurs in the cases of
persons who do not smoke. Then, again, dentine is colored
black also in the worn-oft teeth of dogs: moreover, discoloration
of dentine and coal-black deposits are very common in teeth of
animals without deecay.

In my judgment, the cause of discoloration in dental caries is
exactly the same as that of the discoloration of any other organic
substance which 1s decomposed by miero-organisms. This idea
i1s presented at length in the chapter on chromogenic mouth-
bacteria.

CHEMICAL CHANCGCES ATTENDING DECAY OF THE TEETH.

With very few exceptions, all investigators who have given any
attention to the study of the phenomena of dental decay have
been unanimous in the opinion that the softening of the dentine
is caused by the extraction of the lime-salts.

The fact that we have to do with a genuine process of decal-
cification is so patent that I would have no excuse for presenting
the experiments recorded below, if they were not of some value
in showing the comparative degrees of decalecification in decayed
dentine and in dentine artificially softened, as well as the com-
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parative losses of the organic and inorganie constituents of the
dentine.

A large number of analyses were made by myself, as well as
by Dr. Jeserich, Prof. Liebreich, and others, in which decayed
dentine was compared with dentine softened in a fermenting
mixture of saliva and bread and in various acids. The results
obtained showed the process to be identical in all cases. (See
Dental Cosmos, 1883, p. 337.) In order to obtain results which
would show at the same time the amount of loss suftered by the
organic consztituents of the dentine, I proceeded in the following
manner :

[ procured three perfectly fresh teeth which contained large
quantities of carious dentine., These teeth were washed in a
gentle stream of water to remove all remains of food, and the
softened dentine removed in one picce with a spoon-shaped exca-
vator. The joint volume of the picces was then determined by
an instrument specially constructed for the purpose, which gave
the volume at once in cubic millimeters, and also by the ordi-
nary picnometer. Then (from the same teeth) pieces of sound
dentine were procured whose volume was determined in the
same manner. The pieces were then dried for thirty hours at
105° (€., and analyzed,

I give the result of one analysis:

187.2 cubic millimeters of sound dentine weighed  0.3600
s L ¢ “ carious ¢ 0.0821

Loss, 0.2779

The sound dentine gave on analysiz 72.1 per cent.

lime-salts . : : ; : ; .= 0.2595
The carious dentine gave on analysis 26,3 per cent.
lime-salts . - : . : : .=0.0192

Loss, 0.2403

The sound dentine contained 27.9 organic matter = 0.1004
“ carlous L4 73.7 ¥ ¢ = (.0605

Lioss, ﬁ.d&ﬂ 0
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The carious dentine had accordingly lost on the whole seven-
ninths of its original mass, the lime-salts had lost twelve-thir-
teenths, and the organic matter two-fifths.

In plain words, the carious dentine had suffered an almost
complete decaleification, only one-thirteenth of the original
amount of lime-salts being still present. The organic matter
had suffered the comparatively small loss of two-fifths of its
original amount. This loss is no doubt attributable, for the
most part, to the direct action of the micro-organisms upon the
more completely decalcified portions of the carious dentine.

The results of these experiments are too plain to require fur-
ther explanation. They show an almost complete decalcification
of the carious dentine, and a comparatively small reduction of
the organic matter, also that the organic matter yields lasf to the
destroying agents.

MICROSCOPICAL PHENOMENA OF DECAY.
1. Decay oF THE ENAMEL-CUTICLE.

If we subject a picce of Nasmyth’s membrane perforated by
decay to a microscopic examination, we will find, in addition to
its discoloration and clefts,
an enormous number of
round and oblong densely
crowded bodies, which are
easily recognized as bacte-
ria, especially after staining
(Plate, Fig. 6). They are
sometimes so closely packed
that the membrane itself is
entirely lost to sight (Fig.
62). Wedl calls these cor- b LI e A e

. . Converted into a mass of bacteria by decay. 500:1.
puseles ¢ the matrix of Lep-
tothrix buccalis.” They have, however, most probably no ne-
cessary genetic connection with thread-forming mouth-bacteria,
but represent various kinds of bacteria, both monomorph and
pleomorph. They exert the same destructive influence upon the
enamel-cuticle as upon every organic substance; it loses its
transparency, appears thickened and cleft in all directions, and

Fia. 62,
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particularly at the margin of the cavity ragged and in a state of
dissolution. In the last stages of decay we see only a mass
of bacteria (cocel, rods and threads), which is held together by
the remnant of the membrane. The thickening of the mem-
brane is for the most part, I think, due to the accumulations of
bacteria. Sections of enamel in an early stage of caries, after
being stained with fuchsine, clearly show that the membrane is
loosened from the enamel on the decayed point, thickened and
invaded by masses of bacteria. The membrane in this condition
affords a matrix, that is, a point of retention, for bacteria, as well
as for very minute particles of food, and thereby accelerates the
progress of decay.

2. DEcAY oF EXAMEL.
it jf'J',r'q'Ju.r.r;'rF.I'a-wr of AS:;H'.-;;H.-'H.-:,

The preparation of specimens of enamel suited for a study of
the process of decay is very difficult. It is well known that it
is impossible to decaleify enamel and to make =ections of it with
the microtome. We are restricted to the study of ground sections,
and these necessarily give but an imperteet idea of the proeess,
because the largest part of the decayed enamel is lost in grinding.
Various methods have been proposed for the preparation of
microscopically thin ground sections. Whichever method be
applied, we first endeavor to split the tooth with a pair of split-
ting foreeps in such a manner that the surface of cleavage passes
approximately through the center of the eavity (which, of course,
does not always succeed) and grind down each half on a rough
corundum-wheel to the thickness of about 1 mm. ; or the whole
tooth is ground down from both sides, until the cavity is reached.
By the latter process we obtain only one lamella, and conse-
quently but one preparation, whereas the former yields two
preparations.  These lamellwe are then ground under water on a
fine corundum-wheel as thin as possible without destroying too
much of the diseased tizssue. A smooth, firm cork is best suited
for holding the piece against the wheel.

The method of A. Weil (p. 171) may also be applied to advan-
tage, or we may follow the suggestion of Gysi:'™
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“ Take a freshly-extracted tooth and grind it down with a
coarse corundum-wheel to a pretty thin lamella, according as a
transverse or a longitudinal section is desired. This lamella
should then be ground on one side perfectly even on a fine stone,
and then polished on the same side upon leather, coating with
gome fine polishing-powder until no rays arve visible on this side
anywhere. The lamella should then be cemented with the pol-
ished side down on a glass slide, such as is uszed for putting up
microscopical preparations, with some thick Canada balsam,
which is easily softened by heating, and then firmly pressine the
lamella against the glass. Around the lamella are cemented
some exceedingly thin pieces of covering-glasses, as used in
MIcroscopy.

“ Practically it is best to cement on the other side of the glass
a piece of cork, so that the slide can be easily managed during
the further process of grinding. The lamella iz then ground by
hand on a fine and perfectly flat stone until all the thin cover-
ing-glasses are evenly touched. DBy this process the lamella is
made of an equal thickness, with the covering-glasses cemented
around it.

“ The cover-glass pieces are then removed and the lamella
ground still thinner; when thin enough, it generally detaches
itselt.  All this grinding must be done with water on a water-
stone, The final step is to polish it on this newly-ground side.

“ The exceedingly thin plate procured in this manner should
then be washed in aleohol, and every particle of polishing-pow-
der brushed oft with a fine camel’s-hair brush. The ground see-
tion iz now ready for mounting. For this purpose it i1s placed
in absolute aleohol for five minutes or longer, by which every
trace of water is removed. It is then transferred to oil of cloves
to clear it: then placed on a clean glass slide, a drop of Canada
balsam put on it, and covered with a thin cover-glass. The
preparation iz now finished and ready for examination under
the microscope.”™

Charters White (** Elementary Microscopical Manipulation™)
recommends rubbing down the sections between two plates of
ground glass, with the addition of some pumice-powder and
water ; a method which is said to give very good results.
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Preparations of enamel are to be stained in the same manner
as those of dentine. (See page 173.)

b. Appearances under the Microscope.

Microzeopic examination of preparations of decayed enamel
brings to light in many preparations nothing more than a de-
pression (a loss of substance)
with uneven margins (Fig.
63), a more or less pro-
nounced pigmentation of the
enamel in the vicinity of the
depression, and a distinet
appearance of the transverse
striation  of the enamel-
prisms (Fig. 64).

Fra. 63.

Fra. 04,

Proxouvscen STRIATION OF
THE Prisus 1 Decay
OF EXAMEL.

250 1.

UxpeErmixniye Exaven DEcary.

In other better prepared
specimens the depression is
seen to be filled with masses of miero-organisms which readily
take on coloring-matter ; the margin of the cavity is indented, the
enamel eracked, the prisms falling to pieces. The spaces between
the loosened prisms are, in these cases, often filled with the same
fungal masses, whereas the latter never penetrate between the
prisms of normal enamel. In grinding, the masses of bacteria,
as well as the loosened prisms, are generally torn away.

a, Masszes of bacteria lining the cavity., Cirea 50: 1.



MICROSCOPICAL PHENOMENA OF DECAY. 169

After the enamel has once been perforated by decay, its fur-
ther destruction proceeds principally from the inner surface.
This statement may at first seem strange, but will be found on
closer examination to be in accordance with the observed facts.
The remains of food accumulating in every dental cavity do not,
of course, attack the external, but the internal surface of the
enamel, We will find, furthermore, in nearly all large cavities
the decay extending from the dentine directly upon the inner
surface of the enamel.

This latter form of decay, which we designate as secondary
enamel-decay, 15 in many respects better suited for study than
the primary, inasmueh as the diseased tissue is not torn away by
mastication, ete., and not contaminated from without by foreign
bodies.

The extent of the secondary deeay of the enamel naturally
corresponds to that of the dentine-decay ; in large cavities on the
grinding-surface of molars, almost the entire inner surface of
the enamel may be found to be involved. Penetrating enamel-
decay proceeding from within is rare. I have observed such
cases usually in inferior mo-
lars, where decay proceeding
from the grinding-surface
perforates the enamel-wall
from the inner side, breaking
through the approximal wall
of enamel to the outside. In
secondary decay we find the
enamel-surface coated with a
whitelayer of softened enamel
sometimes } mm, thick. Ifa
small quantity of this be
brought under the micro-

: i DisrUPTION OF THE PRIZMS 1% BECONDARY
scope 1n water, it 1s seen to be Esangr-Decay. 400: 1,

composed of enamel-prisms

mixed with large masses of bacteria (Fig. 65). These prisms lie
either singly or in groups; are 10-150g long, and have sharp or
rough extremities. The transverse striation is distincetly marked.
In sections the margin appears indented, and the enamel-prisms
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more or less dislocated. The whole looks a5 if the inter-prismatic
substance were dissolved, i.e., the connection between the prisms

it

4

Fia. &R,

Sreoxpany Exaven-DEcay, . partially decaleificd onnmel which has slightly taken on the
staining matter: & zone of infeeted cunmel showing masses of bosterin working their way into

the decaleifving tissae. 70 : 1.

destroved. Sections of enamel in secondary decay often show the
bacteria foreing their way between the loosened prisms (Figs. 66,

Fia. 67.

=

A Swann Pormiox or THE Borper of
Fig. 66, showing the invasion of the dis-
eased enamel by bacilli.

67). About the same result is
obtained where normal enamel is
treated with diluted acids. The
destruction of the enamel as it
oceurs in decay must be regarded
as essentially a parasitico-chemi-
cal process, The loosening of the
enamel-prisms is caused by acids
concerning whose origin there
can be no doubt; they arise in
the mouth by fermentation of
carbohydrates. The prisms thus
loosened are sometimes mechani-

cally removed ; sometimes they remain on the spot, as in the case
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of secondary enamel-decay, until an opening is formed through |
which they escape. The bacteria directly participate in the pro-/
cess, inasmuch as they invade the broken-down enamel, perhap
drive the prisms farther apart, and destroy the remnant of organi
matter. Micro-organisms do not exert a direct influence on nor
mal enamel; their action upon the enamel in the first stage o
deeay 1s therefore indirect,—that is, they act by means of the acid
which they produee. In the later stages of the process they exer
also a direct action upon the diseazed tissue.

3. DEcay oF DENTIXNE.
Pre e W Qe
o, FEpaErarion :gf DECInens,

Various methods have been employed to prepare specimens
of decayed dentine for microscopic examination. In the first
place, ground sections of the decayed and the adjacent normal
dentine have been made, in the different manners described
for preparing sections of decayed enamel. Whoever has tried to
grind softened dentine or any soft tissue will easily understand
how difficult it iz to obtain good specimens in this manner. Better
sections might, perhaps, be prepared by previously hardening the
decayed matter in absolute aleohol.

A method of grinding soft tissue, or a combination of soft and
hard tissue, which v. Koch applied in the case of mollusks, has
been employed by Weil™ for grinding the soft tissues of the
teeth. Weil first placed the tissue (2-5 mm, thick sections of
the root or crown) into Miiller’s fluid, in order to fix the =oft
parts, which requires six to seven weeks. The objects were then
thoroughly washed, and suceessively brought into a 30 per cent.,
50 per eent., and finally 70 per cent. solution of aleohol to be
hardened. They were then cnt into smaller pieces by a fine
bracket-saw, so as to facilitate the action of the coloring-matter
in the subsequent staining process, and again placed for some
time in a 70 per cent. solution of aleohol. He then stained
them, extracted the water by means of aleohol, clearing them
up in oil of cloves; the objects were then taken out of the oil,
rinsed in pure xylol, and placed for at least twenty-four hours
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in a large quantity of chloroform; then they came for an equal
length of time in a diluted solution of Canada balsam in chloro-
form, to which, after about twenty-four hours, was added as
much hardened Canada balsam as would dissolve in it.

Weil now placed the teeth in a poreelain vessel, added enough
of the solution to cover them, and then kept the solution over a
water-bath at 60°-70° C.,—later at 80°-90° C. until the mass
when cooled became as hard as glass; the teeth were then care-
fully taken out, the superfluous balsam removed, and the speei-
mens were ready for grinding.

Sections of dentine are also frequently prepared as follows:
Rather thick ground scetions are made comprising both the nor-
mal and softened tissue: these are deealeified in diluted acid
(chromie acid, ete.), and eut into microscopically thin sections by
the microtome. Such preparations have the great disadvantage
that we are not able to determine with certainty just where the
decayed tissue stops and the artificially decalcified begins; nor
can we tell exactly what changes of the dentine may have been
cansed by the artificial decaleifieation.

Having made and examined several thousand microscopic prep-
arations of decayed dentine, I have found the following method
to be the most recommendable, both on account of its extreme
simplicity as on account of the excellence of the preparations
which it yields and the few reagents to which it is necessary to
subject the tissue.

Selecting a freshlyv-extracted decayed tooth, we wash out the
cavity only sufficiently to remove the particles of food, and
break away the margins of enamel so as to expose the softened
dentine as much as possible. Then with a sharp instrument we
dissect, so to speak, the decayed from the sound dentine, keep-
ing hard upon the latter; by this means we may easily shell out
nearly the whole of the softened dentine in one piece. Where
the decay has approached near to the pulp, it is very easy to ex-
tend the cut quite to the pulp-chamber, by which means a thin
layer of hard dentine will be contained in the mass removed.

The material thus gained is immediately cut on the freezing
microtome, It is well to freeze the tissue in an aqueous solu-
tion of gum-arabic instead of in water. Such a solution has a
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higher freezing-point than water, and does not become so hard.
By means of the freezing microtome several hundred very thin
cuts may be prepared in a very few moments,

The objection has been raised to this method that it permits of
securing sections of the softened dentine only, whereas we may
wish to see what, if’ any, changes have taken place in the other-
wise normal dentine just at or a little beyond the border of decal-
cification. I do not, however, attach much importance to this
point, because a study of a few preparations soon teaches us
that in the parts indicated.but slicht changes, or none at all,
can be detected; besides, it is not difficult, with the help of the
freezing microtome, from such pieces of dentine in which a /i
layer of unsoftened dentine has been eut out along with the de-
cayed, to make a few cuts containing both hard as well as de-
cayed dentine, although the edge of the knife will be somewhat
damaged by it. For the study of the phenomena of transparent
dentine, a number of ground sections should be made from teeth
in which the decay has made but little progress.

Unstained sections must be examined in water. But it is im-
peratively necessary to stain a large number of sections, especially
in order to study the distribution of the bacteria in the tissue and
the manner in which they demolizh it.

b, Methods of Staining.

For the purpose of staining the tissue, picro-carmine or picro-
lithio-carmine is, according to my experience, most suitable, The
sections are placed in the concentrated solution for about fifteen
minutes, then in a mixture of alechol 70, water 29, muriatic acid
1, where they may remain from fifteen minutes to five hours,
then for a short time into aleohol, to which have been added a
few crystals of picric acid (till it turns slightly vellow). They
are then cleared up in oil of cloves, and mounted in Canada bal-
sam or glycerine. The dentinal fibrils and sheaths are colored
red, the basis-substance pink, the bacteria light red, the decom-
posing parts yellow,

For staining the micro-organisms the basic aniline colors are
best suited, fuchsine and gentian-violet being, according to my
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experience, preferable; methyl-violet, methylene-blue, and ve-
suvin not quite =0 good. The staining with fuchsine is carried
out in the following manner: Enough of a concentrated alco-
holie solution of fuchsine is added to water to turn it cherry-red.
In this solution the sections are allowed to remain for three to
five minutes, and are then placed (after Gram’s method) for one
to three minutes into a solution of iodine 1.0, iodide of potas-
sinm 2.0, distilled water 300.0. Then they are put into absolute
alecohol, which must be renewed as soon as it becomes red. In
the alcohol the color gradually dizappears from the tissue, while
the bacteria retain it. The sections must not be left in the alco-
hol too long, otherwise the bacteria will also give up a portion
of their coloring-matter. Some experience is necessary in order
to take out the euts at the proper time. From the aleohol they
are transferred to oil of cloves, then mounted in Canada balsam.
By this method the parts infiltrated with bacteria, or the bac-
teria themselves, are colored red; everything else appears un-
stained.

