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PREFACE.

TiE rapid progress in microscopic dental research during the
last few vears has brought forth so many new and fundamental
facts that a description of these recent findings together with the
resulting new coneeptions of old problems needs no justification.

Previous to the last decade, dental research made use of only
three types of specimens for microscopic studies, namely, extracted
human teeth, animal jaws, and dried human bone specimens. By
means of such material much valuable and fundamental knowl-
edge of a great many subjects in normal and abnormal dental
histology was gained. While a study of dental caries and a study
of the histology and pathologyv of enamel, dentin. and pulp could
be made satisfactorily from ground or decalcified sections of
extracted human teeth, normal or pathological conditions lving
beyond the tooth proper presented an entirely different prob-
lem. Here the study of extracted teeth could not give the desired
information. The older investigators, r -alizing this limitation, took
refuge in the study of animal tissues, and microscopic descriptions
of the hard and soft tissues investing the tooth were obtained largely
from specimens of sheep, dogs, and other animals.  But it remained
an open question as to what extent the periodontal tissues of these
animals compared with the corresponding structures in man. Thus
there was evident the need for a new type of investigation, namely,
the study of human teeth in connection with their imvesting hard
and soft tissues under normal and pathological conditions.

Some problems discussed in this book, such as the histology of
the epithelial attachment and the gingival crevice or the influence
of normal functional conditions upon teeth and surrounding strue-
tures, belong to the field of physiology and biology rather than to
pathology. However, since the pathological changes in the gingival
tissues and in the periodontal membrane cannot be understood
without a thorough knowledge of normal conditions, it was indis-
pensable to enlarge upon the latter before entering into the question
of the former.

The purpose of this book then may be characterized as follows:
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to illustrate by means of human specimens the actual tissue changes
that correspond to certain well-defined, clinical conditions. For
example, a cavity is prepared and a filling is inserted. What tissue
changes can be expected to follow this operation? The radiograph
shows an area of bone destruetion at the root end of a pulpless tooth.
What tissues and cell forms are found in this area? A pulp is re-
moved and the root canal is treated and filled. How will the peri-
apical tissue react to this procedure? A bridge is cemented on
abutments, thereby increasing the occlusal stress exerted upon these
teeth. What will be the immediate and the later changes in the
soft and hard tissues about the roots of the abutments? A tooth is
moved orthodontically. What are the bone changes that make
possible the movement of the tooth and its retention in the desired
position? The author hopes, by introducing the clinical aspect of
these problems instead of merely describing microscopic specimens,
to facilitate the understanding of many elinical manifestations and
practical observations.

The field of dental and oral pathology is so large that it is impos-
sible to treat any particular subject in detail. Some problems have
been well deseribed and illustrated in earlier publications and text-
books. Others are relatively new and unknown to the profession;
this latter group will be considered here more in detail.

The majority of the specimens described in this book has been
taken from man. Animal tissues were used only to illustrate
changes that were produced experimentally. All illustrations,
except the diagrams, are photomicrographs, the author believing
that, for the sake of objectivity, photographic reproductions are
preferable to drawings. Unless otherwise indicated, the specimens
from which the photomicrographs were taken belong to the collec-
tion of the Research Department of the Chicago College of Dental
Surgery, Dental Department of Loyola University.

I wish to thank Dr. W. H. G. Logan for the helpful encourage-
ment he has given this work, and to express my appreciation to
Drs. R. W. Bunting, E. D. Coolidge, and E. B. Fink for the many
valuable suggestions that I received from them and incorporated
into this book. I also wish to express my gratitude to Miss Maurine
Willman, who skilfully prepared all the necessary histological
specimens and assisted in the preparation of the manuscript.

R. K.

Cuicaco, ILL.
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HISTOPATHOLOGY OF THE TEETH.

CHAPTER 1.

HISTOLOGY AND PHYSIOLOGY OF TIHE DENTAL
TISSUES.

NORMAL HISTOLOGY OF PULP AND DENTIN.

Tue dental pulp is a connective tissue organ built up of spindle-
shaped or star-shaped cells of the fibroblast type with protoplasmic
processes running in all directions.  The pulp cells and their proc-
esses form a fine network, the interspaces of which are filled with
a gelatinous ground substance. The cells of the young pulp differ
somewhat from the fibroblasts found elsewhere in the body; they
are usually deseribed as embryvonic cells, as they are of the same
structure as the connective tissue cells of a fetus or the cells of the
umbilical cord.

Arteries, veins, capillary vessels, lymphaties and myelinated
nerves are embedded in the pulp tissue. The vessels and nerves
enter the pulp through the apical foramen and connect the pulp
with the cireulatory and nervous systems of the body.

The outline of the pulp, as a whole, duplicates the general contour
of the tooth. The main vessels and nerves usually lie close together
and run parallel to the long axis of the tooth, splitting into finer
branches as they spread out toward the surface of the pulp (Ifig. 1).
Next to the dentin the bloodvessels and nerves form a delicate
terminal plexus,

The structure of the pulp in the root canal is very similar to that
in the pulp chamber. In a eross-section through the apical portion
of a root canal, the larger vessels, that carry the blood to and from
the pulp, and the main trunks of the pulpal nerves are seen in trans-
verse section embedded in the pulp tissue (Fig. 2).

The bloodvessels of the pulp have very thin walls; this is easily
understoad if we consider the fact that the entive organ iz enclosed
in a rigid capsule of hard substance which prevents any strain

2



1= HISTOLOGY AND PHYSIOLOGY F DENTAL TISSUES

or pressure from reaching the soft tissues. They are embedded in
a fine, fibroblastic network (g, 3).

[istioeytes and undifferentiated mesenchyme cells, both of which
play important riles in the defense reaction of the pulp tissue n

Fig, 1.—Human pulp. Lower molar of a young adult. V., bloodvessel (vein); X,
nerve: O, odontoblasta; D', dentinoid; D), dentin,

case of injury or infection, have recently been studied and demon-
strated in the human pulp (Orban). The presence of these cells
in normal pulp tissue indicates that the pulp is equipped with the
same defense mechanism as the connective tissue in any other part

IFra. 2. —Cross-seetion througzh the root canal of a human E‘il'll.hilil.l near the apex.
A, artery; V, vein; N, nerve bundles; D, dentin,

of the body. Fig. 4 shows a small capillary vessel in a normal
human pulp. The vessel contains eryvthrocytes and coagulated
serum, and in its delicate wall may be seen the large, flat nuelel of
the endothelial cells. Two large cells with elongated nucleir and
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granulated protoplasm arve found in the fibrillar pulp matrix near
the capillary.  These cells are the so-called resting wandering cells,
or histioevtes; according to Maximow they develop from cells which

Fra. 3. —Capillaries and o small nerve in the conneetive tizsue of the prul g,
WV, vesselz containing red blood corpuscles: N, nerve: PO, nueled of pulp eells.

Fia, 4.—High magnification of a eapillary vessel and the surrounding tissue in a
human pulp.  H, resting wandering eells (histioeytes): UM, undifferentiated mesen-
echyvme cell: B, endothelial eell of the capillary: IPC, pulp eell. (Orban, Jour. Am.
Dent. Assn.)

wander through the loose connective tissue over all the body.  The
histioevtes serve both as phagoeyvtes an

il Hhr!‘ii_‘_‘,‘f' ‘f'l“l[.‘-’_ I'II s
of inflammmation they develop into amaeboid phagoeytes, and wander
to the place of irritation where they engulf and carry away bacteria
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and tissue débris. These eells also have the property of storing
foreign bodies that are brought into the organism.

The undifferentiated mesenchyme cells, which are found in close
proximity to the bloodvessels, have the properties of embryonic
connective tissue cells: under an adequate stimulus they may become
transformed Into anyv type of connective tissue cell or into blood
cells. They may also become phagoeytic wandering cells under
the stimulus of iInflammation. In Fig. 4 two of these undifferen-
tiated (perivascular) mesenchyme cells can be seen near the capillary
wall.

The main function of pulp tissue is to build dentin. The forma-
tion and structure of human dentin will be outhned only briefly
in this book.!

| ’
iL i J L. F"'
Fig. j.—Normal yvoung human pulp and dentin. P, pulp tissue: 0D, odontoblasts;

D' dentinoid (uncaleified dentin mairix); I}, dentin with dentinal tubules: GI,
globules of caleification at the border between dentin and dentinoid.

In the teeth of voung people the entire surface of the pulp is
lined by a layer of large, elongated cells. These cells, the odonto-
blasts, are specialized pulp cells developing from the superficial
layers of the dental papilla of the tooth germ. Fach odontoblast
has a long protoplasmic process, the Tomes’ fiber or dentinal fibril
which extends through the entire thickness of the dentin to the
dento-enamel junction. The Tomes’ fibers lie in fine canaliculi in
the dentin, the dentinal tubules.

The dentin consists of a soft, fibrillar matrix, the predentin, in
which lime salts are deposited. The deposition of inorganic matter
into the forming dentin begins at a distance from the pulp surface;

1 For more detailed information the reader i= referved to the publication of Crban

(Jour. Am. Dent, Assn,, 1929 16 15471, which also contains a complete bibliography
on this subjeet.
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the innermost layer of the dentin, therefore, consists of uncalcified
matrix and is called dentinoid.  In specimens stained with hema-
toxylin, the dentinoid appears lighter in color than the caleified
dentin (Fig. 5). The calcium salts in the matrix are deposited in
the form of globules which gradually fuse. Theyv can be observed
in sections of dentin in which calcification is not complete. In the
periphery of the pulp chamber of a young tooth the relationship
between pulp, odontoblasts, dentinoid, and dentin is plainly visible
(IFig. 5). Tomes’ fibers may be seen running through the dentinoid
as well as through the dentin.

Near the dentin surface the dentinal tubules ramify and com-
municate with branches of neighboring tubules (Fig. 6).  Thus, the
tubules form at the borderline between dentin and enamel the
so-called marginal plexus,

Fig, 6, —Terminal ramification of the dentinal tubules at the dento-enamel june-
tion. Ground gsection. DT, dentinal tubulez; TR, terminal ramifieations (marginal
plexus) : B, enamel ; DE, dento-enamel junection,

Recent investigations have shown that Tomes’ fibers are hollow,
pipe-like structures filled with a fluid or semi-fluid protoplasmic
content (Wolf, IFig. 7). They are separated from the wall of the
dentinal tubules by a capillary space (perifibrillar space, Fish), It
has been found by animal experiments that fluids, solutions and
minute solid particles may be carried from the pulp into the dentin.
This transportation may take place in the capillary space between
the tubule and the dentinal wall of the tubule, or perhaps inside of
the tubule itself.

Dentin formation starts in the fifth month of fetal life in the
deciduous teeth, and is normally continued in the permanent teeth
all during life.  This means that the pulp chamber steadily decreases
in size, a fact of great importance in the practice of dentistry.
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The knowledge concerning the mechanisin of dentin development
was revised and enlarged recently by Orban.  He showed that the
IKorff’s fibers, the argyrophil fibers of the pulp (fibers that stain black
with silver stains), continue between the odontoblasts into the den-
tin, where they spread fanwise and interlace, and that there they
undergo a structural and chemieal transformation into the collagen-
ous fibers (as indicated by the change in staining properties) which
form the dentinal matrix. Orban has demonstrated also that
throughout life Korfi's fibers play the same réle in the development
of the dentin.  In the teeth of older people they can be plainly seen
in connection with the dentinal matrix. This would indicate that
the dentinal matrix is actually built up by the Korft's fibers of the
pulp and not by the odontoblasts. The odontoblasts, however,
furnish Tomes™ fibers and seem to be important for the vital pro-
cesses (sensitiveness, nutrition, ete.) in the dentin.

Fic. 7.—0Odontoblastic processes (Tomes™ fibers) izolated by preparatory over-
decaleification of the dentin, Longitudinal (L) and eross (" seetions through
Tomes” fibers. In the eross sections the fibers appear as hollow pipe-like stroctures,
(Wolf, Ztachr. f. Stom., courtesy of Urban & Sehwarzenberg, Berlin—-Wien.)

[ 'nder certain pathological conditions or in case of abrasion,
another type of dentin is formed, the secondary or irregular dentin.
This dentin develops without the presence of odontoblasts, It
consists of caleified dentinal matrix with few and irregular dentinal
tubules, and it i built by direct caleification of the pulp fibers (see
Chapter 11).

THE PROBLEM OF INNERVATION OF THE DENTIN.

The dentin of a young tooth with a vital pulp 1s highly sensitive
to any kind of mechanical, chemical, or thermal irritation.  This
is best illustrated by the sensitiveness of the exposed dentin at the
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bottom of a freshly prepared cavity in a vital tooth. By such a
dental operation many thousands of dentinal tubules are cut open,
and the odontoblastic processes Iving in these tubules are severed
and exposed to outer irritation; any stimulus that acts upon the
exposed dentin surface is conveved to the pulp along the Tomes’
fibers.

The high sensitiveness of the dentin suggested the presence of
nerves, and for a long time histologists have been trying to demon-
strate the existence of these nerves, This appears to be a simple
matter. All that seems necessary is to treat the dentin with stains
having a peculiar affinity to nerve tissue and thus prove or disprove
the presence of nerves. In reality, however, the staining of dentinal
nerves is an exceedingly difficult problem of histological technique.
[n order to cut dentin into thin sections, it must be decaleified,
and the action of the acid greatly lessens the staining qualities of
the tissues. The metal salts (silver stains) that impregnate nerve
tissue affect connective tissue fibrillke similarly, so that the latter
can hardly be distinguished from unmyelinated nerve fibers. In
addition to these difficulties, it must be kept in mind that a dentinal
tubule is not wider than 1 or 2 microns; therefore, since most of the
tubule is occupied by the Tomes™ fiber, an accompanying nerve fiber
:an be only a fraction of a micron thick.

Due to all these difficulties the presence of nerves in the dentin
was undecided until very recent times. Some authors had reported
the finding of nerves; others had given a different interpretation
to the structures found. Under these circumstances 1t was not
surprising that some investigators, especially Walkhoff, strictly
denied the existence of nerves in the dentin.  Walkhoff believed
that the protoplasm of the Tomes’ fiber itself had the property of
transmitting stimuli from the periphery to the pulp, where the
irritation was taken over by the nerves of the pulp.  Other investi-
gators were of the opinion that certain delicate structures observed
inside the dentinal tubules were true nerves (Dependorf, Mummery).

In 1927 Dieck and Toyoda reported investigations by which the
presence of nerves in the dentin seemed to be definitely established.
The authors used a special histological technique by which, after
decalcification, complete removal of the acid from the dentin was
possible, thus greatly improving their specimens. By this method,
they demonstrated how the myelinated nerves of the pulp, after
losing their myvelin sheath near the pulp surface, enter the dentinal
tubules and extend through the thickness of the dentin to the dento-
enamel junction.  These unmyelinated nerve fibers are arranged on
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the surface of the protoplasmic process and with their fine ramifica-
tions embrace the process.  Very fine branches run from the tubules
into the dentin substance.

THE PROBLEM OF CIRCULATION IN THE DENTAL HARD
TISSUES.

Fiver since dental structures were made the subject of scientific
investigations, the existence of some form of metabolism or cireula-
tion in the hard tissues has occupied the minds of scientists. An
enormous bibliography has accumulated on this subject, but con-
clusive evidence still seems to be lacking. It is impossible to out-
line all the work that has been done within the last half century;
therefore, the author will confine himself to a brief deseription of the
possible pathways along which such a supposed cireulation or fluid
exchange within the dental hard substances could take place and
of some Andings obtained i animal experimentation.’

l. Pathways for a Possible Penetration or Exchange of Fluids in
Dentin and Enamel.— Dentin is a calcified substance pierced by a
large number of fine canaliculi, the dentinal tubules.  These tubules
contain living protoplasm, namely, the protoplasmic processes of
the odontoblasts, and, consequently, the taking up of food materials
and the removal of waste produects can be expected. In fact, in
animals it is possible to show that certain substances brought into
the tooth or into the organism follow the preéxisting path of the
dentinal tubules through the dentin to the dento-enamel junction.

The enamel offers a decidedly different problem, since no channels
are present that compare with the dentinal tubules. The enamel,
generally speaking, is completely caleified, and contains only a few
organic structures that could be considered pathways for the
exchange of fluids. These structures are the spindles, the tufts, the
lamelle, and, within certain limits, the interprismatic substance
and the prism sheaths.

The enamel spindles are club-shaped extensions of the dentinal
tubules projecting bevond the dento-enamel junction into the
enamel (Fig. 8). Their distribution and frequency is rather vari-
able; while they may be very numerous in some teeth, they may be
completely missing in other teeth or in different arveas of the same
tooth, The direct communication of these spindles with the den-
tinal tubules has been proved in staining experiments on extracted

! To anyone intending to make a more detailed study of the subject, the critical

review by Chase of 136 papers may be recommended as o starting point (Jour, Am.
Dent. Assn., 1931, 18, 607).
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human teeth; dye, brought under pressure into the pulp chamber of
such teeth, has been forced through the tubules into the spindles.

The tufts are groups or bunches of poorly calcified enamel rods
that extend from the dento-enamel junction through about one-
third of the thickness of the enamel. They are always found in
sections through human teeth (Fig, 9),

The enamel lamelle are bands that extend from the outer enamel
surface into the enamel. They may extend partly into the enamel,
or through its entire thickness to the dento-enamel junction, or
past the dento-enamel junction into the dentin. Theyv consist
either of poorly caleified enamel substance or of organic tissue rem-

Fia, 8.—Enamel spindles near the Fra, 9, —Ground section through a human tooth

tip of an upper incisor. I, dentin; at right angles to the long axiz of the tooth. E,
DT, dentinal tubules; DI, dento- enamel; D, dentin: EL, enamel lamella; T, tufts;
enamel junction; E, enamel; &, 82, enamel spindles. (Orban, Dental Histology,
enamel spindles, courtesy of P, Blakiston's Son & Co.)

nants that grew into crevices of the enamel before the eruption of
the tooth (Orban). These organic bands run lengthwise through
the crown in a plane perpendicular to the dentin surface (Iig. 9).