I have obtained equally good, and, in fact, I have sometimes
thought, better, results by simply treating the slightly overstained
cuts with absolute alcohol, though the process is somewhat longer,
it sometimes requiring an honr or more to decolorize the prepara-
tions, during which time the aleohol must be repeatedly changed.
The preparations, when taken from the aleohol, must not show
a diffuse staining, but rather a differential staining, some parts of
the preparation appearing to the naked eye quite colorless and
others bright red.

The other coloring-materials above mentioned are employed
in the same way as fuchsine. Remarkably beautiful prepara-
tions may be obtained in a very few minutes by employing Giin-
ther’s modification of Gram’s method with gentian-violet.

The cuts are brought from absolute aleohol for one to two
minutes in a deep violet solution of gentian-violet in aniline
water, then removed on the point of a platinum wire, lightly
touched to bibulous paper to remove the excess of coloring solu-
tion, placed for two minutes in the lodine-odide of potassinm
solution, one-half’ minate in aleohol, ten seconds in 3 per cent.
aleoholie solution of hydrochlorie aeid, then again one to five

e
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minutes in aleohol, then cleared in oil of cloves and mounted in
Canada balsam.

I have not given much attention to the double staining of
decayed dentine, but as far as my experience goes I have found
that double-stained preparations, while they “show up™ very well
under low powers, are not as good for study as the single-stained.

Nections stained with gentian-violet may be atter-stained by
transferring them from the last aleohol bath to a solution of
vesuvin one minute or picro-carmine one to three minutes, after
which they must be returned to the aleohol, then to oil of
cloves, ete.

A very good double stain may often be obtained if the sections
eolored with fuchsine are placed in a vesuvin solution for one to
five minutes, then rinsed in water, put into aleohol for a few
moments, then eleared up in oil of cloves and mounted in Can-
ada balzam. The bacteria appear red, the dentine appears vel-
lowish-brown. Double coloration does not, however, always
gueceed, and requires some practice to obtain good results.

Ground sections are to be stained in the same way as the cuts.

¢, Appearances wunder the Microscope.

Preparations colored with fuchsine, when examined under
very low power or even with the naked eye, show that the bae-
teria are not equally distributed throughout the mass of softened )
dentine. Sections parallel to the dentinal tubules (longitudinal
sections) generally reveal on the outer margin

eorresponding to the external laver of den- Fic. 68.
tine a deep-red coloration, which gradually A
diminishes toward the inner margin. Large of b
tracts of decayed tissue, especially at the ‘ /
extremities of the specimen, often remain -

entirely uncolored. This necessitates the f
conelusion that the softening (decalcifica- I?H;rt:ill:-:“mt]::::‘
tion) of the dentine extends further than the non-infeeted dentine.

invasion of the micro-organisms. The ap-

pearance of comparatively large non-infected portions at the
extremities or sides of the specimen may be explained by the
accompanying diagram (Fig. 68).
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This is intended to represent a case of undermining decay on
the grinding-surface of a molar; the enamel has been broken
through, and the softening (decalcification) has extended in all
directions in the dentine with about equal rapidity. The miero-
organisms, on the other hand, travel more readily in the diree-
tion of the dentinal tubules than at right angles to them, since
in the latter direction they can advance only through the tortu-
ous and narrow road of the fine branches of the tubuli. Conse-
quently, while the micro-organisms almost or quite keep up with

Fra. 64,

A Cor rrom a4 Larce Pigce oF DEcaYED DEXTINE, left half only in outline. Shows at a an
unususlly large non-infected zone of decayed dentine. 20: 1.

the softening in the direction toward the pulp, they fall consid-
erably behind in the lateral directions, so that the invasion, par-
ticularly in the lateral direction, is usually much less extensive
than the =oftening.

Fig. 69 represents the appearance under a low power of a
preparation of decayed dentine in my possession.

(Cases where there are many large interglobular spaces may
form an exception to the rule. In such cases, the bacteria, fol-
lowing the course of the interglobular spaees, can advance very

)
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rapidly in both directions underneath the enamel (Fig. 70),
though strangely enough, as first pointed out by Mummery, the
interglobular spaces are often peculiarly free from infection,
The presence of these non-infected areas in decaying dentine,
which I announced in 1883, was at first contradicted by some
authors. Now, however, it is universally acknowledged. Among
others, Watson writes, * I quite agree with Dr. Miller that there
are areas of softened, non-infeeted dentine which contain no or-
ganisms.” In fact, they are so easily detected that I am at a
loss to understand how any investigator could have missed seeing
them at once. '
Under a somewhat higher power (forty to sixty diameters) we

Fic. T0.

I[xTERGLOBULAR SPACES FILLED wWitTH Micro-
cocel. Aboot 400 : 1.

may more easily follow the invasion. Oeccazionally we find that
a majority of the tubules are infiltrated to the same depth: usu-
ally, however, the parasites penetrate the different tubules to very
different depths. We also occasionally find that all or nearly all
the tubules are filled with bacteria at the surface, while in the
deeper parts only a few are infiltrated.

The advancing hordes of bacteria conzequently present a very
irregular, zigzag front toward the pulp. Laterally, however,
the line separating the infected from the non-infected portions
of the decaying dentine often appears quite regular and sharply
defined (Fig. 71). These peculiarities are readily accounted for
by the structure of the invaded tissune,

12
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I have found in one case only the very remarkable mode of
advance represented in Fig. 72, Here the invaders are seen

Fra. 71.

Decaven DEsTINE, showing that laterally the boundary between the infected and non-infeeted
parts may be vory regular. Cirea 40: 1.

DeEcavepr DesTtise, showing an advanee of the
bacteria in three columns, Cirea 15: 1,

to advance in a manner which I ean only liken to an army of
men marching through a hostile country.  Far in advance we
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see a very distinet line of pickets. This is followed by an interval
which in the langnage of bacteria might be put down at several
furlongs, since it is about one thousand times the length of an aver-
age-sized bacillus. Then comes the vanguard, and finally, after
another interval, the main body of the invading hordes. I was
not able to find any cause for this peculiar disposition of the forces.

A question which has often been mooted now arises: Can the
bacteria penetrate into normal dentine ¥ This question must be
answered in the affirmative. Since the average diameter of the
dentinal tubules is greater than that of the bacteria found in the
mouth, it is but reasonable to conclude, @ priori, that bacteria
may under certain circumstances make their way into the tu-
bules of apparently intact tissue. Under high power we also
often observe that a small number of bacteria, outposts, as it

Fia. 73.

MicROCOCE! PEXETRATING THE CaxaLs
oF SoLip DeExTixEg, in a partially absorbed
and abscessed but not decayed root. 700 : 1.

LoxGirtnisarn SECTION
were, have penetrated into the nor- g breaved DEvTiw
mal dentine without, however, pro-  of liquefaction, filled with
dueing any visible changes, rE s ek
We notice also in partly resorbed, absceszed roots, particularly
of milk-teeth (Fig. 73), that bacteria work themselves into the
open ends of exposed tubules for a short distance. The great
mass of bacteria, however, in decay of the dentine does not
even penetrate up to the normal dentine, much less into it.
From this it is evident that the proposition which I established in
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:;f&h‘.SE“ﬁ iz correct in every respect: * The action of acids always
precedes the invasion of bacteria.”

Az is best seen in a longitudinal section under low power,
numerons rounded or oval masses of from ten to one hundred
micro-millimeters long and from five to fifty broad often appear
in the domain of the infected dentine (Fig. 74). The masses con-
sist of closely packed cells of baeteria, and correspond to the
more or less ample enlargement of one or more dentinal tubules,
by which the neighboring tubules are erowded together or bent
out of their course.  If these masses attain larger dimensions, the
course of some of the tubules, together with the intervening hasis-
substance, is interrupted for a certain distance, thus forming a
space or cavern in the dentine.  These caverns being formed by
the dissolving of the basis-substance by peptonizing bacteria,
may be properly designated as liquetaction-toci.

such foei do not al-
Fia. 76.  ways have the form
represented in Fig.
74; they may be
tapering, frianguolar,
erevice-shaped, ete,
The crevice-shaped
spaces frequently lie
obliquely to the den-
tinal tubules, pre-
senting the charac-
teristic  appearance

Ustrorn Ex-  shown n Fi:._{'. 70.

s In some specimens
ix Dreavixe  all the tubules are
aaTas enlarged to nearly the

same extent (Fig. 76),

occasionally to three
or four times their normal size. This enlargement is caused
partly by the dislodgment of the neighboring tubules, partly by the
loss of the intertubular substance. Lastly, the destruction of the
intervening substance causes a confluence ot two or more adjacent
tubules, producing long caverns running parallel to them. By the

Decavep DEXTIRE witTHn OBLIQUE
Ligueraction-Foct. Circa 400 : .
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formation of caverns and by the fusion of adjacent caverns the
dentine iz broken up, becomes porous, and iz gradually de-
stroyed. The tubules are often attacked in groups, while others
lying between these groups may be wholly free from infection. In
other cases, however, every single canal is stufted full of bacteria,

In Fig. 77 I have endeavored to reproduce an appearance
very commonly met with in decaying dentine. This specimen

Fie. 17,

A SINGLE
Trevre from
the preparation
i|||1.'l.ritrﬂll,'l.i in
Fig. 7.

clearly shows that the enlargement
of the tubules always found in

Decaven Destisg ssowise Torar decaved dentine iz due to the in-
LigueracTior or THE Basis-Sve- o : 2 . Sl
e T et d0BL feetion, and that a gradual fusion

of the basis-substance may take
place, beginning with the separate tubules, until nothing remains
but a mass of bacteria held together by the remnant of the den-
tine. Fig. 78 shows a tubule from the same specimen under
high power.

In rare cases the action of the bacteria iz mostly restricted to
the surface, and the dentine is gradunally dissolved from the sur-
face downward, without the formation of caverns within the
dentine. [ term this form of dissolution of dentine progressive
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superficial dentine dissolution, in contradistinction to that form
represented in Figs., 74-78, which may be designated as paren-
chymatous dentine dissolution,

Not one of’ the morphological changes of dentine mentioned
takes place without a previous invasion of bacteria,

Frixce oF LeproTHrix THREADS on the border of a section of decayed dentine. 400 1.

In well-stained specimens the individual cells of the bacteria
are clearly visible under a power of 400-500 diameters ; although
for a thorough study of the specimens oil immersion lenses and

; Abbe’s condenser are desirable. With their

Fia. &0, assistance we see that the external margin of
the specimen consists of broken-down dental
tissue intermixed with enormous masses of mi-
crococel, bacilli, and leptothrix threads. The
latter often appear as fringes on the border of
the specimen (Fig. 79), but are not found along
the entire margin, while in some they are alto-
gether lacking.  In many cases, no doubt, they
are torn away in preparing the specimens. It
is seldom that they penetrate the dentinal tu-
bules, unless the dizsolution iz already far
advaneed, and even then they are to be found
mostly in the external layers, Tubules contain-

SixerLE ToBoLE

FILLED WITH ing long, tortuous threads (Fig. 80) are there-
Tarean Forus, 4 j :
1100 : 1. tore GDIT.L]-_J‘:I.I‘H“TL‘]}' riare,

If we examine a somewhat deeper zone, we
usnally find the tubules filled with microcoeci and rods only, the
former decidedly preponderating. These two forms of bacteria
generally oceur in separate tubules; thus we often see a tubule
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stocked only with micrococei (Fig. 81), the adjacent one only
with rods (Fig. 82); there are, however, tubules packed with a
mixture of both (Fig. 83), while it rarely happens that one ex-
tremity of a tubule is filled with rods, the other with cocei.

We have consequently in decay of the teeth to do with a
so-called mix-infection (Fig. 84).

—

Fic 81. Fi1a. 82,

{7 S

s1%GLE TUBULE

.; . - .
i aHOWING Ao MIXED

FILLED WITH Vi rsiiia
Cocer. 1100 = 1. Te h_['.l'r ”_m' i
1100 -4, SFECTION WITH A

PLEoMORPHOU S
: BACTERITM.
It is true that we often meet Anm:].

with specimens which appear

to contain cocci alone (whether of one or of
different varieties the microscopic examination
does not tell). On the other hand, I have in
my possession a few preparations which exhilit  Drcaves Desrise
a pure bacillus infection, particularly in eircum- ~ S1OW™6 & A%

INFECTION WITH

seribed portions. Cocer axn Ba-
. - CILLI.
This, however, must not lead us to believe 00+ 1.

that there is a bacillus-decay and a micrococeus-

‘decay which are distingunished by characteristic phenomena;
decay caused by the different bacteria reveals no such distine-
‘tions, consequently I do not consider it as proved that caries
chronica, acuta, acutissima, ete., are caused each by its own
: specifie bacterinm,

In general that species of bacterium which possesses the
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highest ferment activity (in other words, acid-forming power)
and the highest peptonizing power (i.e., dissolving power for
albuminous substances) and is able to flourish with a limited
supply of air will, caferis paribus, cange a more rapid destruction
of the tooth-substance than another having these qualities in a
minor degree. A mouth-bacterium which in respect to these
properties excels all others in such a degree as would be neces-
=ary to explain the difference between caries aeuta and caries
chronica will most probably never be discovered. The rapid
advance of acute caries is to be explained rather by the resist-
lessness of the tooth’s structure and the favorable conditions for
fermentation obtaining in the mouth.

Successtully stained eats of decayed dentine furnish prepara-
tions which to the eye of the bacteriologist and pathologist are
not only of exceeding great beauty, but also demonstrate with
such clearness the intense action of micro-organisms upon den-
tine that no doubting Thomas can look at them and then have
the hardihood to deny their significance. In Fig. 85 I have en-
deavored to reprmhu e the microscopic appearance of a specimen
in my possession (and of which T presented duplicates to Dr.
l‘unmngh um, of Cambridge, England, and to Dr. Allan, of New
York). It the reader can imagine the basis-substance in this
preparation stained yellowish-rown and the micro-organisms
red, and further take into account that by slightly lowering or
raising the tube of the microscope or by moving the prepara-
tion one constantly brings new and different pictures into focus,
and, lastly, that the most skilled draughtsman and xylographer
come very short of nature, he may then form some idea of the
beauty of this specimen. The dentine is completely riddled by
the masses of bacilli and threads,

A section cutting the tubules at right angles shows under a
power of three hundred diameters that the tubules filled with
micro-organisms are distended from one to four times their nor-
mal diameter, and that often two or more of the enlarged tubules
are converted into one by the liquetaction of the membranes and
the intervening substance (Fig. 86). This melting together of
the tubules increases as we near the outer border of the gpeci-
men (corresponding to the surface of the cavity) until it is no
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longer possible to distinguish the separate tubules; we then see
only irregular masses of bacteria, ot different sizes, which are
more or less eontaminated by the detritus (débris) of the de-
composing dentine. These impure maszes are what Abbott

Fia. Bb.
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LoxciTrnixar Secriox ofF DEcavepr DeEXTINE sHowisc Ixrectiox witE Kop- axmp
Tareap-Forvs. a. tabule distended, but walls still comparatively intact: &, . tubular walls
broken through and the dentine in nstate of complete di=solution ; =, tubales out of focus. Circa
00 ;1.

calls * embryonic elements.” Since they are not homogeneous,
they take up the coloring-matter unequally at different points,
and therefore occasionally present figures that may bear a certain
faint resemblance to cells.
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Fig. 87 represents an appearance frequently observed in eross-
sections. A number of adjacent tubules are enlarged to such an
extent that their walls finally touch or even flatten one another.
In such cases they form five- to six-sided prisms. The question
arises: What has become of the intertubular substance ?

A slight compression of the intervening substance may doubt-
less be caused by the pressure from within the tubules, but its
total compression, as shown in Fig, 87, is altogether inconceiva-
ble. Now, since the micro-organisms cannot penetrate into the
intertubular substance through the intact dentinal sheath, the
above occurrence can be explained only by the hypothesis that

Crozs-2ecTioN oF DECAYED
DEXTINE.
The tubules through reciprocal
pressure have assumed the
shape of 5=6 sided prismez.

Croza-Brcriox oF De-
CAYED DIEXTIXE.
Showing the distention of
the tubuli and formarion
of liguefaction-foci.
4 : 1.

they form a pepsine-like diffusible ferment, which dissolves the
ntervening substance, while Neumann’s sheath remains intaet.
I am not, however, at all sure that I have hit upon the right
explanation of this phenomenon.

In the deeper zones of decayed dentine the bacteria lie ex-
clusively in the tubules and their ramifications, and a direet in-
vasion of bacteria into the intertubular substance only excep-
tionally takes place; the dissolution of the latter progresses from
the surface or from the lnmen of the tubules.

At the neck of the tooth the external layer of dentineis either
devaid of tubules, or they are so narrow that the entrance of the
bacteria is greatly impeded. Caries at the neck of the tooth con-
sequently presents phenomena which differ somewhat from those
of other parts. This applies especially to chronic dry caries at the

il s | e i

el e
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neck of the tooth, which leads to intense pigmentation. Under
the microscope the external margin of a longitudinal section
exhibits a layer consisting of masses of bacteria from which
numerous leptothrix threads radiate. Below it the dentine
appears interspersed with many triangular fissures, with their
bases toward the border and their longer diameter parallel to the
tubules (Fig. 88).

The fissures are almost always filled with micro-organisms,
especially with coeci. T suspect that they are not formed by

Fic. B8.