The interprismatic or cementing substance and the prism sheaths
are found between the enamel rods. They are variable and incon-
stant structures. In human enamel only a small amount of calei-
fied cementing substance is found between the rods. The enamel
of dogs’ teeth has a well-developed interprismatic substance between
the individual prisms. In man the interprismatic substance is cal-
cified, the same as the rods themselves; in young dogs, however,
there is an organic prism sheath between rod and interprismatic
substance.
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2. Demonstration of the Pathways on Extracted Human Teeth by
Means of Dyes. In order to investigate to what extent the above-
deseribed organie structures in the enamel are actually accessible
to fuids, staining experiments were performed on extracted teeth.
Beust reported, in 1912, that an aleoholic fuchsin solution, brought
into the pulp chamber of an extracted human tooth, pﬂh'-uwi through
the dentinal tubules to the dento-enamel junetion and entered the
enamel, and that the enamel tufts and the interprismatic substance
were stained.  Smreker obtained very similar results with diamond
fuchsin; the amount of dye in the enamel decreased with inerease in
distance from the dentin surface. Recently Beust stained enamel
spindles and tufts through the dentin. He stated that while in
voung teeth the prism substance has an affinity for stain, with
advancing age this colorability of the rod disappears; the inter-
prismatic substance continues to conduet stain for a time, but in
old teeth the enamel is entirely impermeable to dyes.

The dentin, too, changes its permeability during life. Beust
showed that with advancing age, especially under the influence of
outer irritation (abrasion), the dentinal tubules become less and
less permeable to dyes, apparently by obliteration of their lumen
through deposition of caleium salts.

Fish reported that, after placing methyl blue into the pulp
chamber of extracted human teeth and keeping them in saline solu-
tion for several weeks, the dve could be seen filling the dentinal
tubules to the dento-enamel junction, and that some of the prism
sheaths next to the enamel tufts were stained blue also, indieating
that there is communication between the dentin and the uncaleified
portion of the cementing substance

3. Demonstration of the Pathways by Vital Staining. The bio-
logical way to investigate whether fluids can enter the dental hard
tissues is by means of vital staining. A large number of such experi-
ments has been performed. They can be carried out either by
introducing some dye into the general circulation (intravenous,
subcutaneous, or intraperitoneal injection) or by introducing some
dye directly into the pulp tissue.

(¥r] fn.l'r.r}r.l'ur'!'.ll.rm nf .“‘F,H*.'f -’Hi'n HH" ”f'f:f’rﬁf {'fr;*nh;ﬁrm_—-- T]I{‘ Iil':-;t
group of v'~:|wri1m-nt~: may be subdivided into investigations on
developing, growing teeth, and on fully developed teeth.  Gottlieb
fed and injected puppies with madder, a red dye of vegetal origin
that has a special affinity for caleified tissues. He demonstrated
the presence of red zones in the enamel of the teeth that were being
formed at the time of the experiment, each zone corresponding to
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one distinet period of injection.  Similar results were reported by
Cries, Blotevogel, and Proell.

(ries demonstrated on a number of dogs the effect of intraperito-
neal injections of trvpan blue at different stages of growth and
dentition. He found that, if trypan blue were injected before the
permanent teeth had begun to form, the permanent teeth were
blue over the entire surface of each crown. If, however, trypan
blue were injected soon after the permanent teeth had begun to
form, the teeth were white except for a wide blue zone 1n the cervi-
cal portion. If the injections were made after the enamel of the
permanent teeth had been fully formed, the enamel was white while
the dental pulp and adjacent dentin were blue. In all animals,
when the injections had been made shortly before death, gums and
skin were blue in color; while in a dog in which the injections had
been begun soon after the dog’s birth but had been discontinued
two months prior to death, the enamel of all permanent teeth was
deeply and uniformly blue; whereas, practically all the blue color
had disappeared from the gums and skin.  If such blue teeth were
fractured, it was found that the blue pigment was contained in
hoth dentin and enamel. From these findings Gies suggests that
substances circulating in the blood during the period of enamel
development may be permanently incorporated into and retained
by the enamel. The problem of mottled enamel in man may be
considered from the same point of view. Here, too, we are dealing
with a preéruptive change in the enamel, brought about hy the
fluorin content of the drinking water (Mekay). The resulting
pigmentation and disturbed caleification of the enamel is an irre-
versible process: once the teeth have been affected in childhood
bv fluorin in the drinking water and have become mottled, they
remain so throughout life. It is not possible later to remove the
discoloration of the mottled enamel, nor can the condition be
produced after all of the enamel has been formed.

These findings are of great importance in connection with the
statement oceasionally encountered in hiterature ™ that calcium may
be mobilized from the teeth in case of a general deficieney in the
mineral metabolism.””  This conclusion seems to be drawn by anal-
ogv. While it is a well-established faet that under certain conditions
(pregnancy) the mineral salts of the hone may be mobilized and
used in other parts of the organism to meet an emergeney, such a
process has never been demonstrated in the teeth, although it is
often alluded to as a fact. On the contrary, the permanent reten-
tion of dves in the enamel suggests very strongly that no substance
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can be mobilized again once 1t has become mcorporated into the
enamel.

Urbantschitsch experimented on bats with fully developed teeth
by injecting subcutaneously from 1 to 1.5 ee. of a solution of trvpan
blue or lithium carmine. After a period of from several hours to
three davs, ground seetions of the teeth were prepared. The dve
was found stored in the pulp tissue. From there it had penetrated
into the dentin and, in places, also into the enamel; the latter
showed a delicate blue or pink hue, depending upon the dve that
had been used. The intensity of the coloring of the enamel was
greatest near the dento-
enamel junetion and decreased
toward the enamel surface.

(b) Introduction of Dyes
Directly Into the Pulp Tis-
ste. — Since  any  supposed
circulation in the hard tis-
sues, dentin and enamel, must
necessarily be controlled and
regulated by the pulp, the
expectation would be that,

Fic. 10.—Marginal lymph plexus of the if such a eirculation EI('IILElH}'

dentin of a dog. Bolid dyve was placed in i'ﬁli‘itﬁ. minute []}ll'ti{'ll’-"" of
the pulp tissue of the living tooth and sealed 2

there for twelve hours. The anastomosis ‘:I_‘"F would be carried I'::‘.‘ the
ﬁi the I.{"rn'lni‘l“}l] hr:nl'tt‘l::t':i i‘z spen to form a 'H'ui{'l strealn r‘['i"ﬂl'l thf' I}”Ir}

marginal lvmph plexus for the exchange of e :
I.."I“]-p‘h |:||_h1"|,,l|,'mn!| the 1_“!;";.'5;;_ ]}I denli“; il':l II]tij t-I'IL'-' {ltilltlll {]‘E“ f.']l;l.”:".‘]-

enamel. (Fish, British Dent. Jour.) Fish, who during recent vears

published a number of ex-
periments on this subject, demonstrated such a vital transport of
dyes from the pulp into the dental hard tissues. Ie used dogs
and monkeys for his investigations, Under general anesthesia
a hole was drilled into a tooth, carefully exposing the pulp. Solid
methyl blue was then placed very gently upon the pulp, and
the cavity was sealed without pressure. After twentyv-four hours
the tooth was extracted and sections were prepared. TFig. 10
shows the result of such an experiment in a dog's tooth. The
dentinal tubules are stained all the way to the dento-enamel
junction, where they form a network of anastomosing terminal
branches, the marginal plexus (see Fig. ). In some places the
dve can be seen entering the enamel.  Similar results were obtained
in the teeth of a monkey. Ilere, too, some of the dentinal tubules
were stained to the dento-enamel junction; however, the enamel
appeared free from stain.
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In dogs’ teeth, if ground sections at right angles to the course of
the enamel prisms are prepared, the prisim sheaths appear stained.
In a higher magnification of this area, the hexagonal enamel rods,
the prism sheaths, and the caleified interprismatic substance can be
seen plainly.  In three places the dye that had been placed into the
pulp stained the prism sheaths; the prism itself as well as the inter-
prismatic substance is free from the dye (Fig. 11).

In ecross-sections through stained dentinal tubules of dogs’
teeth, IYish found the dyve between the wall of the tubules and the
Tomes’ fiber; the dye appeared as a ring around the dentinal fibril,
which would indicate that it is located in the capillary lymph space
around the odontoblastic process, in the perifibrillar space.

Fia. 11.—Transverse section of dog’s enamel prisms. Methyl blue was placed in
the pulp of the dog's tooth twenty-four hours before death. The dyve can be seen
in zome of the prism sheaths, The prisms and the interprismatic substance are free
from dye. (Fish, Jour. Am. Dent, Assn.)

An important observation made by Fish in the course of his
experiments was that the permeability of dogs” enamel is dependent
largely upon the age of the animal. Whenever methyl blue was
placed upon a vital pulp, it was always found in the enamel after
twenty-four hours had elapsed; however, in yvoung dogs the dye
entered the enamel far more freely and deeply than it did in older
dogs.  In very voung animals the dyve reached the enamel surface
and the cuticle, while in older animals the dyve in the enamel was
confined to small areas near the dento-enamel junction.  In all cases
the dve was confined to the prism sheaths.

IFish also found that, by cementing a metal cap containing methyl
blue for twentyv-four hours upon the tip of an intact dog’s tooth,
the tooth substance could be stained from without inward. In
voung animals the dye penetrated the entire thickness of the enamel
along the prism sheaths and entered the dentin, while in very old
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dogs there usually was no penetration. Identical results were
obtained when postmortem material of dogs’ teeth was used,
although in this ease it took much longer, about a week, to obtain
the same amount of penetration that in living dogs could be obtained
in twenty-four hours, !

The experiments of Fish, some of which have been described,
sugeest the existence of a lvinph stream from the dog’s pulp into
the dentin and occasionally into the enamel. Although the dentin
of dead, extracted teeth stains similarly if dyve has been placed in
the pulp chamber, this staining oceurs very much more slowly than
if the dve has been placed upon a living pulp.  This would indicate
that a vital force plays a rdle in the staining process,

It has been shown also that the vital staining process occurs
much more extensively in voung teeth than in old ones, which fact
is in full accordance with the findings of Beust coneerning the gradual
obliteration of the dentinal tubules in advancing age.

To what extent the experimental findings of Fish and other
investigators are applicable to man has not yet been decided.
However, clinical as well as experimental evidence points very
strongly toward the assumption that, while growing human enamel
may be affected by diet and other influences, the fully formed
enamel of an adult human tooth is void of any vital processes.
Certain clinical manifestations, such as changes in the suscepti-
hility to dental caries, must then be accounted for by environmental
influences (bacteria, saliva, ete.) rather than by changes within the
enamel itself.

['p to this time we have had no scientific evidence for the assump-
tion that there is a lymph or fluid stream in the fully caleified human
enamel.  Fven though occasionally traces of substances or solution,
pigmentation or discoloration may pass from the pulp chamber
into the enamel by ditfusion, these observations by no means justify
the far-reaching conclusions that have been drawn by some of the
men who believe in the existence of metabolic processes in the
enamel. The theory of an “active defense” of the enamel against
hacterial activity is not based upon any clinical or laboratory data.
On the contrary, all the evidence is against such a theory. If the
enamel really were able to produce a defense reaction, pulpless
teeth would be relatively more subject to dental decay than teeth
with vital pulps.  No such difference has been recorded so far. 1If
a lvmph circulation were present in the enamel which conld ward

off dental earies, sueh a lvmph stream would, of course, depend
largely upon the permeability of the dentin,  The investigations of
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Beust and Fish have definitely established the fact that the permea-
bility of the dentin steadily decreases with advancing age.  Conse-
quently there is an abundant lymph supply in the dentin of voung
teeth and a greatly reduced amount in older ones.  Still, we find
the highest incidence of dental caries in vouth and a steadily decreas-
ing incidence with advanecing age, which is just the opposite of what
should logically be expected if dentinal lvmph circulation had any
relation to caries incidence.
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CHAPTER II. :
REGRESSIVE CHANGES IN PULP AND DENTIN.

Brrore entering into the pathology of the dental tissues a group
of conditions will be diseussed for which the term regressive changes
will be used. These conditions are: the formation of secondary
or irregular dentin, the atrophy of the pulp tissue with advancing
age, and the formation of calcified bodies in the pulp tissue.

These deviations from the normal histology of dentin and pulp
are, in time, invariably formed in every human toot h, and, there-
fore. must be considered separately from distinetly pathological
conditions such as caries or pulpitis. The regressive changes in
dentin and pulp take place without any clinical symptoms, develop-
ing gradually and without interference with the life or the function
of the tooth. Theyv can, therefore, be considered as an expression
of the general senescence of the organism, and also to a certain
extent as a defense mechanism against the many outer influences
to which every tooth is exposed during life.

SECONDARY (IRREGULAR) DENTIN.

In a young tooth with an intact covering of enamel, dentin
formation oceurs in a regular, undisturbed manner and results in
the formation of dentinal tubules that converge toward the pulp
in a uniform, wavy course. This type of dentin is called primary
or regular dentin, becanse it is the dentin that is formed in the early
part of the life of every tooth, and because of the regular course of
the dentinal tubules.

Sooner or later after the tooth has erupted and has come into
function, the enamel is worn through by mastication, and the dentin
bhecomes exposed to the influences of the oral cavity. Exposure of
the primary dentin is accompanied by injury to the peripheral ends
of the Tomes™ fibers which transmit impulses to the pulp. The
defensive reaction of the pulp to this irritation consists of a hurried
deposition of ealcified tissue over the central endings of the injured
dentinal tubules. This newly formed hard substance is the secon-
dary dentin.  The course of the dentinal tubules is much less regular
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in the secondary than in the primary dentin, and, therefore, this
type is also called the irregular dentin, The secondary dentin con-
tams less organic substance than the primary dentin and is less
permeable, in which way it is better equipped to perform its fune-
tion of protecting the pulp against injury or irritation from without.
Due to the difference between the structure of primary and secon-
dary dentin, it is easy to find the borderline between the two kinds
in microscopic specimens (Figs, 12 and 13).

Fig. 12, Fra. 13,

Firas. 12 and 13.—Diagrams of the distribution of secondary dentin in an upper
bicuspid as the result of abrasion. The worn portion of enamel and dentin is indi-
cated by dotted lines. The secondary dentin is indicated by blaek shading.

Fia. 12.—Beginning abrasion. The dentin is exposed at the tips of both cusps.
Corresponding to the exposed area, secondary dentin iz formed in the pulp horns,

Fic. 13.—Advanced abrasion. A large portion of the dentin is oxpozed. The
occlusal portion of the pulp chamber iz filled by secondary dentin,

From a clinical viewpoint it seems advisable to describe separately
the different factors that lead to the formation of secondary dentin,
keeping in mind, however, that the secondary dentin produced
under these varions clinical cireumstances is not different under the
Imicroscope.

The following factors lead to secondary dentin formation:

1. Abrasion (attrition, occlusal wear).

2. Dental caries.

3. Dental operations that involve the dentin.

4. Fracture of a part of the erown without exposure of the pulp.

1. Abrasion and Secondary Dentin.— In a mouth with a full row
of upper and lower teeth in normal alignment, the incisal edges and
oeclusal surfaces of all crowns are exposed to a great amount of
wear.  This is especially true in healthy people with strong, sound
teeth who make good use of their jaws. In such persons, usually
hetween ten and fifteen vears after the permanent teeth have come
into full ocelusion, it will be found that the enamel has been ground
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down considerably and that facets have been formed.  In the fourth
decade of life, as a rule, this process of abrasion reaches the tip of
the dentin, first at the incisal edge of the incisor teeth and at the
cusps of the first molars. The process of wea ring down continues
until, on examining, for example, the occlusal surfaces of a man in
the fifties with strong, healthy teeth, all cusps have practically dis-
appeared and the dentin has been exposed on almost every tooth,
appearing as a yellow or brown area on the occlusal surface, sur-
rounded by a white seam of enamel.

Teeth without cusps must be considered the natural tooth form
for older people. This point should be noted especially, as there
still are dentists who consider every evidence of abrasion as patho-
logical or as a symptom of injury to the tooth. Although Nature
has equipped man with only one set of permanent teeth that is sup-
posed to last for a lifetime, these teeth need not necessarily retain
the form and shape that they had at the time of their eruption.
The human teeth are hard working tools, and since there is no
possibility of replacing that part of the crown that is lost by con-
stant wear, the teeth, like all other tools, will in time become
shorter. This process is known as physiological abrasion. If no
pathological changes interfere, if there is no loss of teeth by caries
or pyorrhea, abrasion will not become excessive before the natural
limit of life is reached.

Unfortunately in modern man physiological abrasion is a rare
oceurrence since abnormal alignment, insufficient use, and dental
caries among our civilized races preclude proper occlusal wear. It
is almost necessary to go back to the teeth of primitive men to find
what we might call the ideal form of abrasion: a perfect set of
thirty-two teeth, with uniform wear-down of the cusps, elimination
of incisal overbite, and creation of an occlusal plane in which the
lower jaw can move and grind in every direction without cusp
interference. This type of abrasion occurs so regularly in primitive
man that anthropologists use the amount of occlusal wear as an
important factor in determining the age of the individual.

These considerations may raise the question as to whether or not
abrasion is ever pathological. There is, of course, such a thing as
pathological abrasion. Every dentist has seen older people with
excessively abraded front teeth, worn down almost to the gingive,
and sometimes even with exposed pulps. But in these cases the
pathological abrasion is merely the secondary result of another
preéxisting pathological condition, such as the loss of molars, mal-
alignment or malocelusion of the teeth, or abnormal chewing habits.
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Abrasion found under such eircumstances cannot be compared with
that occurring in a normal set of teeth without disturbances in
number or alignment.

The process of abrasion is always accompanied by the formation
of secondary dentin as soon as it reaches the dento-enamel junction.
The amount of secondary dentin deposited depends upon several
factors, namely, the extent of the exposed dentin area, the length
of time that has passed since the dentin was exposed, and the
individual reaction of the pulp. Some
pulps seem to have a greater and others
a lesser tendency toward the forma-
tion of secondary dentin.

_f'l 3
Fig, 15, —Borderline between primary and see-
FiG. 14, — Beginningabrasion. Lower ondary dentin, Ground section. PID, primary
cuspid. Decalcified section. X, abraded dentin; 2D, secondary dentin. Noie the amall
area of dentin; SI), secondary dentin number and irregular course of the dentinal tubules
inn the tip of the pulp chamber; I?, pulp. in the secondary dentin.  Most of the dentingal
(Courtesy of W, Willman.) tubules of the primary dentin end at the border

line between primary and zecondary dentin,

The actual distribution of secondary dentin in abraded human
teeth will be illustrated by a few typical cases. Fig. 14 shows the
tip of the crown of a lower cuspid with slight abrasion, in which the
dentin was just exposed. The specimen was decaleified in prepara-
tion, and, therefore, the enamel has disappeared; the abraded plane
of dentin can be seen running approximately at right angles to the
long axis of the tooth, The tip of the original pulp chamber, which
has been filled in by secondary dentin, is still indicated by a dark
line dividing primary and secondary dentin.

The main difference between primary and secondary dentin lies,
ready mentioned, in the different course and number of the

i B |
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dentinal tubules. This can be seen plainly in Fig. 15, which was
taken of a stained ground section. The regular, parallel, dentinal
tubules of the primary dentin end abruptly at a certain line; from
there on only a very few irregular tubules are present, running
through the solid, caleified dentin matrix. 1

The formation of secondary dentin is especially important when
abrasion reaches the level of the original pulp horns (Fig. 16).  From
this specimen it becomes evident that were it not for the secondary
dentin, the pulp would have been exposed. As abrasion advances
a considerable portion of the original pulp chamber which has been

Fig. 16.—Abrasion. Lower cuspid. At PC the dentin is worn down to the level
of the original pulp chamber. X-X, abraded dentin surface; PC, outlhine of the
original pulp chamber; =D, secondary denting P, pulp.,  (Courtesy of W. Willman.)

filled with secondary dentin may be worn away (Fig. 17).  But as
long as this process of wearing away occurs gradually and there
is enough time for secondary dentin to form, there is no danger of
infection or exposure of the pulp.

[11 old people sometimes almost the entire pulp chamber may be
filled by secondary dentin (Fig. 18).  This fact is important because
teeth in which the pulp ends apically from the cemento-enamel
junction do not necessarily respond to the vitality test; dental
operations, such as grinding or drilling, usually painful in teeth
with vital pulps, can be performed on such old teeth with little

sensation,
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The formation of secondary dentin must be considered as a reac-
tion of great efficiency and of highest practical importance, because
by this process a sufficient thickness of hard substance is constantly
maintained between the tooth surface and the pulp.  Furthermore,
the newly formed hard substance is denser than primary dentin and
contains less organie material, qualities that inerease its ability to
seal the pulp against outer influences.

Fra. 17.—Advanced abrasion, Lower cuspid, Fri, 18, —Advanced obliteration of
K—K. abraded dentin Hl.li"fi'l.l'(". Pt o ﬂrllﬂ'i'l!]fll ontlime the '||I.:|Ei_|1_1||_1”'||_'|'|-|_'|‘ ||".,' m_'-n;-l:lnvl]:“_'_'n.-' dentin,
of pulp chamber; 8I), sccondary dentin: P, pulp. Lower incisor of an old individual.
(Courtesy of W, Willman.) P, original outline of pulp chamber;

S, secondary  denting P, pulp.
(Courtesy of W. Willman.)

The immediate stimulus causing the formation of secondary
dentin seems to be the injury to the odontoblastic processes in the
dentinal tubules. This opinion is greatly supported by the observa-
tion that the secondary dentin is formed only at the central endings
of those dentinal tubules of which the periphery has been exposed.
FFish regards the deposition of secondary dentin as a specific reac-
tion of the dentinal tubules to injury. This author has called
attention to the fact that two phases can sometimes be distinguished
in the formation of secondary dentin.  Immediately following injury
to the protoplasmic process a “barrier” of ealeium salts is deposited
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over the central opening of every injured tubule; upon this barrier
the actual secondary dentin is formed. The tubules in the primary
and secondary dentin are thus completely separated by a highly
calcified obstruction, and the primary dentin is cut off from the
pulp. Clinically this is manifested by a loss of sensitiveness in the
involved portion of the dentin. Iish calls the tract of dentin
between the peripheral lesion and the secondary dentin a “dead
tract.” e shows that if methyl blue dye is introduced into the
pulp chamber of an extracted human tooth, the dye enters the
dentinal tubules of the intact primary dentin and penetrates to
the dento-enamel junction, but wherever secondary dentin covers
the central endings of the tubules, no dye can enter and the dentin
remains unstained.!?

Ocelusal abrasion must not be confused with the loss of tooth
substance that is sometimes found at the neck of teeth on the labial
or buccal side. These defects, which are called erosions, are usu-
ally wedge-shaped and cut deep into the substance of the tooth.
They are due to the improper use of the tooth-brush together with
a sharp, gritty dentifrice. Under such erosions secondary dentin
may develop, its presence depending upon the rate of destruction
and upon the defensive power of the pulp.

The pulp tissue under secondary dentin shows certain character-
istic changes.  As a result of the injury to its protoplasmie processes,
the entire odontoblastic layer may die and be covered over by
secondary dentin, in which event the newly formed hard substance
will consist of a structureless, calcified mass without any dentinal
tubules. IMowever, some of the odontoblasts generally survive,
leaving their protoplasmic extensions tortuously and irregularly
embedded in the secondary dentin. The number of odontoblasts
is always greatly reduced; they are smaller than usual and their
arrangement is irregular (Ifig. 19).

Due to the continuous formation of primary dentin and to the
gradual development of secondary dentin, the size of the pulp
chamber of all human teeth slowly and steadily decreases with
advancing age. In the anterior teeth the deposition of secondary
dentin leads to a considerable reduction of the length of the pulp
chamber: at the same time the root canal becomes narrower. Since

I Brit. Dent. Jour., 1932, 63, 351.

¢ While this book was being printed, the investigations of Fish were published in
book form. (Fish, E. W.: An Experimental Investigation of Enamel, Dentin and
the Dental Pulp, London, John Bale, Sons & Danielsson, 1932.) s ook, which
represents an outstanding piece of work on the permeability of the dental hard

tissues, on the metabolic changes in the dentin and on the reaction of dentin and
pulp to peripheral injuries of all kinds, ean be highly recommended.
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these changes are of great practical importance they will be illus-
trated by comparing labio-lingual sections through upper central
incisors at four different ages (Figs. 20 to 23). Iig. 20 illustrates
a section through an incisor shortly after eruption at the age of
eight years. The pulp chamber is very large; the root end is wide
open. Fig. 21 shows a section through the corresponding tooth of
a boy, aged fourteen years. The root end is fully developed. No
incisal abrasion has vet taken place, and, therefore, only primary
dentin is present. In Fig. 22 the corresponding section of an
individual, aged thirty-five years, is reproduced. The process of
abrasion has reached the dentin at the incisal edge; secondary

Fig. 19.—Secondary dentin formed in a pulp horn of a lower molar as the result
of abrasion. On the surface of the secondary dentin the odontoblasts are small,
irregular, and in places entively missing., PD, primary (regular) dentin: 8D, secon-
dary (irregular) dentin; 0D, odontoblasts; P, pulp.

dentin has been formed, causing a considerable decrease in the size
of both pulp chamber and root canal. In Fig. 23 the same tooth is
illustrated in a man, aged about fftyv-five years. Notice the ad-
vanced abrasion. The crown has been worn flat.  The pulp cham-
ber has been reduced to a fine, canal-like space; more than two-
thirds of the original length of the pulp chamber has been obliterated
by secondary dentin.

2 Dental Caries and Secondary Dentin. —When caries reaches the
dento-enamel junction it causes the formation of secondary dentin
on the wall of the pulp ehamber in the same way as was shown in
the case of abrasion. By tracing the course of the dentinal tubules
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from the carious lesions to the pulp, it is obvious that the secondary
dentin corresponds exactly to the decayed area in extent and
localization. The lack of tubules in the secondary dentin may be
considered a protective measure against a possible invasion of the

dentin by bacteria. :

Fig. 2. Fig. 23,
Fias. 20 to 23.—Size of the pulp chamber. Comparison of labio-lingual sections
through upper central incisors of different ages.
Fia, 20.—Aged eight vears. Open root end; very wide pulp chamber and root

canal,
Fic, 21.—Aged fourteen vears. Root fully formed. No abrasion: no secondary

dentin formation.
Frues, 22, — Ao abont thirty-five venrs,  Beginming abrasion: spcomdary dentin in

the ineisal portion of the pulp chamber,

Fig. 23.—Aged about ffty-five vears. Advanced alrasion. The larger part of
the original pulp chamber has besome obliterated by secondary dentin,  The root
canal iz very narrow,
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In Fig. 24 is shown a mesio-distal section through a lower molar
with both occlusal and mesial caries. Two distinet deposits of
secondary dentin are present on the wall of the pulp chamber, one
on the roof, which corresponds to the ocelusal caries, and another
one on the mesial wall. Several calcifications (denticles) can be
seen in the pulp tissue.

The combined influence of abrasion and caries produces condi-
tions like the one illustrated in Fig, 25. In a lower incisor with
mesial and distal caries, formation of secondary dentin has taken
place on the mesial and distal walls of the pulp chamber: rootward

Fig. 24.—Secondary dentin formation under caries. Mesio-distal seetion through
lower molar with ocelusal (OC) and mesial (MC) earies. ST, seeondary dentin
corresponding to the occlusal decay; 8D, secondary dentin corresponding to the
mesial decay. The dentinal tubules leading from the mesial decay to the pulp cham-
ber converge toward the pulp: therefore, the area of secondary dentin formation i=
smaller than the carious area of the dentin surface. (Coolidge, Int. Dent. Congress:
Illingis Dent. Jour.)

the secondary dentin ends rather abruptly. In tracing the den-
tinal tubules from here back to the surface of the dentin, a point
is reached exactly at the apical end of the dental caries. In addi-
tion to the deposits on the mesial and distal wall of the pulp chamber,
secondary dentin is present at the incisal end of the pulp chamber:
this 1s evidently due to the incisal abrasion that occurred in this
tooth. The original partition of the incisal end of the pulp chamber
into three horns, corresponding to the three simall incisal cusps of the
erupting tooth, is still visible and marks the borderline between
primary and secondary dentin,
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Tt might be appropriate at this point to discuss in general the
relationship between caries and secondary dentin formation. In the
specimens illustrated here the pulp responded readily to approach-
ing caries with the formation of secondary dentin. This is corrobo-
rated clinically by the observation of teeth with advanced caries,
in which, after excavating the softened dentin, the pulp has been
found intact and well protected by a hard, brown layer of secondary
dentin.  On the other hand, it is known from clinical experience
that caries often reaches the pulp despite secondary dentin forma-

Fii. 25.—8econdary dentin under caries and abrasion. Mesio-distal section
through lower inecisor., AC, approximal caries; S secondary dentin corresponding
to the approximal caries; SD”, secondary dentin corresponding to the incisal abrasion;
0D, odontoblasts rootward from the secondary dentin. (Coolidge, Int. Dent.
Congress; Ilinois Dent. Jour.)

tion. Iow can this different clinical outcome of apparently the
same process be accounted for? Two factors play an important
réle here, namely, the rate of speed with which caries progresses
and the individual reaction of the pulp. As far as the first factor
is concerned, it must be kept in mind that it takes anywhere from
a few weeks to several months for the formation of secondary dentin
of considerable thickness. Therefore, if the decay is very rapid,
as, for instance, in case of fissure caries in the first permanent
molars in children, the pulp will hardly have time to form sufficient
secondary dentin to ward off the rapidly spreading infection and
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decomposition of the dentin,  If, on the other hand, the Progress
of caries is slow and superficial, sufficient secondary dentin will be
formed to keep up with the advancing decay, and the pulp will not
be exposed.

The second factor involved, namely, the individual reaction of
the pulp, is not yet understood. Just why one pulp will form a
large mass of secondary dentin and, as a result, remain intact, where-
as another pulp will produce little defensive reaction of this type
and will become infected or exposed, is one of the many problems
of the biological sciences that is still awaiting solution. In the
meantime, the only thing that can be said is that one pulp has
greater resistance than another; but the factors that determine or
regulate this individual variation are unknown.

Frc. 26, —Caries on the distal side of a lower bicuspid., Deposition of secondary
dentin on the mesial wall of the pulp chamber. CID, cariouz and decomposed dentin:
S, secondary dentin; P, pulp. The pulp tissue is normal. The line X-X illﬁit‘:ltf"s
the approximate outline of a cavity preparation that '.:t't:ltlct remove all decayed dentin
and leave a layer of dentin of uniform thickness sufficient to protect the pulp.

3. Dental Operations and Secondary Dentin.— Fvery drilling or
grinding of a tooth will lead to the formation of secondary dentin
provided this operation involves the dentin.  The extent and amount
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of the deposition of secondary dentin, under these eireumstances,
will depend upon the size and the depth of the eavity, upon the age
of the individual, upon the time that has elapsed since the operation
was performed, and upon the individual reaction of the pulp. The
larger the area of dentin that is exposed, the more secandary dentin
will be deposited; the younger the individual, the more readily will
the pulp react with such a deposition; and, finally, the more respon-
sive the individual pulp to irritating stimuli, the more readily and
extensively will secondary dentin develop.

In cavity preparation a certain amount of sec-
ondary dentin is usually present as the result of
the existing caries (Fig. 26); however, since it is
necessary to enlarge the cavity to comply with the
laws of extension, new areas of dentin with intact
dentinal tubules are cut open by bur or stone, and
secondary dentin is formed subsequently at the
central ends of these freshly exposed tubules. 1In
other cases, if a large cavity is prepared in a
formerly intact tooth that is intended to serve as
an abutment, no secondary dentin 15 present at

Fic. 27.—Dia-
gram of the dis-
tribution of =ec-
ondary dentin
following the
preparation of @
I'I'l.l:"ﬁ'i.“-l”" & I 1152l |.
ecavity and inser-
tion of a filling in
a lower molar.
The sceondary
dentin  is  indi-
eated by black
shading.

that time.

The distribution of secondary dentin under an
approximo-occlusal metal filling in a lower molar
is illustrated diagrammatically in Fig. 27. The
area of the pulp chamber occupied by the secon-
dary dentin 1s determined by the extent of the
exposed dentin surface; the thickness of the sec-
ondary dentin depends upon the length of time
that has elapsed since the filling was inserted and
upon the individual pulp reaction.

Another dental operation that 15 a common
cause of secondary dentin formation is the grinding of a tooth
with a stone. [If, for instance, cusps or incisal edges of teeth are
ground off, so that the dentin is exposed, the result will be exactly
the same as in tooth abrasion. The difference between the two
processes is that abraded teeth usually are not sensitive; whereas,
eround-down tecth are often very sensitive to touch and to thermal
changes. It seems that, during the comparatively slow process of
abrasion, the sensitiveness of the exposed tubules is checked by the
eradual process of caleification at their proximal ends. — After grind-
ing, however, vital tubules are suddenly exposed on the dentin sur-
face. and, as a result, the dentin is very sensitive until, during the
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weeks and months following the grinding, secondary dentin seals
the central ends of the involved tubules.

Secondary dentin may be produced experimentally by eXposing
the primary dentin. It has been observed that secondary dentin
formation in the teeth of young dogs begins ilmm-iIieltt—*Ij.-; after a
cavity has been drilled; after six weeks a considerable amount
of secondary dentin has already been formed. In experiments of
this kind it apparently does not make any difference whether such
an artificial cavity is filled with any kind of filling material or
whether it is left open; the mere fact that dentinal tubules in the
periphery have been mechanically injured is the deciding factor
that stimulates secondary dentin formation.

Fia. 25.—Becondary dentin under a shallow metal Alling on the labial surface of
an upper cuspid. IFPC, floor of cavity: 2D, secondary dentin; P, pulp; OD, odonto-
hlasts. MNote the irregularity of the odontoblasts overlying the secondary dentin,

A few specimens of human teeth that carried fillings over a period
of several vears will be used to illustrate the changes cansed by
such restorations, Iig. 28 shows a lablo-lingual section through
an upper cuspid that carried a shallow labial metal filling for one
vear. Corresponding to the extent of the cavity, secondary dentin
has been deposited on the labial wall of the pulp chamber. The
odontoblasts overlving the secondary dentin are much smaller
and more irregular than the ones on the surface of the primary
dentin.  The secondary dentin is located slightly rootward from the
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floor of the cavity; this is due to the apical deviation of the dentinal
tubules in their course from the cavity to the pulp chamber.

Fig. 29 shows a mesio-distal section through a human lower
molar. The outline of a mesio-ocelusal eavity, in which an amalgam
filling had been placed eight years before extraction,,can be seen
plainly in the specimen. A mesial pulp horn has been completely
obliterated by secondary dentin which undoubtedly was already
present at the time the cavity was prepared. There i3 also a
deposit of secondary dentin on the roof of the pulp chamber cor-
responding in form and extent to the occlusal portion of the cavity.
On the distal surface of the same tooth caries is beginning at the
cemento-enamel junetion, eausing a circumseribed deposit of see-
ondary dentin on the distal wall of the pulp chamber.