ArrEarAaxcE OoF DEcaY AT THE NECK oF THE TootH.
The fissures are filled with bacterin. Cirea 50: 1.

bacteria, but by the contraction of the external layer of dentine,
and that masses of bacteria, as well as very small food-particles,
enter them afterward. Each fissure thus affords a point of re-
tention or a caries-center from which the infection of the dentine
proceeds,

Specimens stained with pierocarmine frequently exhibit pe-
euliar appearances, which cannot always be easily explained.
Longitudinal sections under three hundred diameters show on
the margin a reddish fringe of leptothrix threads, mingled with
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micrococei, and below this a yellow layer about one-fourth of a
millimeter wide. DBesides, the parts in a state of disintegration
are senerally of a vellowish color. In the parts that are only
softened, but not infected, as well as in the masses of bacteria,
the red color prevails. Now and then seattered, greatly enlarged
tubules are seen to be filled with shining, yvellow, homogeneous
contents, and only under a very high power does its granular
character become evident,

(Cross-sections also often present a very peculiar appearance.
They reveal more or less numerous, scattered, greatly enlarged
tubules, filled with red-colored micrococei, and about as many
scattered, enlarged tubules of strongly refractive, homogeneous
vellowish contents (Plate ITI, Fig. 5). I am not able to state
why these various tubules are so differently affected by coloring
matter; it occurs in artificial as well as in natural decay.

Fuchsine specimens also occasionally exhibit tubules of deep
red, apparently homogeneous contents.  In such cases it may be
shown that the specimeus have been over-stained, which makes
it impossible to distinguish the closely-crowded cocel.

We now come to a series of phenomena which have been
widely discussed, but not yet definitely explained. They are (1)
the thickening of Neumann’s sheaths;
(2) the breaking up of the dentinal
fibrils into rods (pipe-stems); (3) the
occurrence of granular, not vegetable,
elements in the tubules.

Fig. 89.

THICKENING 0F NEUMANN'S SHEATH.

According to some authors, a thick-
ening of the walls of the dentinal tu-
Twexpxine or ThE DEXTAL  Bules (Fig. 89), that is, of Neumann's
(Neumann's sheath.} gheaths, is an invariable accompaniment
G of decay. According to Neumann, this
thickening proceeds until the lumen of the tubules is totally
obliterated, while Tomes assumes only partial obliteration. He
compares a dentinal tubule with its thickened walls to the stem
of a tobacco-pipe.
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Leber and Rottenstein, on the other hand, found not a con-
traction, but a distention of the tubules with thickened sheaths,
They examined several teeth made of the ivory of the hippo-
potamus, as well as three human teeth, worn on a plate, which
had become ecarious in the mounth, and discovered that the
microscopic changes of the dentine described above oceur in such
teeth alzo. Inall cases the tubules were more or less, sometimes
very extensively, dilated by a substance generally stained red by
earmine. The specimens from the ivory teeth particularly pre-
gented these changes in a very high degree.

Opinions vary greatly concerning the eause of this thickening.
Tomes'"" considers that *the diseased coundition has, perhaps,
undone the work of development and thrown light on the ques-
tion how this was effected; it might almost be said to have re-
stored the outline of the formative cells: the tissue is to a certain
extent broken up into its histological elements. Under the
microscope the section looks as though it might have been built
up of multitudes of tobacco-pipe stems, united by an interven-
ing substance. Such is the condition when disorganization has
advanced up to a certain point; at a later period short lengths of
the walls of the tubes (dentinal sheaths, Zahnscheiden of Neu-
mann) are found isolated; and finally the whole tizsue breaks
down into minute granular particles which are, by degrees,
washed away in the saliva.”

Leber and Rottenstein® do not seem to be satisfied with their
own attempts to explain the thickening of Neumann’s sheaths ;
still it seemed to them most probable * that the thickening of
the walls of the dilated tubules is brought about mechanically
by the compression of the surrounding substance.” In their
judgment, the thickening cannot be eaused by acids.

I have examined numerous specimens of natural and artificial
decay stained with picrocarmine, fuchsine, heemotoxylin, ete., and
indorse the view of Leber and Rottenstein, that a contraction
of the lumen of the dentinal tubules is seen only in cases where
‘it existed before the softening commenced. Further, that the
thickening of the dentinal sheath is not a vital process, since
it may be clearly observed in specimens of artificial decay.

Thia phenomenon might perhaps be explained, in part at least,
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by the pressure of the fungal masses in the tubules, by which a
compression of the walls is caused. This supposition receives
support from the fact that a thickening of the dentine may also
be observed around the larger masses of bacteria in decayed
dentine.  When examined under the microscope, the dentine
bordering such masses may often be seen to difter from the sur-
rounding tissue by its higher refractive power,

By the action of acids upon carious dentine I have suceeeded
in producing appearances greatly similar to, if not identical with,
the thickening deseribed above. The resisting dentinal sheaths
(tubules), especially such as are filled with bacteria, are loosened
from the basis-substance and then more or less bent at the

Fie. 90. Fro. 91.
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loosened extremities (Fig. 90, a, ), or flattened out (Fig. 90, ¢),
or, lastly, torn from their beds altogether (Fig. 90, ). On the
whole, however, it will be seen that I am not able to throw much
light upon this question, and must leave it for further investiga-
tion to =ettle,

The appearance of rod-shaped elements or fragmenis in the tubuli
of decayed dentine was first noticed by .J. Tomes, and is no
rare phenomenon either in natural or artificial decay. Fig. 91,
taken from a specimeén of artificial caries, gives a fair idea of
it. .J. Tomes" endeavored to explain this phenomenon by the
consolidation of the dentinal fibrils, while Wedl® regards this
view as not proved. Later Tomes' writes, “ These rods may
be portions of consolidated fibrils, or they may be bits of the
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sheaths of Neumann, or they may be mere casts of the enlarged
tubules.”

The fact, however, that these rods disappear often completely
as soon as they are brought into contact with dilute sulphuric
acid appears to me to render the view that they are bits of the
dentinal sheaths untenable. The rods are easily isolated by
crushing a section of dentine containing them in a drop of
water on an object-glass. If the specimen be now covered with
a cover-glass and dilnte sulphurie acid allowed to flow through
it from the margin in the usual manner, we may clearly observe,
under a high power (1000 to 1500), how the pieces suddenly dis-
solve, leaving behind a hardly visible granular detritus, and in

Fia. 92. Fic. 93. Fia. 94.
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some cases disappearing altogether. In one case I plainly saw
the form represented in Fig. 92 appear at the instant when the
acid eame in contact with a larger fragment.

I do not regard it as improbable that the produets in question
are lime formations; to me, however, they look more like eylin-
drical casts of the dentinal tubnles than caleified fibrils.  And
indeed these pieces, when greatly magnified, are sometimes seen
to contain filaments which may be regarded as the remains of
dentinal fibrils (Fig. 93). The tubular structure may sometimes
be directly ascertained under high power. I have never found
miero-organisms in these rod-like products, but have repeatedly
seen them mixed together with cocei, in much enlarged tubules
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(Fig. 94). This would seem to justity the hypothesis that after the
formation of these lime-casts an invasion of the miero-organisms
and an enlargement of the tubules takes place, loosening the casts
from the walls of the tubules. At any rate, we have here not a
vital but a chemical process, since the fragments in question are
very common in artificial decay. The fact that T have never
noticed the characteristic erystals of sulphate of lime, after treat-
ing the separate vods with sulphuric acid, appears at first to tell

Fia. 95,

Rows oF Spixisc GrasvLis ¥ 7og Tuevnes, in decay of a tooth worn on a plate.

against the hypothesis that these elements consist of lime-salts;
the quantity of lime in one fragment may, however, be too small
to give the crystal test.

The rods do not dissolve in organic aeids; they even become
more distinet after treatment with lactic and acetic acids. Three
tests with alcohol and chloroform had no eftect.

The oecurrence {:*,F. rowns qf Sfié..ilil.uﬂ, ﬁ‘l“é‘gfl&”‘ I!:;‘il"‘ﬂ-fl‘l&' in the tubules
(Fig. 95) is frequently observed in the beginning of ecaries.
Sometimes this deposit is made in a zone just in front of the
advancing caries, so that many have regarded it as an attempt
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on the part of the living pulp to retard the progress of the dis-
ease. DBut we can easily prove that such is not the case, since the
process oceursin living as well asin dead
teeth. In accordance with the above
view, Tomes, Magitot, and others took
these granules for lime-granules: Wedl,
Black, and others regard them as fat.
By crushing the above-mentioned casts
(page 191), grains are also produced in
the tubules which hear considerable re-
semblance to those which oceur naturally)
Fig. 96).

I regard it therefore as not improbable
that the granular bodies have the same 5., su.ieep Forustions 1%

origin as the rod-shaped (pipe-stems). Decavep Destixe
breaking up into granules.
1100 : 1.

Fia. 96,

EER AR

Eﬁﬂﬂ

4. Decay oF CEMENT.

Deeay of cement is confined chiefly to a very thin layer at the
Fia. 97.

APPEARANCE oF DEcay 1% CeMeNT wiTH ProOoUsceEp DEVELOPMESNT oF THE CEMEXT-
Caxars. a, surface of cement covered with various bacterium-formsz; &, border of the den-
tine: ¢, enlargement of the cement-canals and formation of liquefaction-foci : o, gpreading of
the decay into the dentine. 1100 : 1.

neck of the tooth. The decalcification and dissolution of the

cement proceeds either from the surface inward, in the form of
13
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a progressive superficial dissolution of the cement, or the cavities
of the cement become infiltrated with bacteria, giving rise to
a parenchymatous dissolution,

Fie 08, accompanied by phenomena

y very similar to those of dentine-

: decay. Its similarity to the lat-
ter 1is especially striking in
places where Sharpey’s fibers
are well developed. Immedi-
ately following deealeification
these fibers, or rather canals, are

Decay oFr CEMENT. LR
Enlargement of the lacunme amd gradual lllhltl'ﬂfi_':d Eu]d (Elllﬂl'gﬁd b:!'r bﬂﬂ-

liquefaction of the basis-zubstance T.l."t‘iél “’]I‘IL‘]I gl‘il(lll&l"}' "{I“ﬂfy

by bacteria. =1, £ . 5 i i
the intervening tissue (Fig. 97).

In this way the tissue is rarefied, and finally totally destroyed.
I possess several specimens in which this form of cement-caries
has been artificially produced,

When cement-corpuscles are present, they or their oftshoots
(as far as I have had opportunity to examine such cases) are infil-
trated with bacteria and swollen (Fig. 98). I was not able to
determine any such inflammatory reaction on the part of the
cement as oceurs, say in bone or cartilage,

DEecay or TEETH WoRN ON PLATES.

Some anthors state that decay of human teeth, worn as arti-
ficial teeth, just as decay of natural teeth devoid of living pulps,
iz exactly identical with and shows all the phenomena of decay
of living teeth. Other eminent authors, on the other hand,
deseribe appearances (transparency, thickening of Neumann’s
sheath, ete.) which, they claim, occur in living teeth only. My
observations lead me to believe that all the phenomena of deecay,
with the exception of transparency, which, strietly speaking,
cannot be regarded as a phenomenon of decay, oceur in dead as
well as in living teeth. In faet, I have reproduced all artificially.

ARTIFICIAL D ECAY.

The attempt to procure artificial decay hus been made by many
investigators, Magitot made extensive experiments in order to
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determine the action on the teeth of various acids and salts, as
well as of fermenting albuminous substances and carbohydrates.
The fermentative substances especially showed a pronounced
action in the course of two years; when a tooth was =o protected
that the agent touched it at one point only, nothing but the
exposed place was softened and destroyed. In this way a cavity
was produced which could in no wise be distinguished from a
natural cavity of decay. Magitot aseribed this action to the acids
arising in the fermenting mixtures, overlooking the further work
of the bacteria; he also neglected, unfortunately, to determine by
microscopical examination whether the tissue showed phenomena
identical with natural decay.

Similar experiments were afterward made by a number of
investigators, among others by Milles and Underwood. The
latter' constructed a large incubator, in which a mixture of milk,
bread, meat, saliva, and carious teeth was kept for six months
at blood temperature. No changes resembling caries occurred,
and this 1s easily conceivable from their own statements: “ The
putridity of the baths was, however, so offensive that it was with
some relief that we decided to abandon this particular experi-
ment. . . . My health and appetite suffered from constant
exposure to all these putrid smells.”

Milles and Underwood say nothing about the reaction in these
baths, but this ¢ putridity” leads us to conclude that it most
probably was alkaline. It cannot have been acid, since we are
told that the dentine was “ not a bit softened.” Now I think
that we are all pretty well agreed that there can be no caries
without acid ; hence the failure in the above experiment.

In a second experiment the same authors subjected fragments
of teeth to the action of a mixture of saliva and bread for three
months.

It is not stated whether they renewed the mixture in this
time. It would be a serious mistake not to have done so, because
many bacteria are very sensitive to the action of their own pro-
duets, and would be devitalized long before the close of the ex-
periment. (See page 14.) Besides, a thick felt of yeast-fungi
formed on the surface of the flasks, which probably also mate-
rially interfered with the course of the experiment. In this ex-
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periment they obtained softening, but no discoloration. A miero-
scopical examination does not appear to have been made.

They came finally to the conclusion that artificial decay is an
impossibility, because the bacteria of decay lose their specific
power when cultivated out of the mouth.

Nevertheless, I affivm that a destruction of the tooth-substance
may be brought about artificially which the most practiced
microscopist will not be able to distinguish from real decay as
it occurs in the human mouth. In faet, not one of the many
microscopists who have made the attempt has been able to
determine which of a given number of preparations were arti-
ficial and which natural.

The chief object of my experiments was to produce the micro-
scopic appearances of decay of the teeth, since it had already
been proved by Magitot beyond doubt that by varlous means
macroscopical appearances may be produced which are identical
with those found in decay.

I eut up a number of teeth which were perfectly sound, but
of different density, into pieces of different size, and placed them
in a mixture of saliva and bread. This mixture was kept for
three months at a temperature of 87° C., and during the course
of the experiment repeatedly renewed. At the end of this time
I showed a number of these pieces to a well-known dentist of
thirty-three years’ standing, and asked him if these were not
peculiar cases of decay. IHe replied by saying that he saw such
cases every day in his practice. In many pieces the dentine was
softened through and through, in all to a considerable depth.
When the softening had penetrated through the dentine to the
inner surface of the enamel, the latter was found covered with a
layer of white powder exactly as it is found in natural decay.
Cracks and fissures in the enamel had an opaque, whitish appear-
ance, and in many cases could be easily penetrated by a sharp
instrument. At the neck of the tooth the dentine was likewise
much softened, though not to so great a degree as on the
erown. The border of the enamel was rough, and so brittle that
in many places an instrument could be inserted between the
enamel and the dentine.  On the grinding-surface, in such cases
where the strueture of the tooth was imperfect and full of fissures
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or depressions, the whole tissue had been converted into a soft
mass such as iz often found on the surface of third molars.

In two cases, apparently on account of a defect of structure,
the cusps of the teeth had been attacked. On thosc points
where the acid had penetrated through the enamel, its action
upon the dentine could be followed in all directions; where the
enamel was hard and thick, without cracks or other defects, it
had not even lost its natural polish.

All of the phenomena observed in eases of so-called white
decay were present in these cases of artificial decay. If the
mixture was allowed to stand until the reaction became alkaline,
or if the pieces were exposed to the air or to the action of dif-
ferent articles of food, such as coftee, tea, tobaceo, fruit, ete., all
possible shades of eolor were produced just as they are found in
the mouth.

These experiments show, among other things, to what an
extent the resistance which the tooth opposes to the destroying
factors depends upon the structure; further, it furnishes an
answer to the question why all teeth under the same conditions
do not become decayed in the same degree. A tooth of sound
structure, protected by sound enamel, will resist the action of an
acid many years, whereas a soft, imperfeetly developed tooth
under the same conditions would show decay in the course of a
few weeks.

Sections of these pieces showed all the microscopie changes
which have been deseribed as characteristic of decay of dentine.
(See Figs. 99 to 101.) The canaliculi were filled with bacteria,
and at many points were much distended ; the thickening of
Nenmann’s sheaths and the swelling of the fibrils could also be
well observed. A well-known dentist and histologist, to whom
I showed one of the preparations, at once called my attention to
the varicose swelling of the fibrils and to the distended canaliculi,
not knowing that he had an artificial preparation before him.
Up to the present, not one who has made the attempt has been
able to distinguish a specimen of artificial from one of natural
decay at its side.

When Atkinson'® says, ¢ There is not one of these cases that
cannot be discovered in an instant as to which is natural and
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which artificial,” and bases this declaration on the ground that
“in every one that was artificial the micro-organisms followed
the line of the tubules without striking into the consolidated
intertubular substance,” he makes a double mistake which I

Fra. 99. Fia. 1040

ArmiFicial. DEcay.

a, tubules distended and me'ted together;
6, normal tnbules: e, tabule under
high power (1100: 1),  Cross-
seciion.

Fic. 101

Artiricial Decary.

Tubulez infiltrated with coect, distended
and in parts rmoning together through
the liguefaction of the intertubu- Two TurcLES PROM ARTIFICIAL DECAY.
lar substanee. Circa 400 : 1.
Compare Fig. 77-

a, filled with rods; &, with coeei.
Only those branches lying in one plans ars
represented. 1100 : 1.

think he will eorrect himself when he shall have aequired a
thorough knowledge of the appearances of natural and artificial
decay under the microscope,

One does not require to examine a very large number of prep-
arations in order to discover that both in artificial as well as in
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natural decay the micro-organisms in the deeper parts of the de-
caying tissue are confined strictly to the tubules, whereas those
nearer the surface, although they do not sfrike info the basis-sub-
stance, yet they gradually liquefy it, and thus produce eaverns or
microscopic holes in it which they immediately fill up.