Fig. 20.—2econdary dentin under mesio-occlusal metal filling in lower molar.
Filling inserted eight years previous to extraction. FC, floor of eavity; 8D', secon-
dary dentin in mesial pulp horn; 3D, secondary dentin corresponding to the ocelusal
portion of the cavity; CC, eervical caries on the distal surface of the molar; 8D,
secondary dentin corresponding to this deeaved area. (Coolidge, Internat. Dent.
Congress: Illinois Dent. Jour.)

In Fig. 30, also a mesio-distal section through a lower molar, the
direct causal connection between cavity and secondary dentin is
plainly indicated by the extent and arrangement of the latter. The
bottom of the cavity almost reaches the outline of the original pulp
chamber, and had it not been for the secondary dentin previously
formed in this area the pulp undoubtedly would have been exposed.

4. Tooth Fracture and Secondary Dentin.—A kick, blow, or fall
upon the face may cause a fracture of the edge of an anterior tooth
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exposing the dentin. If in such a case the pulp is not exposed and
is still protected by sufficient dentin, secondary dentin will be
deposited in the pulp chamber corresponding to the position of the
line of fracture. The process of secondary dentin formation in a
fracture of this type corresponds exactly in etiology to the changes
that occur if the dentin is exposed by grinding or drilling.  An illus-
tration of secondary dentin formation following tooth fracture is
found in Fig. 346.

Fic. 30.—Secondary dentin under filling in lower molar. FC, floor of eavity.
5D, secondary dentin in the mesio-ocelusal corner of the pulp chamber; D, denticle:
(Coolidge, Internat. Dent. Congress: Illincis Dent. Jour.)

REGRESSIVE CHANGES IN THE PULP TISSUE.

The term regressive changes is used for certain conditions in
the pulp tissue that are usually associated with the formation of
secondary dentin and like the latter are a manifestation that stands
on the borderline between normal and pathological.  Such changes
are found invariably in all teeth of older persons; a pulp of the type
that is reproduced in Fig. 1 is found in young individuals exclu-
sivelv and even there only oceasionally.  Otherwise all human
teeth that the author has examined microscopically showed, at
least in some places, beginning regressive changes, atrophy of the
pulp tissue or degeneration of the odontoblasts.

Regressive changes in the pulp do not cause any trouble or dis-
comfort and can be diagnosed only by the microzcope; clinically
the tooth may appear perfectly healthy and intact. This is an

4
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important point because here, as in so many problems, the dentist’s
clinmical conception 1 in opposition to the pathologist’s microscopic
diagnosis. The dentist would call a tooth normal and healthy if
the crown were intact, if the pulp reacted to the electric vitality
test, and if there were no evidence of pathological changes in the
supporting structures. The pathologist in examining the pulp of
the same tooth under the microscope might find marked degenera-
tive changes, vacuolization of the odontoblasts, atrophy and calei-
fication of the pulp tissue, and certainly would not call such a pulp
healthy. Still, from the practical point of view the dentist is right
in his diagnosis. It seems advisable to bring up these considera-
tions at this point as they prove that close codperation between
practitioner and pathologist is necessary in order to avolrd misun-
derstandings and diagnostic errors.

TFia. 31.—Vacuolization of the odontoblastic layer. 0O, normal odontollasts:
F, aceumulation of fluid between the odontoblasts: O, groups of odontoblasts
between the vacuoles. The conmection between the odontoblasts and the central
ends of Tomes' fibers, TEF, can be plainly seen: D, dentin; P, pulp. (Courtesy of
W. Willman.)

The first symptom of beginning degenerative changes in the
pulp is the presence of fat in the form of fine droplets in the pulp
tissue. These deposits of fat may be found in the odontoblasts as
well as in the nuclei of the pulp cells and in the walls of the pulp
capillaries. Further degenerative changes in the pulp are vacuo-
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lization of the odontoblastic layer and atrophy of the pulp tissue.
Both these processes are characterized by a decrease in the number
and size of the pulp cells and by a replacement of the cellular
elements by fibers (fibrosis of the pulp).

IYig. 31 shows the process of vacuolization of the odontoblasts.
In the center of the field the odontoblasts are still visible as a con-
tinuous line of elongated cells; toward the sides, however, the cells
are pushed apart by an intercellular accumulation of fluid. The
pressure of this fluid has displaced some of the odontoblasts from the
dentin surface.

Fra. 32, —Beginning reticular atrophy of the pulp. Reduction in the number of
pulp cells.  The intercellular aceumulation of Huid gives the pulp a net-like appear-
ance. Y, bloodvessel. (Courtesy of W. Willman.)

Atrophy of the pulp tissue can be studied by comparing Fig. 3,
which was taken of the normal pulp of a young tooth, with Fig. 32,
11, 3 illustrates the original arrangement of pulp cells and fibrous
structures of the pulp.  In Fig. 32 the number of cells has decreased ;
small, round, fluid-containing areas have appeared between the
individual cells. As a result of these changes, the pulp tissue as-
sumes the appearance of a net and, therefore, this condition is
called reticular atrophy. With advancing reticular atrophy, the
spaces or vacuoles become larger, the amount of fibrous tissue
is reduced and the number of cells is greatly lessened (Fig., 33).
In extreme cases of reticular atrophy few eellular elements are left
the pulp tissue consists of irreguiar, coarse, fibrous strands stretehed
across the 1}[1|fj chamber. Bloodvessels and nerves are VEery much
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reduced both in number and size, which faet accounts for the greatly
decreased sensitiveness of such pulps. The odontoblasts have
completely disappeared (Fig. 34).

e L
1. 33, —HReticular atrophy of the pulp.  Formation of large spaces in the fibrous

pulp tissue. Greatly reduced number of pulp ecells. N, nerve. (Courtesy of
W. Willman.)

Fig. 3d.—Advanced reticular atrophy of the pulp. Only a few coarse strands of
fibrous tissue are lefi. Hardly any cellular elements are present. 1D, dentin. (Cour-

tesy of W. Willman.)

DENTICLES AND CALCIFICATIONS OF THE PULP.

The human pulp tissue is highly subject to abnormal ealeification,
sinee these caleifications show wide variations, it 1s necessary to
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classify them according to size, structure and localization. Rela-
tively large, well-outlined bodies of hard substance found in the pulp
chamber are called denticles. In addition, fine, diffuse ealcifica-
tions are frequently observed in the pulp tissue; they are spoken
of as pulp calcifications or as calcific degeneration of the pulp tissue.

1. Denticles. — According to their microscopic structure denticles
are classified as true and false.

(@) True denticles are denticles consisting of irregular dentin.

(b) False denticles are degenerative calcifications of the pulp
tissue. They usually show, under the microscope, a concentric,
lamellated arrangement as the result of a deposition of consecutive
layers of caleium salts around a central nucleus.

According to their relation to the walls of the pulp chamber, all
denticles may be classified as follows:

Free denticles: denticles lving freely in the soft tissue of the
pulp without connection with the walls.

Adherent denticles: denticles attached to the wall of the pulp
chamber.

Interstitial denticles: denticles embedded in the dentin. This
latter type develops from free or adherent denticles by continued
dentin formation by which the denticle finally becomes entirely
surrounded by dentin.

Clinically, denticles may sometimes be diagnosed by means of
the radiograph. They then appear either as prominences adherent
to the wall of the pulp chamber or Iving freely in the pulp tissue.
Their size in the radiograph varies from hardly visible, dust-like
granules to bodies the size of 2 or 3 mm. filling almost the entire
pulp chamber.  Upon the removal of the roof of the pulp chamber,
denticles can sometimes be taken out with a spoon excavator (free
denticles), while in other cases they are in solid junction with the
walls of the pulp chamber (adherent denticles) and then may cause
great difficulties if a treatment of the root canals is intended.
Large denticles in the pulp chamber can make the root canals almost
inaccessible; those adhering to the walls of the root canals sometimes
form an insurpassable obstacle to broaches or reamers.

(a) True Denticles.— Denticles with the histological structure of
dentin are the result of a localized over-formation of dentin.  They
develop in a large majority of cases from the wall or from the
hottom of the pulp chamber because of excessive dentin-forming
activity in a circumseribed area, and thus are closely related to
secondary dentin.  Fig. 35 shows a photomicrograph of a ground
section through an upper molar. A large true denticle has devel-
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oped from the floor of the pulp chamber; it grew toward the roof
of the pulp chamber, until it came in contact with the latter, thereby
dividing the pulp chamber into two small sections. The denticle

Fia. 35.— Large true denticle in the pulp chamber of lower molar. Ground section.
The denticle is attached to the floor and to the roof of the pulp chamber, thus sep-
arating the pulp ehamber into a mesial and a distal portion. OC, occlusal eavity;
D, denticle; PC, pulp chamber; C, eementum in bifurcation.

Fia. 36.—High magnification of the denticle in Fig, 35. The denticle consists of

gecondary dentin with very irregular dentinal tubules, DT,
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consists of secondary dentin with scanty, irregular dentinal tubules
(Fig. 36).

Sometimes true denticles are also found lying freely in the pulp
chamber entirely surrounded by pulp tissue. However, such free
true denticles are rare, and most of the free denticles must be
classified histologically under the second group, namely, false den-
ticles. For the formation of a free true denticle with dentinal
tubules, the presence of odontoblasts in parts of the pulp other
than in the periphery is necessary. It seems that the cells in
portions of the pulp other than in the periphery may become trans-

Fic. 38, —Large denticle attached
to the floor of the pulp chamber of
an upper maolar. The pulp cham-

Fra., 37.—Free trae denticle. D, dentiele; DT, her 15 reduced to o nareow slit
dentinal tubules in the denticle; P, pulp tissue; between denticle and dentin wall.
OD, adontoblasts, I, denticle: P, pulp: RO, root eanal,

formed occasionally into odontoblasts and may take part in the
formation of dentin. The presence of epithelial cells in the pulp
may have some connection with this type of dentin formation
(Orban).

Fig. 37 shows a free true denticle. The inner part of the denticle
consists of caleified pulp fibers, the outer part of irregular dentin;
the surface 1s covered by a laver of dentinoid and 15 surrounded
by odontoblasts. Evidently the calcification of pulp fibers took
place first, these calcified masses forming the nucleus around which
irregular dentin was later deposited.
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() False Denticles, -"This group includes the great majority of
the denticles found in human teeth.  False denticles originate from
deposits of calcium salts in the pulp tissue, probably following minor
cirenlatory disturbances in the pulp vessels.  These denticles vary

Fiz. 39.—High magnifieation of a small free denticle of conecentric lamellated
giructure {false denticle). 1, denticle: OD, odontoblasts and dentinoid on the floor
of the pulp chamber. Notice the strand of caleified fibrous tissue in the center of
the denticle. This caleified tissue forms the nucleus around which the denticle is
built up in coneentrie layers.

Fiua. 40— Beveral free and adherent denticles in lower molar, The larger denticeles
are the result of o conlescence of several smaller denticles of concentrie lamellated
structure (false denticles). FID, free denticles: AD, adherent denticle on the floor of
the pulp ehamber,
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greatly i size; sometimes they fill almost the entire pulp chamber.
Fig. 38 illustrates a large denticle which is attached by a broad
base to the floor of the pulp chamber. The pulp tissue is confined
to a narrow uniform space all around the denticle between the latter
and the wall of the pulp chamber.

Denticles of the size shown in Fig. 38 are rather rare: small den-
ticles, however, are very common and, in the author's experience,
are present in at least 80 per cent of all adults’ teeth.

False denticles are
formed by a concentric
deposition of consecutive
lavers of ecaleium salts
ﬂl'Ull!Ill i ('U]]tl'ﬁ] Tllli‘[t"llﬂ
which usually consists of
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Fra. 41. =mall adherent Fra. 42, —Interstitial denticle in the wall of
denticle in the root canal of a the root canal of a molar. P, pulp: 1D, inter-
molar. P, pulp; ADD, adherent stitial denticle: PI), primary dentin: 81D, sece-
denticle; 81D, secondary denting ondary dentin; PF, ealeifyving pulp fibers., The
PF, ecaleifving pulp fibors. denticle shows a conecentrie laminated structure

around a central nuclens (necrotic pulp tissue?).

some degenerated pulp tissue (Fig. 39).  As these round denticles
grow they approach each other and may finally become fused.
If they are close to the wall of the pulp chamber, they gradually
become adherent by a solid union with the dentin (Fig. 40).

Two small, false denticles in the root canal of a lower molar are
illustrated in Figs. 41 and 42. In Fig. 41 the denticle is attached
to the wall of the root canal. Ewvidently it was originally formed
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freely i the pulp tissue; later on, when the lumen of the canal was
eradually reduced by continued formation of dentin, the denticle
became adherent.  As the deposition of dentin goes on, the denticle
finally may become entirely surrounded by dentin, and is then called
an interstitial denticle. This condition is shown in, Fig. 42: a
small, round denticle of concentrie, lamellated structure is com-
pletely embedded in the wall of the root canal. These denticles
are usually small and of little practical importance.

2. Pulp Calcifications (Calcific De-
generation of the Pulp Tissue). ['ine,
fibrillar calcifications are abundant

"1, 44.—Fibrillar “calcification
of the pulp fissue in a root canal.
I*, pulp tizsue: OD, odontoblasts
and dentineid:; PT, ealeified pulp

Fig, 43.—Diffuse caleification (DO of fibers: 10, denticle formed by coal-
the pulp tissue in an intact lower molar of eseenee of caleified pulp fibers; VO,
an adult. 12, denticles resulting from vacuaohzation of the odontoblastic
fusion of minute ealeified areas. layer.

in some pulps, especially in those of older teeth (IFig. 43). Some-
times such ealeifications begin in the wall of a bloodvessel or in
the perineural connective tissue of a larger nerve, and then follow
the course of the strands of vessels and nerves in the pulp. By the
fusion of such caleifications long, thin denticles are formed, the origin
of which can be recognized easily under the microscope (Fig. 44).

3. Etiology of Denticles and Pulp Calcifications.— T'he formation of
denticles is often associated with the presence of an irritant of long
standing, such as caries, deep fillings, or chroniec inflammation.
They oceur more often in old people than in young ones.  Denticles
have been found, however, in very voung teeth and even in tooth
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germs before eruption; therefore, outer irritations cannot be the
t}tl]d_\.' canse for the formation of these caleifications. Due to the
absence of any collateral civeulation, the dental pulp is subject to
minor circulatory disturbances more than any other organ. As a
result, the connective tissue of the pulp frequently shows small
areas of hyvalinization, which later may become caleified and form
the nuclei for the formation of denticles.

The presence of denticles is sometimes blamed for pulpitic pain
or even trifacial neuralgia. In fact, in some of our histological
specimens, denticles were found in close proximity to pulpal nerves,
and it is not impossible that these nerves may become compressed
and irritated by the growing denticle. However, in clinical exam-
mations of such cases it will be necessary to studv and analvze all
circumstances most carefully and to rule out all other possible causes
for the neuralgia before a denticle can be looked upon as the etio-
logical factor.

METAFLASIA OF THE PULP.

The term “metaplasia of the pulp”™ (Euler) indicates the possi-
bility of a change in the biological character of the pulp. In order
to understand this point, it is necessary to recall the biological rela-
tionship between connective tissue and pulp tissue.  The connective
tissue of the jaws is able to produce bone or bone-like cementum,
hard substances that consist of a calcified intercellular substance
with cells embedded in it. The pulp is able to produce a more
highly differentiated form of hard tissue, the dentin, the structure
and function of which is different from that of the bone. The
term metaplasia means that the pulp tissue has deteriorated from
its higher speciahization (dentin formation) to the quality of con-
nective tissue (bone or cementum formation); as a result bone or
cementum will be formed within the pulp chamber.

A case of metaplasia of the pulp is illustrated in Fig. 45. In
examining sections through an intact upper third molar of an adult,
it was found that the pulp chamber was lined completely by a layer
of cell-containing cementum which was separated by a very definite
line from the dentin. Nothing is known about the history of this
tooth, and nothing in the specimen indicates any outer interference;
all that can be said is that for some unknown reason the pulp changed
its function from the formation of typical dentin to the formation
of a hard substance having the characteristics of bone.

True metaplasia of the pulp is a rare condition; it must not be
confused with the frequent observation of cementum in the apical
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portion of root canals following root canal treatment or pulp injuries
and also in the apical portion of root canals of intact teeth. These
deposits of cementum are the result of an actual ingrowth of perio-
dontal conmective tissue through the apical foramen into the root
canal and have nothing to do with metaplasia of the pulp.

Frg. 45.—Metaplasia of the pulp. Intact upper third molar. Deposition of
cementum on the wall of the entire pulp chamber. P, primary dentin: X, border-
line between dentin and cementum; C, cell-containing cementum; P, pulp tissue;
V, bloodvessels of the pulp.
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CHAPTER IIL '
DENTAL CARIIS.

DExTAL caries, due to the frequency and to the great medical and
social importance of this disease, for a long time has been the subject
of intense study. The pioneers in dentistry, men like Black, Miller,
Williams, and others, have devoted a great deal of their time and
energy to investigations on dental caries, and from their work the
pathological manifestations of caries, its relative frequency in vari-
ous groups of teeth, and the points of most frequent localization
on the tooth surface are well known.

CLINICAL CHARACTERISTICS OF DENTAL CARIES.

Although it is not the purpose of this beok to give detailed
clinical data of oral diseases, still, in consideration of the great
importance of dental caries, it might be appropriate to present a
brief outline of the clinical aspect of dental caries that has been
compiled and published by Dr. R. W. Bunting of Ann Arbor.!

“1. Dental caries is a destruetion of the hard substances of the
tooth by a process, the initial stage of which is a decaleification by
acids.

“2. The acids active in caries are not generally distributed in
the saliva, but are localized and concentrated on certain areas of
the tooth surfaces.

“3. Carious lesions oceur most frequently in the pits and fissures
of the occlusal surfaces and on certain areas of the approximal,
buceal, and lingual surfaces of the teeth, at which locations there is
opportunity for stagnation and the retention of foreign matter.
They do not occur on smooth enamel surfaces which are frequently
cleansed.