My experiments have been repeated and their results con-
firmed by Foerster. BSince 1884 [ myself have repeated the
experiments a number of times, and have somewhat changed the
conditions by adding meat to the mixture and changing it every
second or third day. Not unfrequently the course of the ex-
periment is interfered with by the appearance of veast-fungi,
particularly of Saccharomyces mycoderma, in the mixture. This
fungus appears as a white, thick, dry, felty skin upon the suriace
of the mixture, and uses up the acid. In the course of a few days
putrefaction sets in and the mixture shows an alkaline reaction,
by which the course of the experiment is interfered with., If no
such disturbance occurs, the pieces will be so far decalcified in a
week that they may be easily taken up with a needle ; after five
weeks sections may be prepared, and by making scections each
successive week one will be enabled to observe how the miero-
organisms in the course of time penctrate deeper and deeper
into the tissue and gradually bring about its destruction,

I do not look upon discoloration as an essential phenomenon
of decay, and do not therefore trouble myself about the color of
the dentine in artificial decay. It has appeared to me that where
nitrogenous substances were present the discoloration appeared
gooner than if only carbohydrates were used. A decalcified
tooth placed in a mixtare of saliva and meat will become discol-
ored in a few days or weeks.

CARIES OF ANIMAL TEETH.

It is commonly believed that dental caries either does not
oceur at all in animals, or at best so seldom that the few cases
which may have been obzerved are to be regarded as striking
exceptions. And indeed we must erant that the teeth of animals,
compared to those of modern civilized races, are relatively seldom
attacked by caries. DBut if we compare the teeth of certain
kinds of animals with those of uncivilized human races which
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=ubgist principally on meat, we arrive at quite different conelu-
sions,  The animals referred to are such as live on the same fooud
as civilized human beings, especially dogs and other domesticated
animals that feed on sobstanees which form aeids by fermenta-
tion.

All writers on this subject are, I believe, unanimous in the
opinion that decay is exceedingly rare in the case of ecarni-
vora,

dland Sutton, who has ocenpied himself with this study for
many vears, found only a small number of decayed teeth in car-
nivora, and these almost invariably in animals living in captivity
for some length of time.

I have obtained information confirming these observations
from the directors of various zodlogical institutes and veterinary
colleges,

On the other hand, according to my experience, every consid-
erable collection of dogs’ skulls will be found to contain one or
more decayed teeth, nor is decay of very rare occurrence in
horses and apes.

In two hundred and ninety-five dogs’ skulls, mostly of bull- and
lapdogs, T found eighteen cases of deeay ; in six, two teeth were
decayed; in each of the remaining twelve, one. In two other
cases probably inecipient decay (I could not decide with cer-
tainty whether the teeth were really decayed or not): these two
are therefore not ineluded in the above number. In all these
cages it was invariably the first upper molar that was decayed,
which 1= explained by the faet that this tooth possesses deep
retaining-points for food-particles on the grinding-surface. The
fourth bicuspid also frequently showed signs of deeay, but no
cavity, Dwecay occurs in these skulls in the proportion of 6 : 100,
which significs much higher percentage than has been found in
Esquimaux and varions Indian tribes. I suceceeded in obtaining
material from the dry, decaved tooth of a dog, which being
soaked for a few hours in water, and then cut on the freezing
microtome and stained with fuchsine, yielded very fair miero-
scopie speeimens,  Through these specimens I was enabled to
establish the interesting fact that decay of dog teeth is accom-
panied by exactly the same phenomena as that of human teeth

e i b B o e
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(Fig. 102). Ifere also, as far as my observations reach, miecro-
cocei are the chief destructive agents. In twenty wild dogs,
forty foxes, and forty jackals I discovered no decay. Among
forty-four apes I found one having a molar tooth with a large
cavity extending to the pulp, and two molar teeth with small
eavities on the grinding-surface. OF a small number of poren-
pines’ skulls examined, one had
a molar completely broken down
by decay, nothing being lett but
the thin walls.

In horses, decayed teeth are
frequently found. In the patho-
logical collection of the Berlin
veterinary school there are two

Fic. 102,

skulls in which nearly all the e
molars show pronounced decay T
on the grinding-surface. Other :.-
skullz alzo had decayed teeth. _-'_f:-f;',
Out of about forty normal skulls e
in the collection of the agricul- S
tural school I found but one tooth 1*,

which I could with certainty
pronounce as decayed. DBut it
15 exceedingly difficult to recog-
nize decay in old, dry teeth of
horses unless it be already far
advanced. Dr. Galbreath men-
tions three badly decayed teeth
which he saw in the collection ,;:B“,L,:”f?:,::,? e D[TH",‘::. iy
of Prof. Dr. Giinther, of Han- In the side figure, piece of a tubule in the
sk beginning of the infection. 1100: 1.

The microscopical examination of decayed dentine from the
horse also showed the phenomena characteristic of human caries,
—invasions of bacteria, enlargement of the tubules, ete, (Fig.
103).

I have found the searching for decay in dry teeth of sheep
skulls no easy matter. The many folds, islands, and spaces
which are filled with remnants of food, and always intensely dis-
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colored, render it still more difficult to perceive small cavities
here than in horses’ teeth.*

I have examined a few pig
skulls and found but one small
point of decay. Since pigs eat
much fermentable food, we
should expect decay more fre-
quently, in spite of the alkalin-
ity of their saliva, if the teeth
were not so compact, and par-
ticularly if the animals were not
glanghtered at so early an age
(two to three vears).

The conditions which explain
the comparatively rare appear-
ance of decay in animal teeth
are, in my opinion :

1. The firm structure of ani-

I ' mal teeth.
E;‘u;';“mﬁj__‘:'_fﬁﬁ ";'u :i;"f‘m“'"" 91tk 2. The nature of their food
(but little fermentable).

3. The alkalinity of their saliva.

4, The comparatively short time during which the teeth are
exposed to the causes that produce decay.

SPOTANEOUS HEALING OF DENTAL DECAY.

The process of decay, if not retarded by the proper treatment,
usually resultsin the complete destruction of the crown. Cases,
however, occur (comparatively seldom) which strangely deviate
from the usnal eourse, in that the destruciive process ceases spon-
taneously, and the already softened dentine becomes hard again.
This process is most frequently observed in the permanent first
molars, but it also occurs in milk-teeth. Some years ago I ex-
amined the mouths of a boy and girl (twins, three years old)

*In more than one hundred skulls I could not establish with certainty the
presence of any trace of deeay. I was, on the other hand, astonizhed at the fre-
quency of exostoses and destructive processes on the roots of sheep teeth.
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whose teeth were in a very bad condition. All the front and
several, molar teeth were s0o much decayed that I entertained but
little hope of saving them,

I made temporary fillings in a number of the teeth, and
directed the little patients to be sent back again in two months,
At the end of this time they punctually returned, but as the
decay had apparently made no progress in the untilled cavities,
nothing further was done. All of these unfilled cavities, eight
in the front teeth and three in the molars, healed completely,
the dentine became hard and smooth, and no farther loss of
substance occurred.

The healed dentine retains the color of the carious dentine, iz
almost as hard as the normal, and according to the determina-
tions of Dr. Cohn, of Berlin, contains a much greater percentage
of lime than decayed dentine. Microscopie examinations of
healed dentine have not, as far as I know, been made. In two
cases of healed decay I prepared some sections, but was not able
to note anything characteristic. The invasion of the bacteria in
the cases examined had been superficial, a fusion of the basis-
substance had not taken place, and the dilatation of the tubules
was confined to the external layer. Results obtained from the
examination of only two cases are, however, naturally not to be
relied upon too implicitly.

Opinions concerning the cause of this healing vary. Accord-
ing to some authors, it is to be explained by a renewed deposit
of lime-salts in the softened dentine. Such a deposit could of
course oceur only in places not yet invaded by bacteria. Others
maintain that no vital process of any kind, as a redeposition
of lime-salts, can take place in the completely developed dentine.
They regard the healing as being due merely to the dehydration
(drying) of the dentine. As is well known, the decayed dentine
of extracted teeth becomes somewhat hard. Further experiments
are necessary to determine which of these views is correct.

If we accept the dehydration theory, we shall find it very diffi-
cult, I am afraid, to explain how the dentine, continnally bathed
with liquid as it is, can at all dry out in the human mouth, par-
ticalarly how it can dry out in one tooth and not in others
which may be decayed in the same mouth. We shall, further-
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more, in case the experiments of Cohn should be confirmed, be
unable to aceount for the smooth, shining surface and the in-
creased percentage of lime-salts in the repairved dentine. If we,
on the other hand, accept the recaleification theory, we have to
choose between two possibilities,—(1) the possibility of a recalei-
fication of the dentine ; more or less complete restoration of the
lime-salts of the decayed dentine through the medium of the
pulp (a virtual restitutio ad integrum), which would not be in
accordance with the eoneeption of Hoppe-Sevler (page 149); (2)
the possibility that new dentine may be formed at the expense
of the fibrils in the manner described under transparency of the
dentine.  Without pronouncing my adherence to the vitalistic
theory, I think I may say that I am not quite satisfied with the
dehiydration theory. We have here another subject for experi-
ment.



CHAPTER VIII
ETIOLOGY OF DENTAL DECAY.

Havize acquainted ourselves with the physiologieal proper-
ties of the chemical and organic ferments oceurring in the oral
cavity, as well as with the nature of the fermentations excited
by them, and having furthermore examined the chemical and
miecroscopical changes of the dentine characteristic of deecay, and
shown the possibility of producing decay artificially, we now
come to the question: What is the cause of dental decay ?

[~ Dental decay is a chemico-parasitical process consisting of
two distinetly marked stages : decalcification, or softening of the

tissue, and dissolution of the softened residue. In the case of

enamel, however, the second stage is practically wanting, the
decalcification of the enamel practically signifving its total de-
struction.

After having discussed the processez of fermentation in the
monuth, it is not difficult to determine the source of the acids
which eftect the decalcification. They are derived chiefly from
particles of amylaceous and saccharine substances which lodge
in the retaining-centers and there undergo fermentation. The
presence of an acid reaction in eavities of decay and in caries-
-~ ecenters may be easily determined by the simple test with blue
litmus-paper. The test should not be made at the surface, but
in the deeper layers, after the remains of food and outer layers
of carious dentine have been removed. I examined two hun-
dred and thirty cases in regard to this question, and found the
reaction acid in two hundred and twenty-five, neutral in four,
and alkaline in one ecase. The latter five cases may be explained
by the predominance of albuminous substances (meat, gangre-
nous pulp-tissue, ete.) in the cavity at the time of examination.

205
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[nasmuch as the fermentation of carbohydrates gives rise to the
production chiefly of lactic acid, and sinece lactic acid even in
dilute form speedily acts upon tooth-tissue (decalcifies it), there
can be little doubt that the acid reaction and the decalcification
of the dentine are produced in a great part by this acid. The
accuracy of the supposition may be easily proved by the Ewald
test. If we place a large piece of decayed dentine in a test
tube containing the solution given on page 106, and allow the
tube to stand in the dark for =ome time, a yellowish zone like a
halo will be formed about the piece, indicating the presence of
laetic acid with tolerable certainty, since we know that the other
substances which give this test (page 107) are not formed except
in very minute quantities. T

The acids formed in the mouth by fermentation of starch are
quite as injurious to the teeth as those formed from sugar. - The
assertion that starch is not injurious to the teeth rests upon no
experimental basis.  On the other hand, it has been irrefutably
established by experiment that saliva containing starch at blood
temperature shows an acid reaction as soon and develops as
much acid in a given space of time as saliva containing sugar.

If we divide a quantity of saliva into a number of equal por-
tions, and add to each an equal quantity of different carbohy-
drates (sugar, bread, potato, starch, ete.), we shall find that those
eontaining bread and potato not only show an acid reaction
sooner, but even develop more acid in a given time than the
portions to which sugar has been added. Starch-paste and
sugar, as far as my observations go, react about equally strong.

Some very interesting experiments were pertformed by Ellen-
berger and Hofmeister,”™ which show that under certain circum-
stances starch-paste, too, is more rapidly transformed into lactie
acid than sugar. An alkalinized pancreas-extract containing
grape-sugar kept at a specified temperature did not develop an
acld reaction till after forty-eight hours or more, whereas on the
addition of starch-paste an acid reaction appeared in twenty-
four hours,  ** Sugar in statu nascendi seems to be transformed
imto lactic acid more quickly than in its ordinary state. In all
experiments on digestion with starch-paste, lactic acid is rapidly
developed.”
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In all cases the starch is first transformed into grape-sugar by
the ptyaline of the saliva or of the pancreatic juice, and is then
gplit into laetic acid by the lactic acid ferment of various bae-
teria. Now, it is well known that many chemical bodies possess
other affinities at the moment of their formation than at other
times. According to the experiments referred to, this appears
to be the case with sugar. For other reasons, also, I consider
starch and amylaceous substances more detrimental to the teeth
than sugar, particularly as sugar, being readily soluble, iz soon
earried away or so diluted with the =aliva as to be rendered
harmless, whereas amylaceous matter adheres to the teeth for a
greater length of time and consequently manifests a more con-
tinned action than sugar.

Hesse’s ' ohservations in respect to earies of bakers’ teeth lend
support to this opinion. Ie writes, ** In the Dental Institute of
this city [Leipzig] I have had the opportunity of seeing a great
number of patients among the industrial and working classes, and
have been particularly surprised at the bad condition of the teeth
of our bakers. They are affected by caries to such a degree that I
have been able in many cases, since my aequaintance with this phe-
nomenon, to determine the calling of a patient by the condition
of his teeth. There can be little doubt that we have here to do
with a disease which stands in causal connection with the calling,
and the theory of caries recently propounded by Miller gives a
satisfactory explanation of it. A few confectioners’ children are
the only individuals I have seen who could bear comparison with
bakers, although their teeth were not in quite =0 bad a con-
dition. Probably the millers may be able to compete with the
bakers, and it would be desirable to be enlightened on this
point.”

Busch, on the contrary, is of the opinion that ¢ baker caries™
is due rather to the inhalation of sugar-dust than to that of flour-
dust.

Different sugars manifest but little difference in their capability
of being split up into acids. Those kinds belonging to the
grape-sugar group—grape-sugar (dextrose), fruit-sugar (Ievulose),
lactose (galactose), and maltose—are directly fermentable and de-
compose according to the equation: C,H,0,=2C,H.0),. Cane-
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sugar (saccharose) and milk-sugar become fermentable only after
hydratization,

C,H.0, +H0=CH,0, + CH,.0, CH,0,=2CHO,

Cane-sugar. lin.'cl.m*t Lievaloze, Lactic acid.

There seems to be no considerable difference of time in respect
to the beginning of the fermentation of the grape-sugar and
cane-sugar groups: the one is apparently about as detrimental
to the teeth as the other.

Fermentable albuminous substances mixed with saliva de-
velop but small quantities of acid, which soon disappear. They
are¢ not injurious to the teeth, even though retained for some
length of time; they may even retard the progress of decay by
neutralizing the acid through their alkaline produets. The most
diverging opinions prevail in regard to the participation of differ-
ent substances in fermentations arising in the mouth, none of
which rest on solid foundations. Above all, the conception that
albuminous substances (meat) putrefying in the mouth produce
acids 1s totally erroneous,

The facts mentioned on pages 27 and 115 cannot leave us in
doubt on this point. It seemed to me desirable, however, to
refute the above views experimentally, and at the same time to
establish the relative significance of different carbohydrates as
acidifiers.  For this purpose I made over two hundred experi-
ments with human saliva, and also a few with the saliva of dogs
and rabbits. 4.0 c.cm. of fresh saliva were mixed with 0.5 g. of
the food to be tested, and the reaction as well as the quantity
of free acid determined after the lapse of a certain time.

The I‘l'-illh-: obtained are given in the ﬂl"{}wiug table. The
“acid unit” signifies that quantity ot acid which is necessary to
neutralize 0,1 c.em. of a 0.5 per cent. solution of caustie potash.

Material. Duration of experiment. Acid formed in acid units,
Bread (dry) . .12 and 30 hours 22 and 72
Starch . : . - e A 20 = 42
Cane-sugar . i i i Lt I =t oD
Grape-sugar . , * ik L 19 =5 49
Potato (boiled) . : k i - 24 - b

Corn (in milk) . : - 5 it 24 - qv
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Material.

Bread (1.0 g.) .
Sugar (2.0 g.)

Rice .
Macaroni . :
Meat : :
Meat (raw) :
Fish i ;
Eggs

Cheese

Spinach (in water)
Potato (raw) .
Salad (raw) .
Fat . :

Duration of experiment.

12

&k

Wk

bh

(18

L]

and 30 hours

Eh

ke

h

ok

ie

L

ke

LT

(1

nh

kE

19

Acid formed in acid units.

35 and 110
L LTS & |
Sk Py
(14 TG

ik _31:
“oo—h
 F

21
0
0
{] wh e
()
()
0
0

Sy

In but one series of experiments with dog saliva I obtained
the following figures (reaction strongly alkaline at the beginning

of the test):

Material,
Starch . 41,12,
Meat (cooked) <«
Meat (raw) . < ©
Sugar . Sol SR
Bread . e L
ie

Potato . o

Material.
(Grass . :
Turnips . ;

*

i

ke

R

we

For rabbits’ saliva.

Draration of experiment.

41 to 12 hours,
44 «* 35

s

h

(19

Lw

e

Daration of experiment.
20, and 35 hours.

ah

L

(1Y

bw

-

19

wk

LS

Reaction.
always alkaline.
wh b
alkaline, putrid smell.

acid atter 20 hours.
id il 12 i

Reaotion.
alkaline.

up to thirty

hours alkaline, then an acid reaction set in, but not so
strong as when the turnips were erushed in water.

The fresh saliva of both animals showed a strong alkaline

reaction.

The few experiments made for the purpose of comparing the
acidifving power of raw and cooked food seem to indicate that

* The sign — denotes an alkaline reactlion.

14
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raw vegetable food iz less fermentable than cooked. Should
further researches prove that this iz indeed the case, the cooking
of food would have to be reckoned among those customs of
civilization which have a detrimental influence upon the teeth.

It is well enough known that acids, brought into the mouth
as medicines or with the foods, may have a deleterious action on
the teeth. An excess of sour fruit, grapes, lemons, ete., and the
continued use of acids or acid compounds doubtless has a deeal-
cifving action on the teeth, attacking first not the concealed but
the exposed parts.

Schlenker™ calls attention to certain substances which, coming
into contact with the teeth, either as food or as medicine, are
generally injurious, some to such an extent that their decaleify-
ing action becomes vizible to the naked eye in the short space
of five minutes. I do not attribute too great an importance to
the influence of such substances, nor do I underrate them, since
a slight injury of the emamel or dentine caused by such agents
may give rise to decay at points which otherwise would have
escaped.

An acid reaction of the saliva iz equally detrimental. This
is said to occur in rheumatism, gout, gastro-enteritis, diabetes
mellitus, dyspepsia, and various disorders of the alimentary
tract, in fevers (typhus, intermittent fever, ete.), in diseases of
the lungs, ete.,, and during pregnaney. According to some
authors, the mucus also, under certain circumstances, has an
acid reaction, and the attempt has been made thereby to explain
pathological phenomena, particularly at the neck of the tooth
(wedge-shaped defect, neck decay). Our knowledge of the
properties of muecus iz unfortunately too limited to determine
accurately the part it plays in decay of the teeth. (See page 42.)

With less reason, it appears to me, Tomes, Black, and others
ascribe a destruetive (probably meaning a decalecifying) action
on the neck of the tooth to the “ acid secretion™ of the irritated
gums. No conclusive facts have been adduced for this supposi-
tion. On the other hand, it is well known that decay very
seldom oceurs in cases of pyorrhea alveolaris, in which the
gums are in a state of irritation for months together. When-
ever decay does accompany inflamed gums, we invariably find
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pockets or spaces which, by retaining food-particles, serve as
centers of fermentation and consequent decay.

According to Coleman,'™ the acid reaction of decayed dentine
15 caused by the formation of an aeid phosphate of lime, arising
from the disintegration of the lime-salts.

Bridgman ' explains the acidification by an electrolytic de-
composition of the buccal juices.

The second stage of caries, the dissolution of the softened dentine,
is eaused by bacteria. We have seen that many mouth-bacteria
have the faculty of dissolving coagulated albumen or albuminous
substances, of peptonizing or converting them into a soluble
modification. We have also seen that the basis-substance of
dentine consists of an albuminous substance. The explanation
of the second stage of decay is therefore very easy, the more =o,
gince the liquefaction of the softened dentine by bacteria is
directly detectable under the microscope and may be easily ac-
complished experimentally. The dissolution of dental cartilage
(in fact, decay in general) has been designated as putrefaction, on
the whole an ill-chosen term, inasmuch as the characteristics
of putrefaction (alkaline reaction and bad odor) are entirely
wanting in a cavity of realdecay. The decaying dentine shows
an acid reaction and emits a sour smell.* This stage of caries,
therefore, is adigestive process. The dental cartilage is dissolved
by the bacterium-ferment, as albumen by the pepsine of the
gastric juice.

We must rid ourselves of the impression, which the applica-
tion of the very unscientitie and unprofessional name of bugs
to bacteria has no doubt tended to spread, that the parasites
of the human mouth make holes in the dentine by boring
into it as a worm bores into wood or by gnawing at it as a dog
gnaws at a bone. Bacteria have no apparatus for boring, nor do
they have mouths or any provision for breaking oft’ small por-
tions of solid substances which they then swallow whole or take
directly up at any point of their periphery after the manner of an
ameeba. They nourish themselves alone by substances in a state

*Of course the odor of a gangrenous pulp or of suppurating gums, ete., must
not be confounded with that of the dentine.
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of solution, and it we present them solid substances they them-
selves must liquefy them before they can make any use of them
tor their own nourishment.

Upon this power of bacteria to liguety substances of an albu-
minons nature depends the destruction of' the softened dentine,
—in other words, the second stage of dental deecay.

The objection has been raised against the chemico-parasitieal
theory of caries, that the reaction of the saliva in any mouth is
no criterion tor the extent of decay in that mouth. When the
reaction of the saliva is alkaline, decay has been found to be
extensive; and, on the other hand, cases have been reported
where an acid reaction of the saliva was not accompanied by a
corresponding amount of deeay.  None but a very superficial
investicator, however, wonld draw conclusions from a simple
examination of saliva.

The rapidity with which the process of destruction of the
teeth in any mouth advances is evidently direetly proportional
to the intensity of the fermentations going on in the retention-
centers, and inversely proportional to the density of the tooth-
substance. Now, both of these factors are virtually independent
of the reaction which the saliva may show on escaping from the
ducts. A prolonged strong acid reaction of the saliva would
indeed render the fluids of the mouth less adapted to the dével-
opment of bacteria, and in so far as the acid could penetrate the
centers of fermentation tend to decrease the intensity of such
fermentation.  Such a decrease would, however, be compensated
for by the action of the acid itself.

The case becomes very different when we turn our attention
to the free surfaces of the teeth. A prolonged acid reaction of
the saliva would of necessity manifest its disastrous influences:
upon these surfaces sooner or later, according as the teeth are
soft or dense in structure. Consequently, if anyone can show,
me i case in which an acid condition of the saliva has persisted
tor =ome months (not one in which the =saliva chanced to react
acid just at the moment of examination, or one in which the aeid
reaction was caused by bad litmus-paper, or by handling the
paper with sweaty fingers, ete.), 1 shall have no difficulty in
pointing out places at which its aetion is plainly manifest. |



ETIOLOGY OF DENTAL DECAY. 213

The total absence of decay in a closed root-canal which has
for years been harboring a putrid pulp and innumerable bacteria
18 a still less warrantable objection to the above-mentioned theory.
It evinces an eutire ignorance of the vital conditions and fer-
nrentative action of bacteria. For, in the first place, the bacteria
in a closed root-canal either perish, or, what happens more
rarely, become inactive as soon as the nutriment in the pulp is
consumed,—ie., in a few days. In the second place, even
though they could really vegetate for vears in a root-canal, we
should still have no reason to expect decav, becanse the carbo-
hydrates, essential to the formation of acids, are wanting. The
reaction of a putrid pulp is invariably alkaline.

Leber and Rottenstein® discovered after boring into two
incisors, which had a pecualiar blue color withont exhibiting a
trace of decay externally, that the entire interior of the teeth
wis brown, completely softened up to the enamel, and that even
the root was hollow. Such very exceptional cases “ must not
be identified with common caries.” They are of such rare
occurrence that no satisfactory explanation of them has yet been
offered, and every one who reads the report of them can only
shrug his shoulders and wait for the day when he may have an
opportunity to examine such a case personally, an opportunity
which but rarely comes even once in a lifetime,

The view that during the dizintegration of the pulp the acid
necessary for the softening of the dentine was formed, iz untena-
ble, first, becanse the reaction of putrid pulps is always alkaline;
secondly, because even in case an acid reaction should take place,
under peeuliar cirenmstances, all bacteria of the pulp would he
destroyed long before even a fraction of the quantity of acid
requisite to decaleification would be formed. We cannot as-
eribe this oceurrence to a process of nitrification, such as occurs
in the soil, since this demands free access of air.

In support of the inflammation theory, a difterence has been
assumed between decay of living and dead teeth. It has been
asserted that the softemed layer of dentine is much thinner,
dryer, and blacker in dead than in living teeth. Every practi-
tioner has surely seen phenomena which seem to agree with this
assertion, but a satisfactory explanation may be found without



914 THE MICRO-ORGANISMS OF THE HUMAN MOUTH.

much trouble. The alkaline products of the putrefying pulp
and of the inflamed suppurating or disintegrating gums neu-
tralize the acids formed in the dental cavity by fermentation.
The process of deealcification ceases, partially at least, whereas
the dissolution of the already softened dentine proceeds. The
decalcified layer of dentine must gradually beeome thinner under
such cireumstances. It a just extracted carious tooth be kept
in a putretying albuminous solution for some length of time, the
zoftening of the dentine completely ceases, while the dentine
which has already been softened gradually disappears.

THE MICRO-ORGANISMS OF DENTAL DECAY.

Ounr knowledge of the micro-organizms most directly con-
cerned in the destruetion of the substance of the tooth is as vet
very deficient.  We have been able to establish the fact that all
micro-organi=ms of the human mouth which possess the power
of exciting an acid fermentation of foods may and do take part
in producing the first stage of caries; also, that all possessing a
peptonizing or digestive action upon albuminous substances may
take part in the second stage; and, finally, that those possessing
both properties at the same time may take part in the produe-
tion of both stages. DBut whether there iz any one bacterium
which may afiways be found in decayed dentine, and which
might therefore be entitled to the name of the bacterinm of tooth-
decay, or whether there are various kinds which oceur with
considerable constaney, we are not able to say.

During my experiments upon the bacteria of decay in the
vear 1883, [ isolated four different kinds of bacteria from decay-
ing dentine.  These I deseribed in the Independent Practitioner
for July, 1884,

I have frequently met with them in more recent investiga-
tions, and they have also been observed by others. I do not
consider the experiments 1 then made sufficiently extensive or
concluzive to be incorporated here, and experiments now in
progress, with new methods and larger material, are not yet
concluded, it being necessary to examine at least fifty to one
hundred different teeth in order to arrive at satisfactory results,

The researches recently made by Vignal and Galippe,™® and
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reported in L’ Odontologie, although not yet concluded, appear
to be deserving of more notice.

The investigators named have examined eighteen decayed
teeth, in all which they found four different kinds of bacteria ;
a fifth kind they met with eight times, and a sixth five times.

1. The first kind met with is a short, thick bacillus, not
forming chains. It has a length of 1.5y, and is almost as thick
asitislong. In puncture-cultures,in gelatine, it grows tolerably
rapidly, forming a white trail, and begins to Liquefy the gelatine
at the end of the third or fourth day, turning it white and
opaque. In plate-cultures it forms small, slightly prominent
colonies, which having attained a diameter of two to three
millimeters spread outin the liguefied gelatine,

2. The second kind is a bacillus 8.0p long and about one-half
as thick, slightly constricted in the middle. Its cultures are
similar to those of the preceding, except that its colonies spread
out more upon the surface ot the gelatine before liquefying it.

3. The third kind is a bacillus quite similar to the preceding,
showing, however, no constrietion. It is square at the ends, and
forms quite long chains, partienlarly in hiquid media. It does
not liquefy the gelatine, but slightly softens it.

4. The fourth kind is a very small, thin bacillus, almost as
thick as long, so that it might at first be mistaken for a cocecus,
It forms a white trail in the gelatine, which it speedily turns
yellow and then liquefies,

5. The fifth kind, found but eight times, is a bacillus with
rounded ends, which forms at first a white trail in the gelatine
and then liquefies and clouds it.

6. The sixth micro-organism, found but five times, is a very
large coceus. It was found only in advanced stages of decay,
where the canaliculi were already considerably dilated, it being
too large to enter the sound tubali.

It forms trails in the gelatine, which it does not liquefy, and
to which it lends a whitish aspect.

In a memoir, 20on to be publizhed, Galippe and Vignal
promise to present in detail the characters of the cultures above
mentioned.
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JPREDIEPUE-ING CAUSES OF DENTAL CARIES.

In contradistinetion to the exciting causes of caries, we char-
acterize as predisposing such conditions of individual or of all
teeth which divest them of their normal power of resisting ex-
citing canses, or by which they ofter them especial points of
attack.

Predisposing conditions are only found in the teeth them-
selves, in their development, position, ete., while, on the other
hand, all external agencies are to be considered as exeiting
causes, It is therefore not logiecal to regard gout, e.4., as a pre-
disposing cause, becanse it is accompanied by an acid reaction
of the saliva. The action of an acid on the teeth will always be
the same, whether it is secreted by the mucus or salivary glands,
or formed in the mouth by fermentation, or introduced trom
withont; it is invariably an exciting, not a predisposing cause.

1. The structure of the teeth plays the most important part as
a predisposing cause of dental caries.  Poorly developed, soft,
porous teeth, with many large interglobular spaces, are highly
predisposed to caries.  As a lump of table-salt dissolves more
rapidly in water, on account of its porosity, than an equally
large piece of rock-salt, porous dentine is more rapidly decalei-
fied than well-developed, firm dentine, beeause the acid may the
more readily penetrate the tissue, and becaunse less acid is
required to decalcify a porous than a hard tooth., It may easily
be proved by experiment that poorly developed dentine is much
more rapidly attacked by aecids than sound dentine. (See page
196.) Not only does the decalcification, but also the destruetion
of the cartilage, advance more rapidly in the former case, be-
cause the micro-organisms, in many cases at least, enter the
interglobular spaces and more readily pervade and destroy the
entire softened tissue,

2. As a second predisposing factor I designate abnormally
deep fissures or blind holes (foramina eaca) in molars and super-
ior lateral incisors, especially in cases where the enamel also 1s
poorly developed. By their continual retention of food-particles,
such points directly induce caries, and offer but little resistance
to it in consequence of the absence of an intact protecting cover
of enamel.
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3. In the third place, fissures or cracks in the enamel are
regarded as a predisposing caunse. I Lave not, however, been
able to convince myself that decay frequently starts from these
enamel-cracks, often found in senile teeth. They are usually
too narrow to permit the entrance of food-particles, and conse-
quently do not serve as points of retention.

4. In the fourth place, teeth are predisposed to decay by a
crowded, irregular position. An instructive example is furnished
in cases where the first bicuspid stands inside of the arch, so as
to form a triangle with the second bicuspid and the cuspid; or
the second bicuspid forms a triangle with the first bicuspid and
first molar. It is impossible to keep the space between these
three teeth elean, and fermentation and acid formation continu-
ally oceur there and attack the teeth. Not only in such cases,
but wherever a ecrowded position of the teeth favors the reten-
tion of fuood-particles, or renders their removal dificult, a pre-
disposition to caries prevails. The form of a tooth is not without
influence ; teeth with convex approximal surfaces touching each
other at one point only (Fig. 104) are, ewferis paribus, less subject

Fia. 104, Fia. 1045,
|
| I

to caries than teeth with flat or slightly concave surfaces (Fig.
105), because the latter cannot be kept so clean, either sponta-
neously (by the tongue, ete.) or with the brush,

5. A recession or loosening of the gums from the neck of the
tooth not only lays bare the dentine, but also permits the entrance
of food-particles between the necks of the teeth or into the
pockets formed by the loosening of the gums, by which means a
further predisposing canse for caries is furnished.

6. Many consider pregnancy as a predisposing canse. [tisnot
to be denied that during pregnaney women are particularly sub-
jeet to earies. The reason for this is, however, probably to be
sought in the fact that the patients generally neglect the care
of the mouth during that time, and that the buceal secretions
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assume an acid reaction ; these are both exeiting causes of decay,
Pregnancy itselt can only be regarded as a predisposing cause
in so far as it effects a loosening of the gums or a change in the
structure of the teeth by a withdrawal of the lime-salts to build
up the fetal skeleton,  Whether sueh an extraction takes place
has not been definitely ascertained.

7. Many believe that a predisposition to caries may be inher-
ited. It cannot be denied that badly developed, irregular teeth
may be and are inherited, and in so far inheritance may be con-
sidered as a predisposing canse of caries,

8. Wedl, Tomes, and others mention as predisposing causes
various general discases, as rheumatism, gout, diabetes, gastro-
enteritiz, dyspepsia, cancer of the stomach, serofula, rachitis, and
tuberculosis.  These diseazez may indeed furnish the exeiting
canses of caries by imparting an acid reaction to the bueeal
Juices, but how they ean predizpose the teeth themselves to caries
is not readily apparent, unless they render them more easy of
aecess to the exeiting causes by concomitant gum-diseases as
described under 5.

I doubt whether elimatic or geological conditions have much
to do with the origin of caries. Esquimaux, Lapps, [celanders,
Arabs in Nubia, Patagonians, ete., have the best teeth in spite
of unfavorable climatie econditions.

INFLUENCE OF CIVILIZATION ON DECAY.

That decay of the teeth is not a disease peculiar to civilization
is proved by the manifold observations which have been made
on the skulls of ancient and modern uncivilized races in Europe
and America. A visit to any anatomical or anthropological
museum and an examination of a large number of race-skulls
will convince every one of the correctness of this assertion. Such
examinations have been made by Broea, Magitot,” Mummery,'

sarrett,' myself,' and many others, and invariably led to the
same concluzion, that decay has occurred in all races, civilized
as well as uncivilized, and at all times.

Races subsisting solely on meat (Greenlanders, etc.) come near
forming an exception to the rule, yet they appear to be not abso-
lutely exempt from decay. (See page 221.)
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That the frequency of decay is greater in civilized races than
among =avages has also been established by numerous observa-
tions. Mummery’s interesting communications are especially
worthy of mention. Ie found decay among the old Britons of
the dolichocephalous type in 2.94 per cent., among the brachy-
cephalous Britons in 21.87 per cent., among the Anglo-Saxons in
15.78 per cent., among the Romano-Britons in 28.67 per cent.,
and among the ancient Egyptians in 41.66 per cent.

There i= no doubt that a deterioration of the teeth accompanies
the progress of civilization. The reasons for this are many. The
mode of life of most unecivilized races not only conditions a
sound, well-developed body, but the osseous system, of course
including the teeth, shows the same vigorous development, and
above all a compact structure. An individual whose youth is

~ spent in the open air, unrestricted in his bodily freedom, is likely
to possess a body better developed in all its parts than one who
has been brought up in a modern school-room.

The quality of the food also exerts an influence on the teeth
not to be underrated. They form no exception to the rule that
an unused member will be less perfectly developed than one
constantly used.