“4. All initial lesions of caries contain acid-forming bacteria
capable of producing and living in acids of sufficient potential to
decaleify the enamel.

“5. The hardness or softness of the teeth may affect the rate of
progress and extent of caries but do not alone determine its occur-

I Dental Cosmos, !EHW.':_.TE, S04,
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rence. Caries, as a rule, runs a more rapid and extensive course in
poorly formed teeth than in the hard and well-formed varieties, but
instances commonly occur in which the poorest formed teeth are
wholly free from the disease.

“6. Malhygiene of the mouth frequently favors the inception of
dental caries and increases its activity, but alone does not determine
its occurrence.  Mouths that are habitually unclean are often wholly
free from caries and, conversely, mouths that are scrupulously elean
may be seriously affected by the disease.

“7. The process of dental caries is related to and often determined
by certain constitutional states and conditions of bodily health.
The nature of these general influences and the manner in which
they affect the course of this dental disease are not clearly under-
stood at this time. The following bodily conditions are perhaps
best known as systemic factors which either favor or oppose dental
caries

“(a) Heredity.—There are strong evidences that the tendency
toward dental caries or an immunity to the disease may be trans-
mitted from parent to child, according to the laws of familial inher-
itance.

“(b) Susceptibility to dental caries is elearly influenced by age.
Incidence of the disease is known to be highest during the ages of
seven to twenty years. After twenty years the tendency to caries
15 markedly decreased.

“(e) Health.—1Tt is frequently noted that severe onsets of dental
caries follow attacks of general disease and disturbance of bodily
health. During pregnancy caries may be unusually active. Chil-
dren who are undernourished or are suffering from a general debility
are specially prone to dental caries.

“(d) Racial Influences.— Dental caries is more prevalent in cer-
tain races than in others. The natives of Africa, South Americ:
and the South Sea Islands, the Esquimaux and many other primitive
peoples are notably free from the disease, while those who live in
the more civilized communities are extremely susceptible to it.
There are evidences that the disease often increases in prevalence
as the people advance in the scale of civilization. 1t is also observed
that when mdividuals migrate from a caries-free nation to a country
in which it is prevalent they and their progeny may later develop
dental discase. There is no indication that dental caries is an
endemic affection or that it is induced by any particular climatic
conditions. The most constant and important variable between
immune and suseeptible races appears to be that of diet.”
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EXPERIMENTAL RESEARCH IN DENTAL CARIES.

The problem of the etiology of dental caries has been approached
recently in two ways: (1) In man, by elinical examination of groups
of people, especially children who live under known dietary condi-
tions; (2) in animals, by experimental production of caries or caries-
like lesions,

1. Influence of Dietary Conditions Upon Dental Caries in Children.
Investigations dealing with the frequency and progress of dental
decay in man can he carried out only with large groups of children
who live in closed institutions (schools, orphanages) so that it is
possible to control the actual intake of food of every child over a
period of several years. During this time the children live under a
certain dietary régime which, in the main, consists of a well-bal-
anced diet with a high content of vitamins and roughage and a
low content of carbohydrates. The total amount of tooth decay
present in the teeth of these children is carefully checked and
tabulated and compared with figures obtamed from the examination
of control children who live under different dietary conditions.

At the present time such studies on large groups of children are
being made in several parts of this country (R. W. Bunting and
associates in Ann Arbor, C. L. Drain and associates in Iowa City,
M. T. Hanke in Chicago, II. F. Hawkins in Los Angeles, and
Martha R. Jones in Hawaii). Although the different investigators
do not entirely agree as to just what constitutes the effective factors
in the control of dental caries, they all state that the teeth of a child
who is fed on an adequate and well-balanced diet are less subjected
to decay than are those of a child who is fed on an average or poor
diet. The results obtained by these investigators are highly
encouraging, for it seems actually possible to reduce the frequency
and the extent of dental caries by an adequate dietary régime.

An example of an experiment of this kind, a few of the actual
findings of the “Michigan group” of investigators (R. W. Bunting,
Philipp Jay, Dorothy G. Hard) at a county orphanage in Maumee,
Ohio. will be discussed. In accompanying Dr. Bunting on his semi-
annual dental check-up in the institution, the author had an oppor-
tunity to examine the mouths of more than 60 children; the occur-
rence and extent of dental caries were compared with the very exact
charts that had been made of the dental conditions of these children
one vear before. The unusually healthy state of the mouths of
the children and the small amount of caries present was very
remarkable. In many instances cavities that had been recorded a
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vear before had not changed in size, and the bottom of the cavities
appeared surprisingly hard when examined with an explorer. The
diet of these children consisted of large amounts of milk, vegetables,
eggs, and meats; fruit, both raw and stewed, was liberally given.
Carbohydrates were eliminated as much as possible. The main
carbohydrate foods given were potatoes and dark bread. Sweets
and candy were eliminated entirely. Under this diet the children
were i excellent health; they did not miss candy, since they did
not have it and did not come in contact with outside children who
would have stimulated their desire for it.

Bunting bases the reduction of sugar upon the assumption “that
the average child consumes too much carbohyvdrates in the form of
candy and highly sweetened feods, as a result of which the appetite
for other foods is perverted and a state of nutritional unbalance is
produced; furthermore, that candy and sticky confections retained
about the teeth afford a most favorable pabulum for acid fermenta-
tions in the mouth.™

The results of this survey in several institutions that were under
the dietary control of Bunting and his collaborators were published
recently, and some of the actual figures obtained in the orphanage in
Maumee are as follows: OF 156 childven under control, 123, or
80 per cent, showed no trace of active caries appearing during one
vear. In only 8 children, 5 per cent, was active caries found:
however, the lesion consisted merely of from 1 to 3 small cavities
per child on the occlusal or buceal surfaces of the teeth. The
remaining 15 per cent has such small defects that their significance
as caries was questionable in the opinion of the examiners.  Sixty-
six of the 125 children who showed no new caries at the end of the
vear had had from 1 to 10 open cavities in their mouths when the
experiment was started. These cavities had been untouched during
the vear. At the final exammation these defects had not inereased
in size, nor had new ecaries developed.

Although there is no possibility of obtaining adequate “ controls”
for experiments of this type, the above-mentioned figures show a
percentage of active caries that is far below that which every prac-
titioner or pediatrist is able to observe among average American
school children. Therefore, it seems that the favorable condition
found under certain food régimes actually can be attributed to the
dietary factor.

Bovd and Drain at the University of lowa observed during routine
mouth examinations in a dental clinie that a group of 28 children

I Bunting, B. W.: Am. Jour. Dis. Chiled., 1930, 40, 536,
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showed arrest of dental caries.  These children had open, untreated
cavities which showed no tendency to increase in size; the walls of
the cavities had become hard and dark. Mouth hyvgiene appar-
ently had no relation to this change since some of the mouths were
decidedly unclean. It was found that all these patients with
arrested caries were diabetic children who had been on a diabetice
diet for six months or more. This diet consisted of meat, eggs,
butter, milk, vegetables, fruit, and cod-liver oil.

Boyd and Drain attribute the arrest of caries in these cases to
the correction of faulty nutrition and to the intake of an adequate
amount of vitamins and mineral salts. In order to determine
whether the fact that the children had diabetes and were being
treated with insulin had anything to do with the control of dental
caries, the investigators put 4 non-diabetic children with active,
soft dental caries on a typical diabetic diet for a period of four
months. During this time no progress of the carious process in the
existing open cavities could be observed. After these 4 children
had resumed their ordinary diet, 2 of them developed recurrent,
active caries, ok

From a study of the literature on experimental caries prevention
in children, one gets the impression that the investigators still dis-
agree as to the actual mechanism of caries prevention. DBunting
and his collaborators emphasize the importance of an acidogenic
type of microirganism, the Bacillus acidophilus. The factor of
diet may produce an environment in the mouth that is favorable
or unfavorable for the development and activity of this organism.
This infective theory of caries would give the clew to many clinical
observations such as, for instance, the fact that some teeth are
subject to rapid decay despite extreme cleanliness, whereas others
are immune to caries in the presence of extreme neglect of oral
hygiene; it also explains adequately the definite localization of caries
on certain areas of the teeth. Boyd and Drain believe that im-
proved nutritional conditions bring about a hardening of the tooth
and thus an increased resistance against decay. Hawkins stresses
the importance of the acid-base balance and the caleium-phosphorus
bhalance in blood and saliva as related to nutrition. As a whole,
however, all investigators express the opinion that a nutritionally
sound and well-balanced diet is of greatest importance for the
prevention and control of dental caries.

2. Experimental Production of Caries in Animals. The second
eroup of experimental investigation deals with the experimental
production of caries in animals.  In this field, the work of Bunting,
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(;l‘ii_“-'uﬁ. Howe, [{]t'ill, :"l]-'ll"ri]!-'lu, and ‘."nlt*ﬂalll:}' 15 most impul‘tuul.
These investigators were able to produce structural imperfections
and, in some instances, typical caries in the teeth of animals by
certain variations in the food, especially by a reduction of the
mineral and vitamin content and by an increase in the amount of
carbohydrates,

The molars of the albino rat are excellent material for the study
of experimental caries because they are in many respects similar
to human molars. The rat is an omnivorous animal that is easy to

Fia. 46. —Beginning caries in an oecclusal fissure of the molar of a white rat. The
process of decay haz pazsed from the bottom of the fissure through an enamel lamella
to the dento-enamel junction: from there it spread into the dentin, thereby under-
mining the enamel. Deealeified seetion, BF, bottom of oeclu=gal fissure: E, enamel :
Cu, euticle; L, enamel lamella extending from the bottom of the fissure throuegh the
enamel inte the dentin: CI), carnes of the dentin:; DT, infeeted dentinal tubules.

(Barker, Jour, Am, Dent. Assn.)

keep and that can easily be used in large numbers.  Its molar teeth
resemble human molars very closely in form and structure. They
are subject to oeclusal and, although less frequently, to approximal
caries with all the histological characteristies that are found under
similar conditions in human teeth.  The occlusal caries of the molars
of rats begins at the bottom of the fissures and follows the course of
the lamella: to the dento-enamel junetion (Fig. 46).  As the decay
spreads into the dentin, secondary dentin formation can be observed
in the pulp chamber. Sooner or later the pulp becomes exposed,
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pulpitis develops, and the final outcome is the complete breaking
down of the tooth with formation of periapical abscesses. Rats
fed on a normal and well-balanced diet are affected very little hy
caries; whereas, animals kept on various kinds of deficient diets
show a high incidence of decay.! '

HISTOPATHOLOGY OF TEETH WITH DENTAL CARIES.

|. Enamel Cuticle and Enamel Lamell®. The destruction of the
hard substances by dental caries starts in the crown portion of the
tooth, on the surface of the enamel.  This is true for all cases except
for caries of the cementum which is occasionally observed in old
people with exposed roots. Since the enamel is covered by the
cuticle, it is evident that this structure must play an important
rile in the development and in the early stages of dental decay.
In fact, we may say that it is the cuticle that is first attacked by
the process of caries, and not the enamel. Caries of the enamel
develops only after the cuticle has been lost or destroyved.

The enamel cutiele 12 connected with the endings of the lamellie
on the enamel surface. The enamel lamellwe are bands of organic
structure running perpendicularly from the enamel surface into the
enamel, to the dento-enamel junetion, or into the dentin. Thus,
the lamelle present natural lines of weakness in the enamel which
are able to transmit caries from the surface into the enamel and to
the dentin.

According to Gottlieb the enamel cuticle is composed of two parts,
namely, the primary and the secondary enamel cuticle. The
primary cuticle, which 1s formed by the ameloblasts, 1s a very thin
membrane that usually becomes caleified. It is not resistant to
decaleification, and under the influence of acids it is readily dis-
solved; therefore, it is of no significance in connection with dental
caries. The secondary cuticle is derived from the epithelial attach-
ment. It 1s much thicker than the primary cuticle, usnally being
about 7 microns. The secondary euticle 1s built by the cells of the
epithelial attachment; since in later periods of life the epithelial
attachment is found on the surface of the root, the secondary cuticle

I' It has been the author's observation that it is very diffieult for anvbody, and
particnlarly for the undergraduate student, to find his way through the lirge amonnt
of evidence and controversinl opinions brought forth in the liternture on caries
during the last decade. The author, therefore, recommends the articles hy R, W.
Bunting (Jour. Am. Dent. A=sn., 1931, 18, 785 and by K. G. Kesel (Jour. Am.
Dent. Assn., 1932 19, 903) as a very excellent starting point for the study of the

recent investigntions of dental earies. Both articles also contain an ample biksliog-
raphy on this subjeet.



HISTOPATHOLOGY OF TEETH WITH DENTAL CARIES GO

can also be observed on the cementum. — In this sense it is generally
spoken of as “ cuticula dentis.”

The most important characteristic of the secondary cuticle is the
fact that it consists of a horny substance (keratin). The presence
of horn is evident from several observations:

The secondary cutiele is highly resistant to acids and alkalis:
this resistance is typical of all horn substances, In decalcified teeth,
the secondary cuticle remains after all the enamel has disappeared.

It 1s possible to stain the secondary cuticle with stains that are
specifie for horn (Gram-Ernst method of staining horny substances)

The secondary cuticle is formed by that portion of the epithelial
attachment that corresponds to the stratum corneum of the oral
epithelium.  Orban has shown that the cuticula dentis is the result
of a process of keratinization of the cells of the epithelial attach-
ment (see Fig. 232). In that way the hornified cuticle may be
looked upon as a continuation of the protecting keratinous layer of
the oral epithelium over the erupted portion of the tooth.

The hornified secondary cuticle is not always found; its develop-
ment seems to be subject to individual variations. In mouths in
which the gingival epithelium seems to have little tendency toward
formation of a horny layer, the cuticula dentis is usually poorly
developed or entirely missing, while in other mouths a typical
hornified cuticula dentis is present on every tooth. It must also
be mentioned that in erupted, functioning teeth the cuticula dentis
can be found only in those areas of the tooth surface that are pro-
tected from the direet influence of mastication, namely, in the
gingival portion of the teeth, on the approximal surfaces, and in
the bottom of the grooves and fissures. In all other parts of the
tooth surface the cuticle is worn away.

In order to study cuticle and lamelle, it is essential to use both
cround and decaleified sections.  In ground sections the enamel is
preserved, but the non-caleified structures, especially the cuticle,
cannot be well differentiated.  In decaleified sections the enamel is
lost, but cuticle and lamelle are left behind; they can be stamed
and examined under the microscope.  Only by combining the evi-
dence gained from these two types of sections can one fully under-
stand the relationship between the organie structures i and around
the enamel.

In a ground section made at right angles to the long axis of a
tooth, a lamella appears as a dark line running from the tooth
surface into the enamel and sometimes extending into the dentin
(Fig. 47). If a seetion m an identical plane is made through a
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decaleified tooth that has been embedded in celloidin, an entirely
different picture is found. The enamel having disappeared, the
lamella, an organic band supported by the surrounding enamel, has
lost its support and has formed folds. By using special precautions
during decaleification of the enamel and embedding of the specimen,
it is possible to hold the cuticle in its original position after the loss
of the enamel. Then the relationship between cuticle, lamella, and
dentinal part of the lamella is especially clear; it seems not surpris-
ing that outer influences can easily reach the dentin along a lamella.

The enamel lamellie were first deseribed by C. FF. Boedecker, who
speaks of leaf-like processes of organic substance extending from

.l

Fig. 47.—Enamel lamella. Ground section, unstained. [E, enamel: I, dentin,
L, lamella; DL, dentinal part of the lamella; T, tufts.

the dento-enamel junction to the enamel surface. Gottlieb later
showed that the lamelle® do not necessarily end at the dento-
enamel junetion, but that some of them extend into the dentin
(Fig. 47). In 1921 Gottlieb ealled attention to the role of the enamel
lamelle in the progress of caries from the tooth surface to the dentin
as well as to the importance of the hornified cuticle as a protection
against dental caries. Since then the significance of the enamel
lamellze in the caries problem has been studied and emphasized by
several authors (Barker, Euler-Meyver, IFaber, Orban).

Why is it, then, that bacteria present in the oral cavity do not
in every instance invade the organic substance of the enamel



HISTOPATHOLOGY OF TEETH WITH DENTAL CARIES 71

lamellee and cause decay? - Here is where the structure of the cuticle
has to be considered.  As stated before, the erupted enamel surface
is usually covered by a keratinous layer in all areas that are not
directly exposed to mastication, especially in its cervical portion
and m the pits and fissures. Since keratin (horn substance) is
highly resistant to acids, the hornified cuticle is a protection of the
enamel surface against the action of acid-producing microsrganisms.
The hornified cuticle also covers the outer part of the enamel lamel-
le where the latter reach the enamel surface. Orban has shown
that the hornification may extend into the lamella itself by a trans-
formation of the peripheral portion of the lamella into horn sub-
stance (Fig. 48). Under these circumstances the lamella is, by the

Fia, 48, —Hornified (secondary) cuticle and enamel [amella. The peripheral part
of the lamella is formed by a duplicature of the euticle.  Decaleified zection. O,
cuticle: HL, hornified outer part of the lamella; L, inner part of the lamella con-
gigting of organic material without hornification. The lamella has been torn looge
from the dentin and has folded up after the deealeification of the enamel.

presence of a hornified eaticle, just as much protected against bae-
terial Invasion as is the rest of the tooth surface. On the other
hand, teeth are encountered without hornified euticle and without
hornification of the peripheral endings of the lamelle. Such teeth
are, no doubt, less resistant to bacterial activity. Thus, the pres-
ence or lack of a well-developed hornified cuticle on the enamel
surface seems to be an important contributing factor in the varying
susceptibility of different individuals to dental decay.