+ The pressure brought to bear upon the teeth by mastication
causes a more lively cireulation in the periostenm and in the
pulp, thereby inducing an increased deposit of lime-salts or a
more complete caleification. Practical experience also teaches
that children brought up on soft food (broths, paps, ete.) gener-
ally have bad teeth. If a race of human beings or of animals
were to make no use of their teeth for several generations, we
should expect to find a gradual deterioration of the dental strue-
ture. It is, to say the least, highly probable that the soft qual-
ity of many of our foods, as ecompared to those of uncivilized
races, conditions a soft, porous dental substance, as well as an
imperfect development of the jaw-bone, and a concomitant
crowded position of the teeth.

Then again, the chemical composition of the food is of great
influence upon the origin and extension of caries. Whoever
grants the truth of our proposition,—no caries without acid,—and
recognizes the fermentative processes in the mouth as the chief
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source of the decaleifying acids, and has verified onr table (pages
208, 209), will hardly deny the correctness of this statement,

A person living on such foods only as undergo no acid fer-
mentation in the mouth (meat, raw vegetables, roots, ete.) will,
I am convineed, be but comparatively little afilicted with caries.
It this supposition were well founded, a comparison of the fre-
quency of caries among races subsisting on meat alone with that
of races who consume vegetable or mixed foods wonld yield
higher figures for the latter. Caries should also then be more
frequent in phytophagous animals than in carnivora.

That such investigations are connected with enormous difh-
culties is apparent. It is extremely difficult or altogether im-
possible to eliminate other simultaneously present, especially
predisposing causes.  In the second place, the statements of cer-
tain authors concerning the food of savage tribes do not always
agree, and furthermore suitable material for these examinations
iz extremely =carce in most anatomical collections.

Very interesting and valuable figures have been gathered by
Mummery, which are meant to establish the relation of caries to
the liealthy or unhealthy manner of life of a given race,

These figures, with a few changes which concern the nourish-
ment of the races specified, and with the addition of those which
[ have deduced from various anatomical and anthropological
collections, are presented in the following table

Axciext Races. ";hu of Caries. : ERIE:'I“HE Food.
=kullz aries,
Ancient Britons . . . 68 2 294 Meat (beef, wild boar).
{dolichocephulous )
Ancient Britops . . .| 82 | 7 21.87 |
(brachycephalous. ) |
Ancient Britons . . . a9 24 40 68
(exploration of Green-
well.) | Mixed food (meat, fish,
Ancient Britons . . .| 44 | 9 | 2045 |[ o0sts, wheat, besns,
(mixed.) . roots, ete. ).
Romano-Britons . . . | 143 41 U8 67 !
Anglo-Saxons . . . . 76 12 15.78

Ancient Egyptians . . 36 15 41.66 |



INFLUENCE OF CIVILIZATION ON DECAY. 2321

| Xo.aF .| Percentage | ;
Mopgry Racgs. Skulle, | Cries. {:':Ilrrlfi"s. : Food.
Esquimaux . . . . . |81 2 2.46 |Meat and fish.

North Amerieans . . . | 63 | 2 317 |Meat and fish, probably
(eoasters,) | | not quite exclusively.
North Americans . . .| 22 ‘ 2 9.09 |Mostly meat, some vegeta-

(interior. ) bles.

South Americans . , .| 28 | T 27.00 | Principally meat.

Feejee Islanders . . . 38 @ 2 526 |Human flesh and mixed
food.

Polynesians . . . . .| 79 8 10.12 Mixed food.

Sandwich Islanders . . | 21 3 14.28 - Et

New Zealanders . . - | 66 2 3.30 Human flesh, pork, fish,
roots,

Australians . . . . .| 132 27 20.45 | Mixed food.

Tasmanians . . . . .| 33 9 27.27 i it

Chinese . . . . . .| 50 21 4020 | w© “ mostly vegetable

East Indians (north) . . 152 9 5.92 i &

East Indians (south) . .| 71 | 10 | 14.84 oo

Africans (east) . . ., . 32 8 25.00 i i

e L e e | 4R ] (1498 o R

Africans (west) . . . | 236 66 27.96 o L

3 S ! 22 | L% 4.54 (7)| Meat or fish, milk, cheese,

The Gauchos, a cattle-breeding tribe, inhabiting the pampas of
La Plata, and subsisting on meat, are said to be free from earies,
while a related tribe in Chili, that subsists on bread, beans, meat,
ete., showed 19.3 per cent. of caries. Again, those Gauchos who
live in cities, and who eat mixed food and much sugar, also suffer
much from decay of the teeth.

A hasty examination of zeveral skulls led Black ™ to the sup-
position that those races which eonsume much sour fruit are less
afflicted with caries than those living on meat and grain. DBut
when we remember how the teeth are destroyed by a grape
cure, we can only regard the result of Black’s investigation as
aceidental, particularly as it was but a ** hasty™ one.

In one point, however, all examinations coincide.  All authors
call attention to the fact that the Esquimanx, certain meat-cating
tribes of North American Indians, Icelanders, and, as far as [
have observed, Lapps alzo, are almost entirely exempt from
caries,
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The immunity of these races cannot, it seems to me, be ex-
plained by the favorable hygiemic mode of life, climatic influ-
ences, ete,, alone. They often suffer from famines; various dis-
eases are frequent, especially among the Lapps, and the latter,
as well as the Esquimaux, are becoming extinet. That the
number of inhabitants of Iceland has remained stationary for
the last few centuries is said to be duoe to * voleanic eruptions,
frequent epidemics, unhealthy mode of life, famines, ete.”

I think therefore every one will agree with me that the con-
ditions prevailing in the countries named are not to be regarded
as condueive to a perfect development of the human body.

Those factors which contribute to restrict the oceurrence of
decay of the teeth are, in my opinion, (1) a mode of life favor-
able to the development of the whole body, (Z) the use of food
which 1z sufficiently hard to afford the teeth the exercise neces-
gary for their vigorous development, (8) the use of food which
does not undergo an acid fermentation in the mouth.



CHAPTER IX.
PROPHYLAXIS OF DENTAL DECAY.

To every one at all acquainted with the nature of that con-
dition of the teeth denominated as decay, caries, ete., and with
the causes by which it is produced, it must be apparent that
there are four ways by which we may counteract or limit the
ravages of this disease. We may endeavor (1) by hygienic
meagures to secure the best possible development of the teeth; (2)
by repeated, thorough, systematic cleansing of the oral cavity and
the teeth, to so far reduce the amount of fermentable substances
as to materially diminish the production of acid, az well as to
rob the bacteria of the organic matter necessary to their rapid
development; (3) by prohibiting or limiting the consumption of
such foods or luxuries which readily undergo acid fermentation
to remove the chief source of the ferment-products injurious to
the teeth; (4) by the proper and intelligent use of antiseptics to
destroy the bacteria, or at least to limit their number and
activity.

‘That a great influence is exerted upon the process of fer-
mentation in the human mouth by the mechanical cleansing men-
tioned under 2 may be easily proved by the following experi-
ment: Take 10.0 c.em. saliva from the mouth in the morning
before cleansing it, add 0.5 gr. starch, and place the mixture in
the incubator. Then cleanse the mouth and teeth most thor-
oughly with the brush, toothpick, floss silk, ete., after which
take 10.0 c.cm. again (easily obtained by chewing a quill tooth-
pick or in the manner described on page 40), add 0.5 gr. starch
as before, and place also in the incubator. The first mixture not
only shows signs of fermentation sooner than the second, but
also forms much more acid in a given time. That different

223
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kinds of foods and Inxuries play vastly different roles in the
fermentations of the human mouth must be apparent to every
one from the table j_l,‘i".'t'll on pages Eﬂﬁ, 209.

The substances which give rise to fermentation in the mouth
:111‘HI|I]1:H]51‘1| h‘\' the lh'\'v]n]mlvllt of acid, ]lt‘]litlg almost without
exception to the group of the earbohydrates. The general
opinion that putrefying meat gives rise to produets which attack
the teeth is, I repeat it, entirely unfounded and erroneons.  The
products of a putrefving mixture of saliva and meat (whether
cooked or raw) are always alkaline, and when meat has remained
for =ome time between the teeth 1t may even act as a preventive
to decay in so far as it tends to nentralize the acids produced
by the fermentations of carbohydrates. The latter, however,
are, a2 a rule, unless the albnminous substances preponderate to
a great degree, more than suflficient to satisty the basie produets
of the albuminous fermentation (putrefaction), so that in case of
mixed diet the reaction will still be acid, not so strongly, how-
ever, as in purely amylaceous diet.

Most authors give sugar the chief place among those foods
which exert an injurious action upon the teeth—again a coneep-
tion which is not quite right. It i= troe that the constant breath-
ing in of sngar-dust exerts a very destrnetive effeet upon the
front teeth in particular, known as sugar-decay (Zuckercaries).
In general, however, the chiet role in the production of decay is
performed by bread, potatoes, ete., not only because they produce
more acid, but beeanse they, on account of their insolubility,
may remain for a long time =ticking to or between the teeth,
whereas the readily soluble sugar is soon diluted or carried
away. In my opinion, sugar can equal bread in its destructive
action upon the teeth only when it is consumed as an ingre-
dient ot sticky, insoluble substances.

Naturally, we cannot think of making the attempt to banish
the carbohydrates from the list of the foods and luxuries of
eivilized races; but we may accomplish a Zreat deal for the
teetlr it we prevent the constant and unnecessary consumption
of sweets, ete., indulged in by many voung and not a few adult
persons.
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Tae Use oF ANTISEPTICS IN THE ProPHYLACTIC TREATMENT OF
DEcay.

~ When at the beginning of the present decade, throngh the
most exact methods of baeteriologieal investigation now in use,
the true (parasitic) cause of one disease after another was brought
to light, we had many reasons to hope that the helpless pozition
of medicine in the presence of the severest infectious diseases
was soon to be changed, As yet, however, our expectations
have not been realized. With the exception of the still some-
what doubtful trinvmphs of Pasteur over anthrax and hyvdro-
phobia, very little advantage whatever has resulted to therapeu-
ties from the eminent bacteriological discoveries of the last ten
vears. Consumption, cholera, tvphus, diphtheria, syphilis, have
not become less terrible through the discovery of the specific
micro-organisms of these disorders.

Diseases which come under the treatment of the dentist form
no exception to this statement. The fact that deeay of the teeth
is of parasitic origin having been onee established, the thought sug-
gests itself that we ought to be able by means of properly chosen
antiseptic materials not only to arrest decay, but to prevent its
appearance. This iz, indeed, the avowed object of the very
many antiseptic mouth-washes now in the market. As a matter
of fact, however, there iz no evidence that anything whatever
has as yet been "u*:'mullllshml in the prophylactic treatment of
the teeth through the use of antiseptic mouth-washes, and it is
evident that anyone who would dizcover some means by which
the often fatal ravages caused by decay of the teeth might be
held in check would thereby confer a great boon on humanity.,

It would, however, be going too far if we were to adopt the
views of those who have expressed the opinion that by proper
care of the teeth and constant use of antiseptic washes from
childhood on, decay would be entirely banished from the human
mouth, :

This view is too optimistie for various reasons : chiefly beeanse
there are places in every denture which will remain completely
untouched even by the most thorough application of’ the anti-
geptie, or the antizeptic will reach them in so diluted a con-
dition that it possesses little or no action. If a very thorough
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mechanical cleansing has not preceded the antiseptie, its action
upon the centers of decay will be equal to little more than zero.

A great difficulty lies further, in the fact that nearly all mate-
rials which possess antiseptic action are either contraindicated
altogether in the mouth, or that they may be used only in very
dilute solutions, either becanse they are injurions to the general
health, or loeally to the mucous membrane or to the teeth them-
selves,  Finally, many otherwise useful antiseptics are excluded
hecanse of their bad taste and smell.

For these reasons the preparation of a mouth-wash which pos-
sesses an antiseptic action of any importance is accompanied by
the greatest difficnlties.

Determinations of' the antiseptic power of different materials
have been made in great number. Some of them which refer
especially to those materials which are made use of in the human
mouth may find place here.

Koch ® found for anthrax bacilli the following numbers :

Evident retardation Complete prevention
of the development of the development
was produced by a concentration of

Sublimate 1 : 1000000 1 : 200000
Thymol 1 : 30000 e
0il of turpentine 1 : 75000 —_
0il of peppermint 1: 83000 .
Chromic acid . = : i 1 : 10000 1 : 5000
il of cloves . 2 1 : hOOOD ——
Iodine . : ; 1 : 5000 —
Salicylie acid 1: 3300 1: 1500
0il of eucalyptus 1: 2500 —_-
Hydrochloric acid 1: 2500 1: 1700
Camphor . - 1: 2500 —_
Benzoic acid - - ) 1 : 2000 —
Permanganate of potash . - 1: 1400 —_—
Carhbolic acid 1: 1250 1 : 850
Borie acid ! 1:1250 1: 800
Chinin . ! ; 1: 830 1:825
Benzoate of sodium 1: 200 ——
Aleohol 1: 100 1:25
-Table-zalt 1: 64 —

According to Miquel, the development of bacteria in bouillon
is prevented by the following antiseptics in the given concentra-
tion :
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Mercurous oxide . - 1 : 40000 | Carbolic acid . : : 1:313
Peroxide of hydrogen 1: 20000 Permanganate of potash . 1:286
Bichloride of mercury 1: 14300 Arsenious acid . E e 1:270
Nitrate of silver : T 1: 12500 | Boric acid . - g . 1:130
Iodine . 1: 4000 | Borax . . x E g 1:14
Salieylic acid : . 1:1000 | Alechol : : : : 1:10.5
Mineralacids . 1:5600to1: 333

In the Deutsehe medicinische Wochenschrift for 1884 T gave in
the form of a table the resultz of a series of experiments which
I undertook for the purpose of determining the action of a
number of antiseptics upon the bacteria of the human mouth.
This table, to which a number of materials have recently been

added, follows here:
Development of

Antiseptics. Bacteria prevented by
Bichloride of mercury . : . - . 1 ¢ 100D
Nitrate of silver - - : - : : : 1 : 50000
Peroxide of hydrogen : : g : : - 1: 8000
Todine : & 3 . : 1 : GO0
Iodoform . : : : : ; : ; : 1: 5000
Naphthaline : - 5 : : : x - 1: 4000
Salicylic acid . : - : : 2 : * 1: 2000
Benzoic acid ¢ - : 1: 1500
Permanganate of potash 1: 1000
Oil of euealyptus Z 1: 800
Carbolie acid 1: 500
Hydrochlorie acid 1: 500
Biborate of sodium . : : : 1: 350
Arsenious acid 1: 250
Chloride of zine : : L : 250
Lactic acid g : : 4 : : : 1:125
Carhbonate of sodinm . 5 : - : : 1: 10D
Listerine . : : e i : = 1:20
Absolute alechal 1:10
Chlorate of potazh 1:8

It is evident that it would not do to tax the value of these
materials for therapeutic purposes exactly according to the above
numbers. Whoever, for example, would consider bichloride of
mercury, particularly for dental purposes, two hundred times
as active as carbolic acid would make a great mistake, since the
former can as a rule be applied only in dilute solutions, whereas
the latter may nsually be made use of in concentrated form.

In connection with the antiseptic materials used in the human
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mouth, the question of their adaptability demands particular
consideration ; and in regard to thiz point I have examined a
number of the materials used in the treatment of the human mouth
in the same form and concentration as they may be made use of
in the form of' a mouth-wash. Usually in rinzing the mouth the
solution remains from a few =econds to at most a minute in con-
nection with the muecous membrane and the teeth: and we need
accordingly for the purpose of sterilizing the oral cavity a ma-
terial which in the adapted conecentration i= able to devitalize
bacteria inside of a minute, How far this is accomplished by
the means at our command may be seen from the following
table :

Antizoptic. Concentra- Time necessary
tion. for devitalization.
*Zalicylic acid 1:100 } minute
*Benzoic acid 1: 100 L
Listerine —_— 1 to § minute.
Salieylic acid 1: 200 i “
Bichloride of mercury 1: 2500 dtod
Benzoie acid 1: 200 1 to 2 minutes
Borobenzoic acid 1:175 l1to2 o
Thymol 1: 1500 2t04
Bichloride of mercury 1: 5000 2t08 U
Peroxide of hydrogen 10 per cent. 10 to 15 ¢
Carbolic acid : - : . 1:100 10to 15 «
Oil of peppermint in agreeable strength —— S5to 10 &
Permanganate of potash . : . 1:4000 more than 15 minutes
Borie acid . : : : : . 1:40 L L T
0il of wintergreen . : : . — kL FE SRR L
Tinecture of cinchona . 1:18 L i [
Lime-water - : ; : . — no action,

The above experiments were made in the following manner :

A determined quantity of a pure culture of a ferment bacte-
rinm of the mouth iz brought into 0.5 ¢.cm. of the antiseptic to
be tested, and then in determined intervals single drops of this
mixture are brought into test tubes containing 5 c.em. of a
nutritive zolution. If a development of bacteria does not take
place in any tube or tubes, it may be taken as an indication that
the bacteria were devitalized in the corregsponding time.

# Salicylie and benzoic acids may be applied in this concentration only on the
brush.

P R
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Control experiments were naturally made at the same time.
A number of tests which I made with a coceus found in a case
of mycosis tonsillariz benigna led to the same result,

It appears from the above experiments that only few of these
substances are serviceable for the purpose of cleansing the
mouth. The bichloride of mercury is the most active, not only
becanse it has the highest antiseptic power, but becanse its action
continues for a longer time. FEven after the =olution has been
removed from the month, traces remaining retain their anti-
septie action, even when they have been diluted from one to two
hundred times by the fluids of the mouth. None of the other
materials possess this property in =0 high a degree. Further-
more, sublimate appears to penetrate particles of food, deposits,
ete., more rapidly than the other materials given. [ have satis-
fied myselt by many experiments that it i= possible, after a com-
plete mechanical cleansing of the mouth, to obtain by means of
sublimate (1-2500) an almost perfect sterilization of the mouth.
Unfortunately, the application of the bichloride of mercury is
limited, on account of its very poisonous properties.