2. Caries of the Enamel.—DMany investigators have made a com-
prehensive study of caries, particularly the clinical side of the disease
with reference to restoration and prophylaxis. The author, how-
ever, intends to go more into detail on some of the recent micro-
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scopic findings in this field and to bring out a few points which are
comparatively new in dental literature.

Clinically, we can differentiate between caries of the smooth
enamel surfaces (approximal and gingival enamel surfaces) and
caries of the grooves and fissures. The decay of the smooth enamel
surfaces will be considered first. g

(a) Caries of the Smooth Surfaces of the Enamel.— A preliminary
stage in the development of caries on a smooth plane of enamel is
the presence of a so-called plaque on the surface of the tooth. A
plaque is an accumulation or film of soft material on the tooth
surface; microscopically, it consists of microdrganisms (mostly of
the leptothrix family), of mucus, and of desquamated and degen-
erated cells.  Under the protection of these masses, different bacteria
develop and grow, among them the acid-producing forms (Bacillus
acidophilus).

The formation and localization of the plaques is largely influenced
and controlled by masticatory conditions, by form and arrangement
of the teeth, and by the status of oral hygiene. The cusps and
incisal edges are normally never the site of plaques, except in the
case of hypoplastic pits, as mastication and grinding make any
accumulation of material in these areas impossible. The favorite
localizations for plaques are the gingival portion of the crown, the
approximal surfaces, and the depths of pits and fissures. IHere
plagques can form without being disturbed by mastication unless
they are removed by use of the tooth-brush or other mechanical
force.

The presence of a plague may lead to decaleification and caries
of the underlying enamel. Whether or not such decay actually
develops depends upon several factors. Ome of these factors is, as
already mentioned, the presence and the condition of the hornified
cuticle. A tooth with a well-developed hornified cuticle offers
greater resistance to decalcification by acid-producing organisms
than a tooth without such protecting cuticle. Another important
factor is the time element. Unless the plaque is allowed to remain
undisturbed over a certain period of time, no decaleification of the
underlying enamel will oceur.  This can be observed especially in
children with poor oral hygiene who show superficial decaleification
of the enamel beginning under large plaques.  If these children are
taught to remove the plaques by using a hard tooth-brush properly
and regularly, the process of decay may come to a complete stand-
still.

Most important is the presence or absence of acid-producing
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microdrganisms i the plagues. Under plagues contaming such
microirganisms the enamel will soon become decalcified. Plaques
that do not contain acid-forming bacteria may be able to cause
gingivitis but no caries.

The relationship between tooth surface, euticle, and placue is
illustrated in Fig. 49, which was taken from a horizontal section
through a central incisor at a level slightly erownward from the
bottom of the gingival crevice. The specimen had been decalcified
and embedded in celloidin. The same series of sections was used
for some of the illustrations in the publication of Gottlieh in which
he pointed out the importance of cuticle and lamella for the devel-
opment of dental caries. In these sections the enamel has been lost

Fra. 49.—Horizontal section through gingival portion of an upper central ineisor,
Decaleified seetion. 1D, dentin; E, space formerly oceupied by the enamel: BP. hae-
terial plague on the enamel surface; CU, hornified cuticle; L' and LY, enamel lamell @
torn loose from the dentin and folded.

by decaleification during the preparation of the specimen. Plaques
are present on both the mesial and the distal side of the tooth,
These plaques, which in the original specimen are stained deep blue,
consist mostly of bacteria. The portion of the enamel surface that is
free of plaques is covered by a continuous hornified cuticle, At
intervals lamelle extend from the tooth surface toward the dentin.
some of these lamelle connect with the hornified ecuticle om the
enamel surface; others lead into the dark masses of the plaque. In
the latter case the peripheral part of the lamella: can be seen invaded
bv microdrganisms (Fig. 50). This 1s especially plain in the lamella
Hlustrated in Fig. 51. This lamella has been torm loose from the
dentin and has folded up. At the point of the enamel surface where
the lamella originates, a distinet accumulation of Tlli{'l‘lliiT';.{':llli:i]]]:i
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is found ; these organisms have also invaded the peripheral portion
of the lamella itself. This condition can be interpreted as the
earliest onset of caries: although neither enamel nor dentin 15 as yet

Fra., 50, —High magnifieation of a part of the plague in Fig. 49. P, plague; L,
lamella; DL, dentinal part of lamella; CU, hornified euticle; P', peripheral portion
of the plague overd ving the hornified cuticle.

actually affected, masses of microdrganisms are present at the
- k B Fiy

peripheral end of the lamella, ready to invade the enamel. The

accumulation of bacteria in this area 1s :ip]iem'nt]}' made possible

Fio. 51.—Higl magnification of 2 lamella under a bacterial plague (Fig. 49, L"),
P, plaque; B, accumulation of bacteria around the peripheral end of the lamella;
.. peripheral portion of the lamella showing baeterial invazion: DL, attachment of
the lamella to the dentin from which it has been torn loose after the decaleification of
the enamel.

or at least facilitated by the presence of the plaque that covers and
protects the microirganisms.

In a still higher magnification of a plaque covering an enamel
lamella, the composition of the plaque can be recognized (Fig. 52).
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Most of it consists of an amorphous mass in which cell outlines are
visible in some places.  Near the tooth surface grows a colony of
microdrganisms forming long filaments (leptothrix?); still closer to
the enamel we find an acenmulation of bacteria (in the actual speci-
men dark blue) that have entered the peripheral part of the enamel
lamella present in this area.

The early stages of caries on the smooth enamel surfaces can be
studied best on ground sections that run through the tooth so that
they include a small area of discoloration (white or brown spot) or
superficial destruction of the enamel. In such sections the earliest
lesions of caries appear microscopically as a superficial decalcifica-

Fic, 52.—1ligh magnification of a lamella under a plaque. M, mierofrganisms
(leptothrix?) forming long flaments on the enamel surface: B, bacteria on the enamel
surface; CTJ, remnants of a hornified euticle; L, lamella, the peripheral portion of
which haz been invaded by microdrganisms.

tion of the enamel without loss of substance on the enamel surface
(Figs. 53 and 54).

In order to understand the phenomenon during pathological
decalcification, it is necessary to consider briefly the physiological
process of ealeification of the enamel. The human enamel consists
of prisms and interprismatic substance. The prism itself is formed
by the union of numerous calcified globules or droplets (calcospher-
ites) that are deposited successively by the ameloblast into the space
bordered by the interprismatic substance or prisin sheath. These
globules caleify first; next follow the portions of the prism between
the globules, and finally the interprismatic substance. In case of
decaletfication the loss of inorganie salts oceurs in the reverse order:
that part of the enamel which became calcified last is decaleified
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first. Thus the interprismatic substance is decalcified first, which
process is immediately followed by the decaleification of that portion

i
Fra. 53.—Buperficial caries of the enamel on the labial surface of a tooth near the
gingival margin {clinieally a “white spot’’). B, bacterial invasion of the enamel;

X, deepest point of decaleification of the enamel; TS, transverse stristion of the
prisms at the borderline between normal and decaleified enamel: E. normal enamel.

Fic. 54.—High magnification of Fig. 53. DE. superficial decaleification and disin-
tegration of the enamel; P, decaleified and infected enamel prisms.

of the prism that united the individual caleospherites. Thereby
these individual segments or divisions of each enamel prism become
visible, giving the prism a segmented appearance; in the enamel as
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a whole this phenomenon is ealled transverse striation, because the
segmentation of each prism is manifested by dark lines running at
right angles to the rods (Fig. 55). The same appearance of trans-
verse striation may be observed when a ground section through
normal intact enamel is exposed to the action of a diluted acid under
the microscope; as soon as the enamel is reached by the acid, the
rods begin to show this segmentation. Therefore, the assumption
that this phenomenon is the expression of beginning caleification
seems to be well supported.

Another important phase in connection with early caries of the
enamel is the distinet appearance of the stripes of Retzius (Fig. 56).
The stripes of Retzius are dark lines in the enamel that run more or
less parallel to the enamel surface. They are also called develop-
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Fig. 55.—Transverse striation of the enamel prisms in the periphery of a carious
lesion of the cnamel.

mental lines as they mark varations in the caleification of the form-
ing enamel.  Periods of good calcification alternate with periods of
poor caletfication while the rods are forming; thus stripes result
that are arranged at an angle to the course of the rods. In poor
caleification of the enamel (disturbanece during the formative period,
rickets), the stripes of Retzius are very pronounced: the dark lines
represent the corresponding zones of poor caleification in each
prism, the light lines the ones of good calcification.  According to
the modern ideas of caleification, the precipitation of caleium salts
from a solution is not a continuous process, but oceurs periodically,
Liesegang, who made a study of the preeipitation of inorganic salts
from solutions, comes to very interesting conclusions. In a paper,
“Cyele Formations in Nature,” he discusses the fact that most of
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the processes in nature occur not continuously but in eyeles or
periods. He differentiates between “exogenous eyeles™ and “endo-
genous cveles.” An example of an exogenous eyele is the sedimenta-
tion of sand by a river in layers of different colors and thickness.
In spring the melting snow increases the amount of water and the
amount of erosion, and as a result more and different sediment is
deposited than in the dry season. The rings in the wood of trees
are caused by alternations of density controlled by the seasonal
variations in growths.

As to the “endogenons cyveles,” Liesegang gives a very instructive
example. If an aqueous solution of colorless silver nitrate and an
aqueons solution of orange-colored potassium bichromate are mixed,
insoluble, amorphous red silver chromate is immediately precipit-
ated. In another experiment the potassium chromate solution is
mixed with so much warm gelatin solution that after cooling off it
forms a firm gelatin, If silver nitrate solution is poured on top of
this gelatin, the solution will gradually enter the gelatin by diffu-
sion, which takes several days. In this case, too, the insoluble red
precipitate of silver chromate will form, but not uniformly through-
out the gelatin. Rather will it be found that, if proper concentra-
tions of the salt solutions were used, there will be red layers in the
gelatin alternating with colorless zones, arranged parallel to the
surface of the gelatin or at right angles to the direction of the diffu-
sion. How can this phenomenon be accounted for? There 1s no
doubt that the diffusion of the silver solution is continuous and
uniform throughout the gelatin; still, we find distinet layers of pre-
cipitation. The following explanation is offered: Silver chromate
forms continuously as the silver solution enters the chromium gela-
tin. Iowever, the silver chromate is not precipitated immediately
but remains in solution until the solution is over-saturated. Then
at a certain point, the precipitation of all the silver chromate from
the oversaturated solution occurs suddenly, causing a zone of red
precipitate in the gelatin. After that it again takes a while until
enough concentration is attained to cause precipitation, hence the
colorless zone in the gelatin.  Thus the uniform process of diffusion
is transformed into a rhythmic precipitation of the forming salts.

Liesegang uses a very good physical rather than chemical com-
parison for this phenomenon that is otherwise rather hard to
imagine. If a faucet is turned on, the water will run out n a
uniform, continuous stream.  If, however, the faucet is nearly shut
off allowing only drops to pass, the small amount of water will not
drop immediately after passing the faueet; it will hang there for a
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while until the last milligram of water causes the drop to fall, taking
along all the water that was present; then again it takes a while
until enough water has accumulated for another drop to fall.
Thus, the constant flow of water through the faucet is transformed
into rhythmie drops, in the same way in which the constant dif-
fusion of a solution leads to rhythmic precipitation.

In the caleifications that occur in living organisms the expression
of this rhythmic precipitation is very commonly found. Gall stones,
pearls, denticles show a concentric lamellated structure (see Fig. 39).
In all these cases the inorganie salts that originally were in solution
in the surrounding medium are not precipitated uniformly but in
eveles, thus causing the presence of zones in the caleified material.

Fra. 56.—Marked stripes of Retzius in the superficial laver of enamel in the
periphery of a ““white spot.”” SR, stripes of Retzius: X, heginning decalcification of
the interprismatie substance in the enamel between the stripes of Retzing: E, normal
elarme]

The same is true of the caleifving enamel.  The enamel calcification
is a process of precipitation of morganic salts into a colloidal matrix.
If the supply of these salts is abundant, the precipitation will he
rather constant, and no stripes of Retzius will be visible. If, how-
ever, the supply of mineral salts is limited, zones of abundant pre-
cipitation will alternate with zones of poorer caleification; then this
rhythmic deposition will find its morphological expression in the
stripes of Retzius.

During decaleification of the enamel by caries the stripes of
Retzius will become very marked through the loss of imorganie salts;
they are then found in the involved strata of enamel only; whereas,
they are almost or entirely invisible in the deeper intact lavers of
enamel,
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Fig. 56 shows the appearance of the stripes of Retzius in a very
early stage of superficial decalcification of the enamel. This con-
dition can hardly be called caries, although an actual loss of inor-
ganic salts seems to have taken place. From this illustration it
can be plainly seen that the stripes of Retzius are the optical expres-
sion of the fact that each individual enamel prism, at regular inter-
vals, shows a dark zone of poorer calcification.  All these zones
together appear as lines. In some places begiming decaleification
of the interprismatic substance can be noticed.

In case of active enamel caries on a smooth surface of the tooth,
the lesion usually extends nto the enamel in the form of a cone
(Fig. 57) with the base located on the enamel surface, and the tip
pointing toward the dentin.  On the enamel surface bacterial inva-

Fia. 57.— Decaleifieation of the enamel (* white spot’’) on the approximal surface
of a bicuspid. The area of decay in the enamel has the shape of a cone with the hase
on the enamel surface and the tip pointing toward the dentin. 1, area of bacterial
invasion of the enamel: 2, loss of prism strueture; 3, transverse striation; 4, normal
cnamel,

sion and begiming disintegration of the decaleified enamel prisms
can be noticed : this is followed by a zone in which the rod structure
is partly lost; then, next to the intact enamel, follows a zone of
transverse striation as an expression of just beginning calcification.

Sometimes the triangular shape of the decaleified area is due to
the presence of an enamel lamella, along which the progress of the
decay is faster than in the surrounding enainel,

All the conditions illustrated in Figs. 53 to 57 correspond to what
is clinically known as “white spots’” or “brown spots.”  They are
conditions of actual enamel decaleification without loss of substance
of the enamel surface. Whether such a decaleified area is white or
brown depends largely upon the age of the patient and the rapidity
of the destructive process.  In children, the decalcified spots appear
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white, as the mvolved enamel has lost its normal translucency and
has become opaque and chalky. Such areas of superficial decalcifi-
cation may develop into true carious defects, or they may remain
stationary for a long time, even for a lifetime. If the process of
caries is slowed down considerably or completely arrested, the white
spots gradually become brown by pigmentation. The latter is
observed, for instance, when a tooth has been extracted, thereby
exposing a caries mark on the adjacent surface of a neighboring
tooth. Then the lesion lies in a self-cleansing area, the decay usu-
ally stops, and a brown spot develops. Whether such superficially
decaleified areas of the enamel can actually become recalcified is
still under discussion.  Some investigators claim that such a repara-

Fi1G. 558, —Caries of the enamel. Shallow defect in the enamel. 1, original enamel
surface; 2, defect in the enamel; 3, dark brown pigmentation of the carious enamel :
4, ennmel showing transverse striation: 1, dentin,

tive calcification is possible (Pickerill, Head; Andresen's theory of
remineralization of the enamel), while others deny this possibility
or at least do not consider recaleification of the enamel as proved
(Weber). The author does not believe that an actual “remineral-
1ization™" of such an early carious lesion is possible. The brownish
spots that are observed where superficial decay has once started
appear under the microscope as a very slow, chronic form of caries:
therefore, it would appear more appropriate to speak of “arrested
caries’ than of “healed caries” or “recaleification.”

As the process of caries reaches the dentin the enamel surface is
nsually already destroved to such extent that with the tip of an
explorer a marked roughness or softening of the enamel will he
noticed, due to the loss of the superficial enamel rods following decal-

(]
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cification of the mterprismatic substance (Fig. 58). If the surface
of the decayed and softened enamel is examined under high magnifi-
cation, it can be seen how the prisms separate, apparently as a
result of the decaleification of the mterprismatic substance (Fig. 59);
finally the peripheral ends of the prisms fade away in the mass of
bacteria and detritus overlying the carious enamel.

In summarizing, the histological picture of acute caries of the
enamel would usually show the following changes in the enamel
rods: near the outer surface of the enamel a complete decalcification

Fig. 59, — Deealeification and disintegration of the enamel prismz. Lozs of inter-
prismatic substance. 1, hacteria and detritus; 2. disintegration of the prisms; 3,
enamel prisms separated through decaleification of the interprismatic substance;
4, transverse striation of the prisms; 5, intact enamel.  (Decaleified section.)

and softening of the prisms, nearer the dentin surface beginning
decalcification and loss of prismn structure, and nearest the dentin
surface transverse striation of the enamel rods (earliest evidence of
decaleification). It must be emphasized, however, that these dif-
ferent stages cannot always be found, nor do they always occur in
a set order; certain deviations can be observed, depending upon the
individual case.

(h) Caries of the Grooves and Fissures.— Caries of the grooves and
fissures presents itself somewhat differently from caries of the smooth
surfaces.  The destruetive process spreads rapidly from the bottom
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of the fissure into the surrounding enamel and soon reaches the
dentin, which is usually not far away from the deepest point of the
fissure.

The microscopic examination of the occlusal surface of normal
human teeth reveals wide variations in the depth of the fissures.
sSometimes the fissures are rather shallow, so that a thick laver of
enamel separates the bottom of the fissure from the dentin, while
im other instances very deep fissures are found: then the bottom

7 P g
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ﬁ.’! Fia. 61. Beginning caries of the

enamel at the bottom of an ocelu=sal

Fra, 6. —Deep intact occlusal fissure fissure. BY, bottom of fissure; CL, caries

in a iuw:rr molar; ., enamel: T, fissure of the enomel : 1S, transverse strintion of

flled wi ritug; BF, bottom of fizsure; the enamel prisms; E, normal enamel;
DE, defito-emamel junetion; 12, dentin, I, dentin,

of the fissure is located almost at the dento-enamel junction.  Fig,
60 shows such a deep fissure in a lower first molar.  The fissure is
filled with detritus, and the surrounding walls of enamel are intact
except for a minute pigmentation in some places.