As for salicylic acid, many are of the opinion that it attacks
the teeth (decalcifies them), and that it consequently should
never be used in the mouth. On the other hand, others deny
this action. I myself have seen it used for years withont any
evil consequences, and do not fear to use it now and then in the
strength of 1-200 or 1-300.

In all diseases of the human mouth in which antisepties are
indicated, particularly in acute infeetions dizeases, salieylic acid
may be used for a short time without any danger to the teeth.
For continual use perhaps the milder, though somewhat weaker,
benzoic acid in the concentration of 1-200 is preferable, unless
it should turn out that this also may have an injurious effect
upon the teeth.

Listerine has proved to be a very useful and active antiseptic.
This is a preparation of Lambert & Co., in St. Louis, consisting
of oil of eucalyptus, borobenzoic acid, wintergreen oil, ete. ; it
owes its antiseptic property probably more to the horobenzoic
acid than to the oil of eucalyptus. It is to be applied on the
brush in cleansing the teeth, or slightly diluted as a mouth-wash.
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For cleansing root-canals, cavities, ete., the more powerful anti-
septics are of course preferable.

Wintergreen oil and similar avomatic substances, which usu-
ally form an important constituent of mouth-washes, have as far
as I have examined them, in an adaptable concentration, very
little antiseptic action, unless the oil of peppermint is an excep-
tion. This possesses considerable antiseptic action, and is conse-
quently as a constituent of mounth-washes to be preferred to the
other ethereal oils.  According to Black,™ however, oil of cassia,
oil of cinnamon, and oil of cloves have a much higher antiseptic
action than the oil of peppermint. The results obtained by
Black, in =o far as they refer to the oil of cloves and oil of pep-
permint, are in direct contradiction to those obtained by Koch,
who found that the oil of peppermint has an action nearly seven
times as strong as that of the oil of cloves, This difference is
no doubt to be accounted for in the difference of the bacteria
experimented upon.

If we compare the two tables last given, we find some appa-
rent contradictions. For example, listerine, which is, accord-
ing to one table, forty times weaker than a 10 per cent. solution
of the peroxide of hydrogen, devitalizes bacteria much more
quickly than the latter. I am able to explain this remarkable
difference only on the supposition that the rapidity with which
an antiseptic acts need by no means be proportional to its
strength. We must furthermore distinguish clearly between
those substances which only prevent development, as indicated in
the first three tables, and those which devitalize, as indicated in
the last table. It is possible that an agent may prevent the
development of bacteria in very dilute solutions, and yet not
devitalize them even in more coneentrated condition.

In the third place, it may be readily conceived that a highly dif-
fusible substance may penetrate the cell-membrane more quickly
and therefore act more rapidly than a less diffusible one, even
though the latter may retard or prevent development in a much
more dilute condition.

Recently I have tested salol, aseptine, and the acetate of alu-
minium in a similar manner. Balol is a very agreeable antiseptic,
but in my experiments it showed very little action.
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Aseptine compared with thymol, sublimate, carbolic acid, ete.,
is a very weak antiseptie, but it has the advantage that it may
be applied in concentrated solutions. Acetate of alumininum
is an old medicament still adhered to by many physicians; it
eombines considerable antizeptic power with a strong astringent
action. The strongest solution which may be used in the human
month had in some cazes a marked action, but on the whole not
strong enough to encourage me in its use.

I finally made a series of experiments with various mixtures,
my aim being to combine a number of antiseptics in such a
manner as to produce the greatest possible antiseptic action with
the least possible aetion upon the mucous membrane and the
teeth, ete,

My experiments were made on the following mixtures:

(1) Water . : . . 50.00 (4) Water . - : : 50,00
Aleohol ! - - 5.00 Alcohol - - - 5.00
Tinct. eucalypt. . : 0.75 Tinct. eucalypt. . . 0.756
Benzoic acid - : 0.15 Benzoie acid - . 0.15
Thymol . a : 0.0125 Thymol ; : - 0.0125

Bichloride of mercury . 0.025

(2) Listerine . - ; 25.5

Water . . : ; 25.0 (5) Water . - : ; 25.00
! Aseptin - - - 25.00

(3) Aseptin I . 25.00 Salel . - ; : 5.00
Water . 3 ; . 2500 I Aleohol Sy : 5.00
Aleohol : : 2 5.00 | Acetate of aluminium . 1.50
Tinct. eucalypt. . : 0.76 | Benzoic acid - - 0.15
Benzoicaeid . . 015 | Thymel . . . 00126
Thymol . . .  00125| Tinct.eucalypt. . . 075

These mixtures are not mouth-washes, but they might serve as
bases for mouth-washes, as indicated below,

The aleohol was added only as a solvent, not because of its
antiseptic powers.

As a mouth-wash, we need above all a solution which aects
quickly, and which does not simply prevent the development of
micro-organisms while it is acting, but which devitalizes them.

There are agents which, even in very dilute form, it applied
constantly have a powerful antiseptic action, inasmuch as they
prevent the development of such micro-organisms as may be
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present without, however, devitalizing them ; such agents are of
no more valne as antiseptics in the treatment of the oral eavity
than an equal amount of’ distilled water. It is seldom that any-
one in rinsing hiz mouth will retain the wash longer than one
minute, and an antiseptic mouth-wash, to be efficient, should be
able to devitalize the miecro-organisms with which it comes in
contact within this short time.

Solution No. 4 accomplishes this for nearly, if not for all,
micro-organisims in the vegetative form. A solution which de-
vitalizes spores in one minute iz out of the guestion, and, in faet,
i not at all necessary, since the conditions which lead to the
tormation of spores do not exist in the mouth, where we find
almost excluzively the vegetative forms.

This zolution (No. 4) has a decided action in one-fourth to one-
halt of a minute: in one minute the sterilization is nearly or
quite rnl!]]l]t'h'.

Next to this eame the solutions Nos. 5, 3, and 1, in ¢lose order ;
the addition of aseptin and acetate of alumininm, both of which,
but particularly the former, are antiseptics of considerable
strength, did not produce the hoped-for inerease in the action of
the solution.  The addition of salol had, as I anticipated, no effect
whatever, These solutions produced a decided diminution in
the number of colonies in half a minute; a complete steriliza-
tion usually required two minutes, sometimes even longer.

Nearly as strong as these solutions was a 50 per cent. solution
of hsterine, which also has the advantage of a very agreeable
taste and odor.

Now, it very often happens that the centers of decay about the
teeth are filled with particles of food, and we do not in such
cases have liquids to sterilize, but solid substances impregnated
with micro-organisms; what eftect can we produce upon these
by the action of the solutions given above ?

To determine this question, a second series of experiments
was made in the following manner:

Small porous bodies (bread, meat, paper, ete.), of as nearly the
same size as possible, were saturated with bouillon containing
certain micro-organisms, or with stale saliva, then subjected to
the action of the antiseptic solutions during a specified length
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of time, after which they were brought into eulture-gelatine and
the number of colonies which developed determined. The
stronger the antiseptic and the longer the time of exposure, the
less will be the number of colonies which develop in the cultuce
tube. As control, the experiment was repeated, using sterilized
water instead of an antizeptie solution.

To avoid transferring too much of the antiseptic to the culture
tube, each piece was placed for an instant on sterilized blotting-
paper, to remove the excess of liquid. I give the results of one
of these experiments below. In this solution No. 4 was made
use of, and small pieces of bread charged with bacteria subjected
to the action of the solution 20, 35, 55, 70, 90, and 120 seconds
respectively, The control tube developed 4500 colonies

Tube 1 (20 seconds action) developed 420 eolonies.

g2 (30 -8 L £ 46 5

b 3 (55 ik e ) he 25{} 13

i 4 {T{} 3 i ) k 12 “
L S 1 colony.
L A ) “ ) remained sterile.

It may appear strange that tube 3 should develop more colonies
than tube 2, but such irregularities often oceur, owing to the
tact that it 1s not possible to obtain pieces of bread or meat of
exactly the same size and consistency. The result of the experi-
ment is, however, very clear., When large compact pieces were
used (as large as a pea, for example), such as may sometimes be
found in cavities of decay, it required as much as ten to fifteen
minutes to effect a complete sterilization. The lesson is plain.
Even such a powerful wash as the one under consideration will
accomplish but little in sterilizing the human mouth when the
centers of decay are stufted full of food. This is also the reason
why excessive smoking, notwithstanding the fact that tobaceco-
smoke is a powerful antizeptic, does not insure the teeth against
decay ; the smoke passes over the surface, but does not penetrate
to the point of action. It follows that the use of the mouth-
wash should always be preceded by the thorough use of the
brush or toothpick, removing at least all larger particles of food
and opening the spaces between the teeth, so that the wash may
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penetrate to the vulnerable point. If this is conscientiously
done, T think that we have in solution No. 4, and, in a less
degree, in the other solutions specified, a powerful means of
preventing the excessive ravages of decay. The solutions 1 and
4 may be made use of in the following form:

No. 1. Thymeol : . : ; : . 0.25 grams.
Benzoie acid : . ; ; 1
Tincture of cucalyptus : : M [ L1
Aleohol . * . . . 100.00 G
0il of wintergreen : - : . 25 drops
(or oil of peppermint . . : i 2 )

In use, enongh of this mixture is added to a mouthful of
water to produce a decided cloudiness,

The wash, no doubt, may be rendered softer and more palat-
able by the addition of glyeerine, tincture of eatechu, or some-
thing of the kind. Perhaps some one who is interested in
mouth-washes will kindly undertake the task.

No. 4 iz prepared in the same way, with the addition of 0.8
bichloride of mercury :

Acid. thymie. . : \ : . 025
Acid. benzoie. . : . . . 5.00
Hydrarg. bichlorid. . - 3 . 0.80
Tinct. enealypt. . : : : . 15.00
Alecohol absolut. . : . : 100.00
Ol. gaultherie . - - : rtt, xxv.

One naturally hesitates to prescribe a mouth-wash which con-
tains bichloride of mercury, but I think a more thorough con-
sideration of the question will show that it is not so reprehensible
an act as may at first appear.

The strength in which the bichloride is used in the mouth is
about 5 ly;. Let us suppose that the patient swallows of the
solution two grams daily (as a matter of fact, one need not
swallow any at all); it would require one hundred days to have
swallowed 0.1 gram of the salt, which is the maximum dose for
one day. In this matter, however, reasoning is of little value;
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nowhere is the saying in medicine, experience is of greater value
than reasoning, truer than in questions dealing with the physi-
ological action of the salts of mercury. I, myself, have made
extensive use of the above formula without a trace of any physio-
logical or toxicological action, and if a sufficient number of
members of the profession would make a trial of this solution
upon themselves, and report the results, a great deal would be
done toward solving the question of the advisability of recom-
mending the wash in practice,

The taste of the bichloride is exceedingly disagreeable, even
in dilute solutions; it may to a certain extent be disguised by
the use of rose-water in place of aqua destillata as a solvent, as
suggested by Allan,

Unfortunately, our pharmacopeeia is not yet so rich that the
physician or dentist can restrict himself to the use of good-tast-
ing medicaments,

I have been informed by some who have used the bichloride
as a mouth-wash that whereas it has most excellent effect in all
suppurative diseases of the gums, it discolors the teeth. This
of course would be a serious disadvantage if it should prove
to be true. All the discoloration I have ever observed could
be readily removed with brush and powder.

On the whole, however, the fear of a possible toxic effect from
the bichloride, which, in consideration of the fact that certain
individuals are extremely sensitive to the action of this drug, we
ghall scarcely be able to escape from, will probably prevent its
ever being extensively introduced except for oceasional use in
acute infections and putrid conditions of the mouth. I per-
sonally have never prescribed it for prolonged use, except for a
few friends who were in a position to control its action. From
such the only complaint I have heard has been of its bad taste.

Witzel is enthusiastic in his praize of sublimate in the treat-
ment of putrid and septic conditions of the mouth. *A few
drops of a 2 per cent. ethereal solution of sublimate in a glass
of water suffice to remove for a short time the most offensive
smell from the mouth.” ¢ Syringing the alveoli with sublimate
1-1000 followed by the injection of six to eight drops of a 2 per
cent. solution into the septic parts . . . . as most sover-
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eign medicament in case of septic alveolitis.”  In septiec wounds
following extractions, syringing with sublimate 1-1000 twice a
day was continued for eight days with most beneficial results,
eTe.

[n the last few vears a large number of different materials
have been recommended as disinfectants for the mouth. The
most of them, however, have been as yet too little tested to
enable us to give an estimation of their value,

Vion Kaczorows=ki™ recommends iodine-chloride of sodinm
solution (Natrinm chloratum 1 per cent., Tr. Todi 0.5 per cent.),
one-halt to a whole teaspoontul every quarter to half hour.

Truman praizes hydronaphthol, which he finds as efficient as
it 18 harmless.

Black ™ recommends a mixture of carbolic acid 1, o1l of winter-
green 2, oil of sassafras 3. Others recommend iodol, zozoiodol,
betanaphthol, sanitas oil, ete.

Witzel ¥ recommends his so-called 20 per eent. solution of sub-
limate, for root-treatments, which, however, is said to discolor the
teeth.  Personally I use a 1 to 5 per cent. solution for the same
purpose, and a } to 1 per cent. solution for syringing abscesses or
suppurating wounds after extraction, and for the latter purposes
in particular find it decidedly superior to either 2 per eent. carbolie
acid or 5 per cent. peroxide of hydrogen.

Busch ™ has obtained most beneficial results from the use of
peroxide of hydrogen, particularly in putrid and septic condi-
tions of the gnms, and is of the opinion that no other antiseptic
at present in us=e is to be compared with this. He adds a sufli-
cient quantity of the so-called 10 per cent. solution to water to
produce about a 2 to 3 per cent. solution for rinsing the mouth.

Harlan has also enriched the dental materia medica with a
considerable number of new antizeptics.

[ lay no particular value on tooth-powder as a means of clean-
ing the teeth, It is true that the external surfaces, particunlarly
of the front teeth, may be kept whiter by the use of tooth-pow-
der, but the centers of decay are more liable to become stopped
up than to be cleansed by tooth-powder, particularly when they
contain insoluble constituents.

Somewhat more recommendable T find the tooth-zoaps, in so
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far as they dissolve fatty substances without attacking the teeth,
and, furthermore, possibly make the penetration of the bristles
of the tooth-brush into the center of decay somewhat more easy.
They should be made of neutral soap, and have a neutral or
slight alkaline reaction. Under all conditions, however, the
chief thing is the thorough mechanieal cleansing of the teeth,

THE ANTISEPTIC ACTION OF FILLING-MATERIALS.

It will scarcely be questioned by anvone acquainted with the
nature of those diseases of the teeth which we treat by filling,
that in a great many cases, if not in all, the probability of suc-
cess would be greatly heightened if the filling-material could be
made to exert a permanent antiseptie action nupon the walls and
margin of the cavity. This iz more particularly trne of all cases
where, for some reason or other, carious dentine is left in the
cavity at the time of filling; and such eases conztantly oceur in
every dental practice. There are, I hope, very few practitioners
in dentistry who place so high an estimate upon their own skill
and thoroughness, or so far overlook the imperfection in the
structure of the dentine, as to imagine that they excavate every
cavity perfectly. Many even prefer leaving a thin layer of =oft-
ened dentine in the cavity to removing it, it the pulp would
thereby be exposed. Others, no doubt, for very humane reasons,
sometimes excavate less thoroughly than they otherwise would
do, in order to spare their patient the excessive pain accompany-
ing the operation, or beeause the patient cannot or will not bear
the pain. Most of us, for the sake of our backs, toward the end
of a hard day’s work, now and then decide that a difficult cavity
is ready to fill when a eareful examination of it might still reveal
goft points. It is not necessary, however, to enumerate other
cases in which the preparation of the cavity is not quite fault-
less; most readers will no doubt be able to suggest many more.

Now, it may appear remarkable that, while so much attention
has of late years been bestowed upon the antiseptic treatment of
root-canals and the employvment of antiseptic materials for fill-
ing them, very little attention has been given to the subject of
the antiseptic materials for filling cavities of deeay: iodoform
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cement being, as far as I know, the only material which was
introduced with this object in view. That it does not accom-
plish its object will, T think, be apparent from the experiments
recorded below.

MEerHODS.—1.

Various methods may be employed for determining the anti-
septie action of filling-materials. The two which I have made
use of are exceedingly simple, and at the same time very instruc-
tive. In applying the first of these methods we proceed as fol-
lows : A tube of ordinary nutritive gelatine is infected with a bae-
terium from the oral cavity, which grows rapidly at room tem-
perature without liquefving the gelatine. The gelatine is then
melted, slightly shaken, so as to distribute the fungi equally
throughout the solution, and poured upon a horizontal sterilized
olass plate, upon which we drop pieces of the filling-material or
other substances whose antiseptic action we wish to determine.
As soon as the gelatine becomes stiff we place the plate in a
damp chamber. A plate prepared in this way, without the addi-
tion of any material having an antiseptic action, will become
cloudy and opaque in the course of twenty-four to forty-eight
hours, through the development of innumerable colonies of bae-
teria.  If, however, the pieces of filling-materials which we have
dropped upon the plate possess an antiseptic action, the devel-
opment of the fungi in their neighborhood will be retarded or
altogether prevented, and each piece will appear surrounded by
an area of transparent gelatine whose size will depend upon the
activity of the antiseptic employed. Most of the filling-materials
in use were tested by this method in respect to the antiseptie
action, with the result that the only one which possesses such
action and retains it for an indefinite time after it has been in-
serted is copper amalgam.* Not only freshly-mixed fillings, but
pieces of old, half-worn-out fillings, taken from teeth extracted
in the polyelinie of the Dental Institute, and even pieces of den-
tine trom teeth whieh had been filled with copper amalgam, in-

* Regarding an unexpected antiseptic action of certain preparations of gold
which might appear to furnish an exception to this rule, see the experiments
described below.
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variably manifested a retarding or preventing action upon the
growth of bacteria, (Fig. 106.)