In view of the occurrence of fissures of the type Hustrated m
Iig. 60, one is again reminded of the extreme difficulty of giving a
satisfactory :*,‘-{]}];ﬂ].‘itiun of the 1!['{I}l]!"lll of dental caries. There is
no doubt that such a steep, narrow cleflt i the enamel presents an
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ideal breeding place for microdrganisms.  Still in some mouths such
fissures or deep grooves stay intact throughout life, while in other
mdividuals all ocelusal fissures show extensive decay.’ It may be
appropriate to recall in this connection the complexity of factors
that may be imvolved in the development of dental decay: charac-
ter of saliva, variations in the types of microdrganisms of the oral
cavity, condition of the enamel cuticle, condition of the enamel
lamellee, and structure and calcification of the enamel. It seems
reasonable to assume that no one of the above-mentioned factors
can be held selely responsible, but that susceptibility and immunity
to dental caries are the result of the combined action of two or more
of these etiological factors. At any rate, from a microscopic exam-
mation of fissures, one gains the impression that there is nothing in
the structure of the fissures that can be used to explain the presence
or absence of decay ; all deep fissures present an area of predisposition
to decay, and the histological structure does not give an explanation
of why some of them do decay and others do not.

As already mentioned, occlusal caries usually originates at the
bottom of the fissure (Fig. 46). From here the process of decaleifi-
cation follows the general direction of the enamel prisms, so that
the changes in the prisms are the same as m caries of a smooth
enamel surface (see page 82): complete destruction of the prisms
at the bottom of the fissure, next a zone of decalcification of the
interprismatic substance, then a zone of transverse striation, and
finally the normal layer of enamel next to the dento-enamel june-
tion (Fig. 61). Since the enamel prisms diverge from the bottom
of the fissure toward the dento-enamel junection, the decayved enamel
usually forms an approximate cone. The tip of the cone is located
at the bottom of the fissure, its base at the dento-enamel junetion
(Fig. 62). In addition, the decay spreads from the walls of the
fissure so that sooner or later the superficial lavers of enamel are
undermined and lost, with resulting widening of the fissure and
roughening of the enamel margins (Fig. 63). In other cases, how-
ever, the enamel in the oeclusal portion of the fissure stays intact
at first; the decalcification and destruction of the enamel spreads
for a considerable distance along the dento-enamel junetion, under-
mining the clinically healthy-appearing enamel around the opening
of the fissure. Thus we find cases in which the tip of the explorer
after passing an apparently intact or only slightly discolored or
chalky fissure encounters extensive softening and deeay of the
deeper strata.

Because of the rapid spreading of decay along the dento-enamel
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Junction, the enamel may become decaleified from within (secon-
dary caries of the enamel). This process accelerates the underminine
and breaking-in of the non-supported enamel, i

Due to the close relationship between the fissures and the under-
lving dentin, the latter is usually involved very early. Most of
the cases of occlusal decay of the enamel show transparency of the
dentin, and frequently beginning decalcification and caries of the
dentin.

Fre, 62, —Caries at the bottom of
an oeclusal fissure. X narrowest point

of the fissure; WF, widening of the Fra, 63.—Advanced caries of an oe-
fissure caused by destruction of the clusal fissure of a lower molar. T, fissure
enamel; CE, ecariouz enamel at the widened by destruction of the enamel:
bottom of the fissure; DE, ecaries CE, carious enamel of the bottom of the
reaching the dento-enamel junction; fissure; DE, dento-enamel junction; CD,
TD, transparent dentin, caries of the dentin; PC, pulp chamber.

3. Caries of the Dentin,— (a) Significance of the Enamel Lamelle
wn the Early Development of Caries of the Dentin. Early Stages of
Caries of the Dentin,—Caries of the dentin is unique because of
the role that the dentinal tubules and their contents play in the
progress of the decay. In the enamel a considerable amount of
acidity is necessary to decaleify the prisms and to make possible
the involvement of deeper strata; in the dentin the pathways for
the invasion and the spreading of microérganisms are predetermined,
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and it is, therefore, not surprising that acute caries of the dentin
shows a much more rapid course than caries of the enamel. On the
other hand, the very same structures in the dentin that facilitate
the spreading of the decay, namely, the Tomes’ fibers, are capable
of producing a defense reaction consisting of the formation of a cal-
cified barrier. Thus, caries of the dentin of a tooth with a healthy
pulp differs basically from caries of the enamel in that the enamel
appears morphologically inert and does not show any evidence of
a vital reaction to the advancing microirganisms, while the living
dentin reacts with a specific protective mechanism.

—— Fig. 65 —Transparent dentin

Fic. 64.—Transmission of enamel caries around the dentinal part of an
to the dentin by way of a lamella. 1, enamel lamella, CE, superficial
superficial structureless laver of carious caries of the enamel; E, normal
enamel: 2. zone of bacterial invasion: 3, enamel: L, enamel lamella; DL,
zgone of transverse strintion; 4, normal dentinal part of the lamella; TD,
enamel: 5, dentin: L, enamel lamella; DL, transparent deniin; NI}, normal
dentinal part of the lamella. dentin.

Since the enamel lamelle are of great importance to the onset of
-aries of the dentin, a few specimens illustrating lamelle and dentin
caries will be illustrated here, and in this connection the changes in
the dentin will be diseussed.

In Fig. 64 the relationship between enamel caries, lamella, and
dentin is very plain. The enamel shows the various zones that were
deseribed as being characteristic of early carious lesions: a struc-
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tureless, brown layer of the surface followed by o stratum of enamel
that is invaded by microirganisins along the prisms.  In the next
layer toward the dentin follows a broad zone of transverse striation
as an expression of the penetration of acid into this part of the
enamel. A lamella runs through the enamel and into the dentin.
Around the dentinal portion of this lamella the tubules are slightly
discolored, indicating the very beginning of caries of the dentin, Tt
can readily be assumed that microdrganisms from the infected
superficial layer of enamel can pass into the deeper intact enamel
strata and in that way reach the dentin, where they find much less
resistance to their decaleifving action.

Fig. 66.—High magnification of the border between normal and transparent
dentin in Fig. 65. ND, normal dentin: the tubules contain air and appear dark in
transmitted light; TD, transparent dentin: the lumen of the tubules is obturated hy
caleium salts.  The tubules appear light in transmitted light.

The reaction of the dentin to the irritation that is conveyed by
an enamel lamella is a condition that is called transparency of
the dentin (Miller) (Fig. 63). The term transparency originated
from the appearance of ground sections of dentin; in such sections
the areas of irritation appear lighter than the surrounding dentin,
In order to understand this phenomenon it is necessary to discuss
briefly the optical conditions present in dentin specimens.  After
normal dentin has been ground, treated with alcohol and ether, and
embedded in balsam, the tubules contain either air, remnants of
Tomes’ fibers, balsam, or, if the section has been stained, they
appear colored. At any rate, the substance contained in the
lumen of the tubule will have a different optical refraction from
that of the surrounding matrix; hence the tubule will appear as a



88 DENTAL CARIES

dark line in a light matrix (Fig. G6).  In ease of irritation or mjury
to the dentin, the Tomes’ fibers will become caleified ; that is, the
calcium salts that arve normally in solution in the content of the
tubules will be precipitated and the tubules will be obliterated by
inorganic material. As a result, the difference between the optic
refraction of the tubules and of the matrix is greatly decreased and
the dentin becomes transparent (Fig. 66, 7'1). Beust reported a
difference in the penetration of dyes into the dentin under different
conditions. While the dentin of young teeth stained readily from
the pulp chamber outward to the dento-enamel junction, he found
in older teeth areas which could not be entered by staining solutions.
Beust called these transparent areas sclerosed dentin, as they are
the result of a precipitation of inorganic salts into the tubules. He
found this change under abrasion as well as under caries; in either
case the sclerosis is indicative of a defense reaction of the Tomes’
fiber to external irritation. Beust also called attention to the
fact that sclerosis of the dentinal tubules is invariably found,
though to a varying extent, in teeth of individuals of advanced age,
regardless of outer irritation. Here the areas of transparency are
an expression of the gradual decrease of dentin vitality concur-
rently with the reduction of the size of the pulp chamber and regres-
sive changes in the pulp tissue (see page 40). It seems very
reasonable to assume that the slower progress of caries in the dentin
of old teeth may have something to do with the increased caleifica-
tion and decreased organie content of older dentin.  Since sclerosis
of the dentin always accompanies caries of teeth with vital pulps,
Beust comes to the conclusion that “an irritant acting on a fibril
commonly causes a reaction within the tubule leading to its com-
plete obliteration. Caries of the dentin, therefore, cannot be re-
garded as a simple proteolysis of dead tissue.” It should be under-
stood that in the dentin of a pulpless tooth caries actually is a simple
decalcification and proteolysis; the bacteria enter the dead dentin
and cause its dissolution without any defense reaction on the part
of the organism.

By treating areas of transparency around the dentinal part of
enamel lamelle with an alcoholic solution of diamond-fuchsin,
Orban found that the dye entered all dentinal tubules and their
ramifications except for the zones of transparency in which the
tubules did not stain at all. This indicated that these tubules
were completely obstructed; their staining properties were not
influenced by treating the section with ether, which proved that
no fatty or lipoid substance was present in the tubules. The con-
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tent of the tubules in the transparent arvea had the same optieal
properties as the dentin between the individoal tubules.

A simple comparison may help to make the optical dilference
between normal and transparent dentin clear. 1f a glass tube
contaiming air is submerged in water, it is plainly visible due to the
difference in the optical properties of water and air. If the air is
let out and water enters the glass tube, this difference is greatly
decreased ; the glass tube is then hardly visible. The air-containing
tube corresponds to the normal dentin with the optical difference
bhetween non-caleified tubules and caleified matrix. The tube con-
taining water represents transparent dentin; the optical properties
are homogeneous throughout.

In caries of the dentin, transparency of the dentin in the periphery
of the carious lesion 1s alwayvs found if the tooth under consideration
has a vital healthy pulp. The amount of transparency depends
upon the individual circumstances: age of the tooth, condition of
the pulp, rate of progress of caries. In that respect, transparency
of the dentin is rather similar to secondary dentin formation: both
occur as a reaction to irritation or mjury; both consist of the forma-
tion of a calcified barricade; both oceur more extensively if the
tooth is young and if the progress of the irritation is slow.

Recent investigations concerning the changes in the dentinal
tubules have revealed that the precipitation of caleium salts is not
the earliest expression of irritation. Rather has it been shown by
staining ground sections or frozen sections through transparent
dentin with fat stains (Sudan, scarlet red) that the calcification is
preceded by the appearance of fat droplets in the tubules.  Weber,
Euler, and Meyer have published specimens in which in the periph-
ery of sclerosed areas the content of the tubules stained bright red
with Sudan, indicating the presence of fat. Thus, in Tomes’ fibers
in case of irvitation, the zones are (i order from the periphery
toward the pulp): calcification (sclerosis), deposition of fat, normal
portion of the fibers,

Onece caries has involved the enamel, it, as a rule, is transmitted
to the dentin by way of the enamel lamellie. In stained sections
the invasion of the organic substance of the lamellie can be plainly
seen.  Sometimes the enamel surrounding the lamella is slightly
decalcified, showing transverse striation or discoloration; im other
cases the enamel around the lamella is not altered, and the decay
mvolves only the dentin at the point of attachment of the lamella.
Iig. 67 shows an early stage of dentin caries that was transmitted
from the superficially decayed enamel by a lamella.  On the surface
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the enamel is hrown and discolored, and in some places small defects
are present.  Slightly deeper the enamel shows transverse striation
indicative of begimning decaleification; near the dento-enamel
junction the enamel is normal. At L a lamella runs through the
enamel; at the point where the lamella reaches the dentin, caries
spreads along the dento-enamel junction and into the peripheral
portion of the dentinal tubules. The
infected tubules are surrounded by an
area of transparency in the periphery
of which normal tubules are visible.

Fia. 65 —Enamel lamella at ihe
bottom of an occlusal fissure of a molar.
Caries 15 transmitted through the
lamella from the fissure to the dento-
enamel junction. Decaleified stained

Fiag., 67.—Beginning caries of the dentin, spread- seetion. BF, bottom of ocelusal fis-
ing from the dentinal end of an enamel lamella. sure filled with detntus: L, enamel
1, superficial defeeis in the enamel; 2, decaleifica- lamella: E. enamel; CI}, caries of the
tion and diseoloration of the enamel: 3, transverse dentin  spreading  along  the dento-
strintion; 4, normal enamel; L, enamel lamella; enamel junction; IG, infeeted inter-
ID, infected dentinal tubules; TI), transparent globular spaces.  (Barker, Jour. Am.
dentin: NI, normal dentin. Dent. Assn.)

In decaleified, embedded sections, the close relationship between
lamelle and dentin caries can be plainly demonstrated. Fig. 68
shows a lamella running from the bottom of an ocelusal fissure to
the dento-enamel junction. The specimen was prepared from the
lower first molar of a child; through the preparatory decalcification
of the specimen the enamel was lost, and the lamella appears as a
strand of organic tissue. Where this strand reaches the dentin,
caries spreads along the dento-enamel junction and into the adja-
cent dentinal tubules. The interglobular spaces n the dentin are
also invaded by microdrganisms.  Barker has shown that in poorly
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caleified dentin the areas of uncaleified matrix between the caleified
globules are easily attacked by caries and offer little resistance to
the spreading infection of the dentin.

The first symptom of actual caries of the dentin is the invasion
of the tubules by microirganisms; next follows the decalcification
of the surrounding matrix by the acid produced by these micro-
organisms. The finer microscopic details of the mfection and
decalcification of the dentin will be shown in later illustrations:;
first, however, will be mentioned a phenomenon that is of greatest
practical importance, namely, the retraction of the decalcified den-
tin from the inner surface of the enamel and the formation of spaces
between enamel and dentin.

TG, 69, —Caries of enamel and dentin. Shrinkage of the decaleified dentin: the
dentin has retracted from the lower surface of the enamel, thus causing the formation
of zaps hetween enamel and dentin, CE, earies of the enamel; CID, carious dentin;
X, gap between enamel and dentin; TD, transparent dentin.  (Courtesy of Hist.
Lab., Dental Inst., Univ. of Vienna.)

The decalcification of the dentin matrix causes a reduction of
volume and shrinkage of the matrix. The direction of shrinkage 13
at right angles to the dentin surface, parallel to the course of the
tubules. Since the overlving enamel is less affected than the dentin,
empty spaces form at the dento-enamel junction which are bordered
by biconvex walls (Figs. 69 and 70). The presence of these spaces
is of great practical importance since it accounts for the ease with
which the enamel overlving decaved dentin breaks under the pres-
sure of a chisel or enamel hatchet. The dentin actually separates
and retracts from the enamel, depriving the enamel of its mechanical
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support.  In studying Fig, 70 it can easily be understood that,
although the actual opening through the enamel is small, the entire
enamel overlying the decaleified and retracted dentin will break
casily under slight pressure.

(b) Advanced Changes in Carious Dentin.—As caries penetrates
imto deeper layers of the dentin, the same order of changes in the
tubules can be observed that was originally found near the dentin
surface. Fig. 71 shows a portion of a stained ground section through
carious dentin. To the left of this illustration, dark masses of
decomposed dentin cover the surface of the carious cavity. Next
are visible dentinal tubules that appear dark brown because of the
presence of microdrganisms.  The next zone im the direction of the

Fre, 70 —Charics of dentin undermining the overlyving enamel through retraction
and shrinkage of the deealeificd dentin matriz, 15, enamel; X-X, spaee betweon
enamel and denting C1), earious dentin.,

pulp 1s one of transparency or sclerosis, indicating a disturbanee in
the metabolism of the Tomes’ fibers with a precipitation of caleium
salts in the tubules. Finally to the right, normal tubules are visible
appearing black, due to the presence of air that entered during
grinding. These various zones are especially distinet in the speci-
men llustrated in Fig. 72, which represents a stained ground section
through a deep oeclusal carions lesion in a molar tooth. The den-
tin in the periphery of the decayed area appears normal (Fig. 72, 5),
but further toward the surface the dentinal tubules appear darker
(Fig. 72, 4); this zone corresponds in its position and arrangement
to the zone of fatty degeneration of the Tomes’ fibers that has been
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described by some investigators. This zone is followed by a very
distinct light area of transparency that encireles the entire decayed
dentim (Fig. 72, 3). The latter appears dark, since the bacteria
and the decomposed content of the tubules assume a dark purple
or brownish color when the section is stained (Fig. 72, 2). The
cavity itself is lined by decomposed dentin (Fig. 72, 1). The study
of sections like that illustrated in Fig. 72, together with decalcified
embedded sections through carious dentin, has revealed that at
least five distinct zones can be differentiated in the dentinal tubules
of carious dentin. They are:

I. A zone of complete decaleifi- \
cation of the walls of the tubules b‘
and of the matrix with subsequent
decomposition of the decaleified
matrix.

2. A zone of beginming decal-
cification of the content of the
tubules by

acids produced by

!‘F.-;-..::El. Fqs gt

Fra. T1.—Caries of the dentin. Stained ground
section. 1, structureless decompozed dentin at
the bottom of the ecarious ecavity: 2, dentinal
tubules invaded by microtrzanizms: 3, zone
of transparent dentin; 4, normal dentinal
tubules.

b

Fra. 72.—Cariez of the dentin. Stained
pround section showing the various zones
in the dentin. 1, decompozsed softened
dentin at the bottom of the earious cavity
2, zone of decaleification of the tubules and
invasion by microdrganismsz; 3, zone of
transparceney; 4, zone of fatty degener-
ation and beginning ealeification of Tomes’
fibers; 5, normal dentin.

microtrganisms and subsequent invasion of the tubules by these

organisms.