These results accord exactly with those which I obtained by en-
tirely different methods in 1884 (Iudependent Practitivier, June),
and which have been called in question by Bogue and others.

Of course it must not be inferred from these remarks that a
little piece of copper amalgam dropped into a liter of’ bouillon
will keep it from spoiling. Nor would an experiment of this
nature be a just test of the antiseptic action of a material used
in filling.

CA¥ INOCULATED GELATINE PLATE containing: «, picces of oxyvphosphate cement one day
old ; &, pieces of gold amalgam one day old : », pieces of an old copper amalgam filling, nge
unknown;: o, pieces of stained dentine from a tooth which had been filled many years pre-
viously with eopper amalgam.

If the filling prevents the progress of decay in softened den-
tine under it or in immediate contact with it, and if it retards
the progress of fermentation in fine spaces (leakages) between it
and the marginal wall, then it is doing a great deal toward pre-
venting the recurrence of caries, which another filling not pos-
sessing antiseptic properties would not do.

That so much is accomplished by copper amalgam, I am, I
believe, justified in concluding from the experiments enumerated
above, and more particularly from those made under the second
method and deseribed below. It iz a view, moreover, pretiy
generally accepted by all operators who have had opportunity
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of observing the action of copper amalgam fillings, that they do
possess a preserving action upon tooth-substance. I, along with
most others, formerly accounted for this action upon the sup-
position that copper amalgam does not shrink while setting. I
meet almost daily with amalgam fillings, not containing copper,
which admit of the point of an execavator being inserted between
the filling and the margin of the eavity, whereas copper amal-
gam fillings appear to hug the walls of the cavity perfectly.

Fia. 107.

AN INOCULATED GELATIXE PLATE containing pieces of freshly-mixed cement. «a, oxyehlo-
ride; &, oxyphosphate. A very marked hindrance in the development of the basteria iz noted
around the preces of oxychloride : around the pieces of oxyphosphate it 15 scarcely percep-
tible. Plate twenty-four hours old.

Elliott,* however, found by a very extended series of experiments
that copper amalgams do contract, and some of them to a sur-
prising degree.  Elliott’s results are corroborated by the evidence
of J. Boyd Wallig,+ who claims that the slight eontraction is a
distinet advantage in the case of soft and sensitive teeth, because
of the more speedy formation of the oxide or sulphide, which,
being absorbed by the surrounding dentine, protects it from
further progress of decay. * Pulps dying under copper amalgam

# Transactions of the Odontological Society of Great Britain, December, 1888.
t Dental Record, February, 1889,
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g to their becoming

fillings do not =0 readily decompose, owin
charged with antiseptic enprie salts.”
Other materials experimented with by the first method were
gold amalgam, oxyehloride of zine (agate cement), oxyvphosphate
of zine (Caulk’s eement), gutta-percha, gold, tin, and tin-gold.
Gold amalgam, freshly mixed, caused a slight retardation in the
development of bacteria ; old pieces had no eftect. Oxyehloride
of zine, fresh, had a very marked action. (See Fig. 107.) Pieces
which had lain twenty-four hours in =aliva and bread lost their
antiseptic power. Oxyphosphate of zine, fresh, had a =light, in-

ISOCULATED GELATINE PLATE containing Pack’s polleis and Abbey’s foil No. 4, fulded to
make strips of No. 32 a, b, ¢, d, annealed : ¢, 7, g, unannealed. The latier have retarded the
growth of the bacteria in their neighborhood, as is ehown by the gelatine remaining clear. Plate
twenty-four hours old.

constant action (Fig. 107), sometimes none at all. After twenty-
four hours’ exposure in a mixture of saliva and bread, it showed
no action whatever; gutta-percha and tin proved completely in-
active.

The results obtained with gold were very peculiar and perplex-
ing. Some preparations of gold manifest a decided restraining
effect nupon the development of bacteria, so that if a pellet is
dropped upon the plate it will after twenty-four to forty-cight
hours appear surrounded by a perfectly round circle of trans-
parent gelatine, separated from the clouded gelatine by a sharp

16
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border. Within this zone the bacteria develop very slowly, so
that the clondiness appears much later than on other parts of the
plate. The antiseptic action of Pack’s pellets was particularly
marked. Plugs of the unannealed pellets made in holes bored
in wood showed considerable action, even after they had lain for
fortyv-cight to seventy-two hours in a mixture of saliva and bread.
Also Abbey’s =oft foil and quarter-century foil showed similar
action, but in a somewhat less degree. Other preparations
showed varied effects; some were almost or guite indifferent.
The antiseptic action was completely destroyed by annealing the gold
beforehand (Fig. 108). Some preparations of sponge gold and
platinum gold acted in a similar manner, and even old gold fill-
ings now and then showed considerable antiseptic action.

I shall not attempt to give any explanation for these facts now.
Different explanations suggest themselves, none, however, with
which I have been quite satistied. Nor will I at present en-
deavor to answer the question whether the action is strong
enough to be entitled to any consideration as a saving property
of unannealed gold. I am inclined to think that it wounld be
rather venturesome to assert that it is.

Tin-gold was less active than gold alone,

I applied thizs method of testing the antizeptic property of
filling-materials to a few other substances ; among them to iodo-
form, which did not have the slightest action in checking the
growth of the micro-organisms tested.

IT.

[n order to make a direct test of the action of fillings upon
carious dentine or upon the micro-organisms contained in it, we
proceed as follows : A number of freshly-extracted teeth which
are extensively decayed, not, however, =0 as to expose the pulp,
are cleansed of the remains of food, and only partially excavated,
s0 as to leave a thick layer of carious dentine in each cavity.

The cavities are then filled with various substances whose
antisepiic action we wish to test, and the teeth placed in a mix-
ture of saliva and bread and kept for three days at a tempera-
ture of 30° C. to 40° C. At the end of this time they are taken
out, washed in pure water, placed for a moment in sublimate
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1-1000, then in a larger gquantity of sterilized water to remove
the sublimate, atter which they are dried with sterilized bibulous
paper. We then take the teeth by the root or roots, rest the
gide of the crown upon a small anvil, and strike a sharp blow
upon it with a hammer. The filling flies out, exposing the un-
tonched surtace of cariouz dentine. We now with a sterilized
spoon-shaped excavator remove a small piece of the carious den-
tine and place it upon a previously prepared plate of sterile
nutritive agar-agar. The plate is then put away in a moist

Fia. 109,

e e s S 1 W .

* &

—_

A STERILE AGAR-AGARE PLATE, containing in the left half pieces of dentine from a cavity
which had been filled with copper amalgam, in the right half picces from a cavity which had
been filled with gold amalgam. The former have remained sterile, whereas an extensive
growth of bacteria has taken place around the latter. Plate three days old.

chamber at or near the temperature of the human body. If now
the bacteria in the carious dentine have been killed by the action
of the filling-material, or if the dentine has been so acted upon
by the material as itself to become antiseptic, no growth will
dﬂ‘r'e]{}p-ul‘mmd it ; otherwise we will find in the course of forty-
eight to sixty hours that the piece of dentine becomes surrounded
by a growth of varying extent.

In examining the plates, a low power of the microscope
ghould be used in cases where a growth is not visible to the
naked eye. Furthermore, a slight cloudiness or precipitate
which sometimes forms around pieces impregnated with copper
salts must not be mistaken for micro-organisms; and lastly, a
development of bud-fungi (yeast-fungi, Saccharomycetes), or
mould-fungi (Hyphomyecetes), which is very frequently observed,
must not be mistaken for bacteria (Schizomycetes).
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The following materialz were examined by this method :

1. Copper amalgam (Lippoldt’s). Fifteen teeth were treated
as described, and the carious dentine examined by calture. In
not a single case did a development of bacteria take place.
They had either been devitalized or the dentine itself had be-
come antiseptic. In two cases bud-fungi developed: in one
case mould-fungi.

2. Gold amalgam, ten teeth. In all cases a development of
bacteria took place around the dentine, to say nothing of bud-
and mould-tungi (Fig. 109).

3. Oxyphosphate, cight teeth. Result same as with gold
amalgam,

4, Oxyehloride of zine, eight teeth.  In seven cases a growth
of bacteria formed, though very much retarded when compared
with the oxyphosphate or gold amalgam. Inone case the picce
remained sterile.

5. lodoform powder mixed with phosphate cement, one tooth.
Development of bacteria unchecked. In another case the floor
of the cavity was covered with powdered iodoform and oxyphos-
phate filled over. Pieces of dentine taken from the cavity after
three days and transferred to the eulture plate were soon sur-
rounded by a growth of bacteria and bud-fungi.

6. Powdered sulphate of copper incorporated with eement or
with gutta-percha, or simply strewn upon the bottom of the
cavity before filling, nine teeth. No trace of bacterial growth
appeared in any case,

From these results we are foreed to the conclusion that copper
amalgam fillings exert a marked antibacterial influence upon the
walls of the cavities containing them, that oxychloride cements
have an appreciable though markedly less effect, and that oxy-
phosphate and gold amalgam are wanting in any such action.
We learn, furthermore, that by incorporating certain antiseptics
into the mass of the filling or covering the bottom of the cavity
before inserting the filling we may produce an eftect analogous
to that of copper amalgam.

Can any application of these results be made in practice? 1
think so, though I am certainly notin favor of being over-hasty
in drawing conclusions,
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Personally, I have always had much faith in the preservative
properties of copper amalgam fillings, because I have had abun-
dant opportunity to observe the splendid results obtained by its
use even when very little care was taken in its insertion. The
experiments which I have made have naturally =erved to
strengthen my confidence in this material, in consequence of
which I have been using it to some extent in my practice.
At the cervical margin [ often put a layver of copper amalgam,
and then fill the rest of the cavity with some other material.
In eases of complicated caries extending under the gum and very
near the pulp, where phosphate fillings are utterly unreliable,
and even combined with gutta-percha often very unsatistactory,
and where it iz not considered wise to risk a permanent filling
at once, I protect the neck of the tooth by copper amalgam,
allowing a very thin layer to extend over the floor of the cavity
in order to thoroughly sterilize the dentine and keep it sterile.
I then fill the remaining part of the cavity with cement or gutta-
percha, with the intention, in ease all goes well, of replacing it in
some months by a permanent material,

I am inclined to believe that the use of antiseptic materials
may be accompanied by excellent results also for capping ex-
posed pulps, particularly when they are not in a healthy con-
dition, or contain germs of infection, as well as for covering the
floor of the cavity in all cases where the pulp is protected by
but a thin layer of dentine, which is very often more or less
goftened, or even infected with bacteria. For this purpose sul-
phate of copper, incorporated with gutta-percha or with some
soft cement like oxysulphate, would, I am convineed, go far to
effectually sterilize the thin layer of dentine covering the pulp, and
thereby to prevent not only the decomposition of such softened
dentine as may have been left over the pulp, but also the infec-
tion of the latter, which is very often the cause of pulp-troubles
arising under fillings.

The sulphate of copper, however, seriously stains dead teeth
in the course of three days, and would probably act with equal
rapidity upon living teeth, so that its use would be on that ac-
count very much restricted, if not altogether contraindicated.
Dr. Cunningham, of Cambridge, informs me, however, that he
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has been using the sulphate of copper in this manner for some
time, without any discoloration resulting.

Various substances suggest themselves, which, being incor-
porated with eement or gutta-percha, might do good serviee as
antiseptic dressings over diseased pulps or over softened dentine ;
first of all, naturally, the bichloride of mercury. Which of the
many available antizseptics, however, is best adapted to the pur-
pose must be determined by further experiments in the labora-
tory and in practice.

The practice of treating exposed pulps, whether healthy or
diseazed, to a bath of concentrated carbolie acid has been sharply
eriticizedd by varions writers, There are nevertheless many
practitioners in high standing who treat all exposures of the
pulp in this manner, and claim to obtain better results than by
any other method, T will not venture to say that this may not
be =0, because the ill effects of so severely cauterizing the pulp-
tissue may be balaneed by the good effects of thorough antizeptic
treatment.  If we, however, could attain the same object by the
uze of less irritating agents, our probability of suceess would be
much greater.

Further experiments relating to this subjeet are now in pro-
gresz, and will be reported in due time.

THE ACTION OF TOBACCO UPON THE TEETH.

Five grammes of old Virginia plug were boiled fifteen minutes
in 50 e.cm, of water, the loss by evaporation being constantly
replaced ; the decoction was then filtered, and a portion added
to an equal volume of saliva with sugar. This produced a mix-
ture scarcely stronger than that which many veteran chewers
carry around in their mouths all day, and in it the baeteria led
only a miserable existence,

Muech more remarkable, however, was the action of tobaceo-
smoke upon the miero-organisms of the mouth ; the smoke from
the first third or last gquarter of a Colorado Claro cigar being
found amply suflicient to sterilize 10 c.em. of a beef-extraet-
sugar solution, previously richly infected with baeteria from de-
t‘u:l.'l."l] dentine,
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The apparatus used for this experiment (Fig. 110) explains
itself. A current of water passing through the part B in the
direction of the % produces a eurrent of air through the part
A, in the direction of the ~, which draws the smoke from a
lighted cigar through the =olu-
tion. The rate at which the Fie. 110.
cigar smokes may be regulated
at will by the cock of the hy- i
drant. The results of my ex- A
periments, which I published
in 1884, have been completely
confirmed by an extended series |
of experiments by Tassinari.'? :

In consideration of the strong I
antiseptic power of tobacco- L %
smoke, we might be inclined
to infer that tobacco-smokers
should never suffer from decay Hd”
of the teeth; it is evident, how-
ever, that there are many points

= —

in the dental arch, particularly i(
when the teeth are not kept .
scrupulously elean, to which the a, glags exlinder with infected solution ;

b, ¢, glass tubes; o, o, o, rubber tubing ;
¢, cigar (Colorade Claro); f, water air-
pump; A, current of water passing through
E in the direction of the double arrow pro-
THE STERILIZATION OF duces a partial vacuum in the bulb, and
TEETH FOR THE PURPOSE OF consequently a eurrent of air in the direc-
IMPLANTATION. tion of the arrow or through the cigar,
which if lighted will 2moke at a rate de-
termined by the pressure under which the
water is flowing.

smoke never lJ'E'ﬂli.!tl'ﬂTL"H.

It is well known that opera-
tions designated as replantation,
in which a diseased tooth is extracted, cleansed, and returned to
its alveolus again, and transplantation, in which a tooth taken
from one individual is planted into the alveolus of another, which
has been emptied by extraction, have now and then been per-
formed by individual dentists for two and a half centuries.* Since
some few years, a similar but more serious operation is being

-~ e — _ —

* Dupont, Reméde contre le mal des dents, 1633, recommended for toothache
the extraction and replantation of the tooth,
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performed, which consists in making an artificial alveolus at any
point of the dental arch, which may have been toothless for an
indefinite length of time, and consequently contains no alveolus,
and often but little alveolar process, and then implanting the
proper tooth in this artificial alveolus,

For this purpose teeth are often used concerning whose
origin, whether from healthy or diseazed individuals, nothing 1s
known; and it becomes a question of great importance, for the
patient as well as for the operator, whether or not infections dis-
eases may not be communicated in this way.

John Hunter'™ (1786), in whose time the operation of trans-
plantation seems to have begn extensively performed, describes
seven cases in which it was followed by serious disturbances of
an infections nature. Hunter, who combatted the tendency then
existing to aseribe all such disturbances to syphilitic inoculation,
was forced to admit the transmission of syphilis in two out of the
seven cases.  lle also readily admits the possibility of such inoe-
ulations throngh dental operations.

J. €. Lettsom "™ (1786) reports a number of cases which came
under his notice, some of which he pronounced undoubted syph-
ilis. e gives the following deseription of one case resembling
syphilis: Eight weeks after the transplantation of two teeth the
patient has a painful sensation between the roots, followed by
ulceration through the gnms and by soreness of the glands of
the neck and throat. Within three or four days efflorescence of
the skin appears, advancing to an eruption resembling syphilis.
Inflammation and uleeration of the tonsils alzo oceur, together
with fever in the evening and profuse sweats in the morning. The
teeth gradually loosen and almost fall out. Exophthalmiain one
eve. Eight weeks later a similar attack came on. Both attacks
were successfully treated with mercurials.

OFf all cases of transplanting one in tiwenty have this discase, and
one-fourth of these die,

In my judgment, the dentizst who undertakes the above opera-
tion without having previously convineed himself that the tooth
to be implanted is in a perfectly aseptic condition, or most cer-
tainly contains no specific germs, commits a serlous wrong.

But how can we thoroughly sterilize a tooth? We must, in

i—— s v —— e
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the first place, reconcile ourselves to the fact that a complete
sterilization of a suspected tooth with the conservation of the
periosteum is absolutely out of the question. It is not alone
necessary to sterilize the surface of the tooth, but the whole sub-
stance of the tooth: and since under eertain circnmstances the
cement-lacunse, as well as the dentinal tabules, may contain
bacteria, it is not to be supposed for a moment that we can
reach and kill them in these portions without injuring the peri-
ecementum. The transplantation or implantation of a tooth with
living pericementum is therefore practicable only in such cases
where the tooth is taken directly from a living, perfectly healthy
individual, and placed at onee, under antiseptie precautions, into
the alveolus.

In all other cases it is better first to remove the pericementum,
since it must be devitalized in the process of sterilization, and
the dead pericementum can act only as an irritant, and delay
the healing process. For implantation, chiefly old dry teeth
have been made use of, and in such cases the pericementum is
naturally already dead before beginning the disinfection.

The usunal method of disinfection, placing the teeth in dilute
solutions of bichloride of mercury for a few minutes o