3. A zone of complete obliteration of the tubules by calcification
(sclerosis) of Tomes’ fibers (zone of transparency).
4. A zone of fatty degeneration and beginming precipitation of

caleium droplets within the protoplasm of Tomes’ fibers.
5. A zone of undisturbed dentimal tubules containing normal

Tomes' fibers.
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Stages 3 and 4 are the result of the disturbed metabolism of the
Tomes' fibers as a reaction to a distant irritation; stages 1 and 2
are the result of the actual bacterial invasion and decaleification of
the dentin,

In teeth without vital pulps stages 1 and 2 only can be observed;
the microdrganisms spread rapidly along the open empty dentinal
tubules and are followed by decalcification and destruction of the
surrounding matrix.

The minute changes associated with the infection of the dentin
can be studied best in decaleified sections through dentin stained
with Gram. In such sections those tubules that have been invaded
by microirganisms are distinetly different from the surrounding,
non-infeeted tubules, Fig. 73 shows a section through a small,
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Fia. T3.—Bacteria invading the dentinal tubules at the dento-enamel junction.
BF. bacterial film on the dentin surface; IT, infected dentinal tubules and ramifi-
cations.
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carious lesion at the dento-enamel junction. The enamel has been
destroved; the surface of the dentin is covered by a dark film of
microirganisms that have begun to enter the endings of the dentinal
tubules. Thus the tubules and their terminal ramifications appear
dark against the lighter matrix. In the deeper layers of dentin the
bacteria can be seen travelling along some of the tubules, while
the surrounding tubules are still free of infection (Fig. 74). Furrer
called these first microdrganisms “pioneers,” which term appears
to be well chosen considering the fact that these bacteria actually
appear like scouts preceding the large army of dentin-infecting
hacteria. Soon more and more tubules become infected; we then
<o conditions like those in Fig. 75, in which all tubules in an area
of dentin are packed with mierodérganisms.

Observation of the pioneer bacteria in the dentin raises a ques-
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tion of great practical importance. In excavating carious dentin
from a cavity, the clinical borderline between decayed and health v
dentin is drawn according to hardness: as long as the dentin is so
soft that it can be cut with the excavator it should be removed ;

Fi. 74.—Beginning invasion of the dentin by microdrganisms. Two dentinal
tubules contain “ pioneer”’ microdirganisms. The caries progresses in the direction
indicated by the arrow.

when the dentin is so hard that the instrument gives a clicking
sound and does not cut easily, it is considered healthy. From the
microscopic study of carious dentin we know that the zone of bac-
terial invasion does not coincide with the zone of softening and
decalcification of the dentin: the bacteria in the tubules are always
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FiG. 75.—Generalized infection of the dentinal tubules, Each tubule is packed with
T T A SIS,

ahead of the actual decaleification of the matrix. The hard dentin
at the bottom of an excavated carious cavity, in all likelihood, is
infected.  On the other hand, we know from clinieal experience
that if such a cavity is properly filled, no further decay of the
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dentin oceurs despite the presence of bacteria in the dentin at the
hottom of the cavity. What is it then that stops the progress of
the pioneer microdrganisms in the tubules below the filling? It
must be assumed that lack of moisture, lack of food supply, change
in oxvgen tension, and discontinuation of the supply of new bacteria
from the carious cavity are sufficient to overcome the microdrgan-
isms in the deeper tubules. In addition, the pulp throws up a
harricade by calcification of the tubules and by secondary dentin
formation: thus, the bacteria are enclosed between the filling on one
side and the reactive calcification on the other side and cannot
spread any further. IHowever, in view of the presence of these
“bioneers” in the tubules at the bottom of the cavity, the application
of a dentin disinfectant, such as phenol or mercury bichloride, hefore
insertion of the filling appears well justified.

mii- +
S ' T

Fia. 76.— Besinning distention of the infested tubules by the growths of baeteria
and by the decaleification of the snrrounding dentin matrix. Beaded appearance of
the infected tubules,

The microtrganisms in the dentinal tubules, being an acid-pro-
ducing type, decalcify the matrix that forms the walls of the tubules:
this decaleified matrix is then destroyed, probably by proteolytic
ferments produced again by the bacteria. In some of the tubules
the bacteria form colonies which, by their growth, distend the
tubule at the expense of the surrounding softened matrix (Fig. 76).
The tubules assume a beaded appearance. As dentin decaleifica-
tion and destruction progresses, the matrix between the distended
tubules is completely destroyed and transformed into a soft, crumbly
mass: oblong eavities form in the dentin parallel to the direction of
the tubules. They are the result of the breaking down of the
matrix and of the coalescence of a number of infected tubules, In
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Iig. 77 this process of cavity formation within the carious dentin is
Hlustrated. On the right side of the fizure, many infected tubules
can be seen.  The tubules coalesce and, by morbid dilatation of the
walls, form a larger cavity that is filled with broken-down matrix
and bacteria. That such cavities actually grow by expansion
rather than by dissolution of the walls 1s indicated by the condition
of the tubules in the surrounding decaleified dentin.  The tubules
in the periphery of the cavity show a marked deviation from their
normal straight course; at the same time their width is reduced by
compression.  Both deviation and narrowing of the tubules are
infallible symptoms that the dentin in this area, although otherwise

. S

Fra. 77.—Cavity in the dentin formed by coalescence of infected dentinal tubules,
The cavity contains detritus and bacteria, O, eavity; 11, infected dentinal tubules;
X, deviation and compression of the tuboles in the deealeified dentin in the periphery
of the cavity.

of normal appearance, has been decaleified and has a soft cartilag-
inous consistency.  One would almost be tempted to speak of an
abscess of the dentin, were it not for the fact that no cellular
elements (pus) are present in the cavity, only necrotic dentinal
matrix and bacteria,

Eventually the individual areas of breaking-down dentin coalesce,
and the entire dentin is transformed into a soft, structureless mass.
In a photograph of decayed infected dentin under high magnifica-
tion, this transformation can be plainly seen (IFig. 73). On the
left-hand side of this illustration, the dentin contains numerous
infected tubules.  Close to the surface these tubules coalesce, form-
ing large, necrotic cavities; finally, the most superficial dentin is

7
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completely decomposed and structureless. The carious surface is
covered by a dense film of microdrganisms, chiefly saprophytes, that
dispose of the necrotic dentin remnants (Fig. 79).

In many specimens of dentin earies, cavities or clefts can be
observed that run at right angles to the course of the dentinal
tubules (Fig. S0). This arrangement of the elefts in the dentin
results from the course of the fibrils of the matrix. The dentinal
matrix is built up of very fine fibrils that run at right angles to
the Tomes’ fibers, namely, parallel to the dentin surface. In case of
decalcification and subsequent shrinkage of the matrix, the layers
of fibrils represent lines of cleavage along which gaps may form by

P, T8, —Advanced decomposition of the carious dentin, 1, disintegration of the
decaleified matrix; 2, formation of ecavities by coalescence of the infeeted tubules;
3, swelling and distention of the infected tubules: softening of the surrounding matrix;
4, infected dentinal tubules,

retraction of the walls. Naturally, these gaps follow the general
direction of the fibrils, which 1s at right angles to the dentinal
tubules. If a considerable amount of decayved dentin is present,
such as 1n the case of extensive ocelusal decay of a molar, large
gaps form in the decaleified dentin parallel to the original dentin
surface, while the general progress of caries occurs at right angles
to the surface (Fig. 81). Through this arrangement of the clefts
in the softened dentin, the removal of the decay by means of exca-
vators i3 greatly facilitated: the carious dentin peels off in layers
or flakes separating easily from the underlying hard dentin.
Finally, it is necessary to consider briefly earies of the secondary
dentin. In the preceding chapter the secondary dentin formation
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Fic. 79.—Superficial layer of carious and
decomposing dentin, O, large neerotic eavity
in the softened dentin cauging compression
and deviation of the surrounding  tubules:
I, disintegration of the softened dentin matrix
through the action of saprophytie micro-
OTEANISmS.

Fia., 530.—Advanced caries of the
dentin. Formation of eclefts at right
angles to the dentinal tubules. 1D,
infected dentinal tubules; C, clefts in
the dentin containing necrotic masses.
At X, the necrotic eontent of the
c¢lefta has fallen ouf.

Fra. 81, —Extensive occlusal earies in o lower molar. Formation of elefis in"the
carious dentin., O, large eleft arranged parallel to the dentin surfaee; 1D, infeeted
dentinal tubules; S, gecondary denting P, pulp.
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and its significance as a protective measure against caries has been
lustrated. As decay progresses through the primary dentin, sooner
or later it reaches the border between primary and secondary dentin
and involves the

atter (Fig. 82). The progress of caries in the

Fig, 82,—Caries of secondary dentin. PID, primary dentin; CP, earies of the
primary dentin; 8D, secondary dentin; CS, caries of secondary dentin; P, pulp in o
atate of baginning infammation (pulpitis).

:i:*{'nll{l:u"}' dentin is u:ﬂlmli}' somewhat slower due to the smaller
number of dentinal tubules and better calcification. The miero-

Frg, 83.—Caries at the borderline between primary and secondary dentin.  PID,
primary dentin; IP, infected tubules of the primary dentin; 8D, secondary dentin:
[2. infected irregular tubules of the secondary dentin.

scopic appearance of decayed secondary dentin is characterized by
the irregularity of the tubules and the resulting irregular distribu-
tion of infection (Fig. 83).

In older individuals, in whom part of the root is exposed, caries
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of the cementum can he observed.  In the primary cementum, the
microdrganisms follow the course of the fibrils: soon the cementum
is decaleified and the underlying dentin is involved (g, 81).

Fi1G. 84.—Caries of the cementum. PC, primary centum: CC. earies of the COMIEn -
tum. Disintegration of cementum inte its fibrille: CID superficial caries of the
dentin.

4. Chronic Caries.—Chronic caries of the dentin is occasionally
encountered on the occlusal surfaces of molars.  The exposed dentin
has a yellow, brown, or black polished appearance, and is very hard.
The etiology of this condition is that, in the course of undermining
by oeclusal caries, the surrounding enamel walls break off. The
softened dentin is exposed and worn away by mastication until the
hard, intact dentin at the bottom of the cavity is reached. The
smooth surface and the impossibility of the lodgment of ferment-
ing substances and microdrganisms prevent further decay of the
dentin. Under the microscope a limited number of microirganisms
is found in the superficial portion of the exposed dentinal tubules;
however, the lack of food retention and the absence of acid produc-
tion on the surface seems to hinder further development of these
microorganisms. The deeper layers of dentin are extensively scler-
osed; the pulp chamber is usually greatly reduced in size by secon-
dary dentin formation. This latter reaction of the pulp is very
essential. Exposure of the pulp can usually be avoided only by
the extensive building of secondary dentin under the decayved
portion of the erown.

In this connection the problem of so-called “healed dental caries™
should be discussed. The term healed caries is used by some inves-
tigators to indicate a condition in which no further destruetion and
dissolution of the dental hard tissues takes place in a earious lesion.
It is the author’s opinion that the use of the word healed is not
justified. Nothing indieates that carious dentin, once it has been
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decaleified, ever recaleifies, hardens, or heals.  There are no ana-
tomical connections present along which such a reparative process
could take place: the decayed surface is separated from the pulp
by the zone of transparency, and the decalcification of the matrix
13 always accompanied by proteolytic processes that make a resto-
ration of the dentin impossible. Therefore, instead of speaking of
healed earies, the term “arrested earies” should be used, indicating
that the process clinically does not make any progress. A good
example of arrested caries is the brown caries mark that is found
on the approximal surface of a tooth after a decayed adjacent tooth
has been lost. This brown spot, which otherwise probably would
have developed into typical soft caries, may remain unchanged for
decades after this part of the tooth surface has been transformed
into a self-cleansing area. The lack of food retention and plague
formation on the surface prevents further progress of the bacteria
in the tubules. A similar explanation must be offered for the cases
of arrested caries under the influence of a changed dietary régime
(see page 65). Iere the progress of the decaleifying microorgan-
isms is slowed down or perhaps is stopped by the changed conditions;
the exact mechanism of this phenomenon is still under discussion
and is at the present time the subject of extensive investigations.
In a case of arrested caries of this type the softened dentin in the
cavity apparently is lost and worn away so that finally the discolored
hard dentin at the bottom of the cavity is exposed. In the same
way chronic caries is not healed, but is arrested as a result of the
mechanical transformation of the deeayed surface into a self-cleans-
Ing areq.
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CHAPTER 1IV.
INFLAMMATION OF THE PULP (PULPITIS).

Tie pulp is an extremely sensitive organ which reacts very readily
to any irritation or injury. A severe injury may even cause imme-
diate death of the pulp, while a lesser injury causes a typical inflam-
mation known as pulpitis.

Not every injury to which a tooth is exposed leads to pulp inflam-
mation. Minor injuries, such as abrasion or superficial caries, do
not cause an inflammatory reaction of the pulp tissue but produce
another form of reaction, namely, the deposition of secondary dentin.
The inflammatory reaction seems to be the result of more severe
injuries that expose or nearly expose the pulp. In the latter case,
when the irritating factors act through a thin layer of intact dentin,
the individual resistance of the pulp tissue plays an important réle.
In one instance, the irritation from deep-seated caries or a large
filling will stimulate merely the formation of secondary dentin, and
the pulp tissue itself will not become inflamed; while in another
instance, a similar cavity or filling may cause typical pulpitis. In
every tissue reaction the factor of resistance of the tissue cells is of
decisive influence, and since the amount of this resistance 1s
unknown, it is impossible to determine how much of a certain
irritation will be necessary to produce a certain form of tissue
reaction.

The microscopic manifestations of pulpitis are typical of inflam-
mation as observed in other tissues, although there is a basic differ-
ence between the final outcome of pulpitis and the outcome of most
of the inflammatory processes elsewhere in the body. Nearly all
organs can survive a certain amount of inflammation; they may heal
either by resolution or by sear formation, but in either case the
organ as a whole may survive and continue to funection. This is
not true, however, of dental pulp. The location of the pulp tissue
inside a hard-tissue encasement renders the possibility of an inflamed
pulp’s healing theoretically very doubtful, and practically nil. Clin-
ical experience demonstrates that inflammation of the dental pulp
will lead invariably, either quickly or slowly, to complete destruetion
of this organ. In case of a mild injury and a resistant pulp, the
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process may continue for vears and even show HPOTL MICrOscopie
examination a marked tendency of the tissue to wall off the progres-
sing destruction. The final outcome, however, will always be necrosis
of the entire pulp.

The invariably unfavorable outcome of pulpitis is due to the
location of the pulp inside a rigid, hard-tissue capsule. Because
of little communication with the bloodvessels of the body, the
defensive mechanisms of the vaseular system of the pulp are limited.
The typical manifestations of inflammation: hyperemia, edema and
cellular infiltration, cause an increase in the volume of inflamed
tissue; in case of the pulp, in which the soft tissue is encased between
unyielding walls, any increase in size will cause increased pressure
and disturbed circulation, and the pulp will actually strangulate
itself.  Another basic difference between an exposure of the pulp
and a wound elswhere in the oral cavity lies in the fact that there
is no epithelial tissue in the pulp to play a part in the healing
process. Every exposure of connective tissue of the oral cavity will
finally heal by epithelization. In a pulp wound no such form of
healing is possible.

The only way in which an exposed pulp could possibly heal
would be by deposition of hard tissue (dentin) in the injured area,
forming a solid cover over the exposure. This form of pulp healing
is theoretically possible, and the different elinical methods of pulp
capping are based upon this possibility. But actual observations
in human teeth show that by far the majority of cases of pulp
exposure and pulp capping are followed by inflammation of the
pulp tissue with subsequent necrosis of the pulp rather than by
reparative, hard-tissue formation. These results have led to the
general belief that attempts to save an exposed pulp should, as a
rule, be discouraged in all but children’s teeth, in which a wide
foramen offers a better blood supply and in which the higher resis-
tance of the young tissue may present a greater chance for successful
pulp capping. The general statement can be made that, excluding
this one exception, every exposed pulp must be considered as the
seat of actual or future pulpitis, with final complete destruction of
the pulp. Hence, an exposed pulp is a lost pulp.

According to etiology, three forms of pulpitis can be differentiated :

1. Pulpitis due to bacterial invasion (infective pulpitis).
2. Pulpitis due to chemical irritation.
3. Pulpitis due to thermal irritation.

The first form, infective pulpitis, is the most frequent type,

having its inception in an invasion of the pulp tissue by bacteria
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from the bottom of a cartons cavity or through an accidental pulp
exposure (fracture, exposure during cavity preparation).

("hemical pulpitis 15 caused by the action of some toxie drug,
such as arsenie trioxide, upon the pulp tissue. Some of the silicate
cements also may be responsible for chemical pulpitis and death of
the pulp, for it is not an uncommon ohservation that pulps have
become inflamed and died under silicate fillings, probably due to
diffusion of some cell poison from the filling material through the
dentin into the pulp.

The third clinical form, pulpitis due to thermal irritation, oceurs
under large or deep-seated metal fillings without proper insulation.
After the insertion of such fillings thermal stimuli, especially cold,
are transmitted readily to the pulp and there register as soreness or
pain. The outcome will depend largely upon the individual resistance
of the pulp. Some pulps will be able to produce secondary dentin,
which reaction will express itself clinically as a gradually decreasing
sensitiveness of the pulp. In other teeth, the soreness will steadily
increase, and pulpitis will finally develop as the result of the
continued thermal shock.

HYPEREMIA OF THE PULP.

Before pulpitis develops, a preliminary stage of hyperemia is
frequently observed in the pulp. Clinically, pulp hyperemia is
characterized by marked sensitiveness to thermal changes, espe-
cially to cold. This sensitiveness is of temporary character, occur-
ring only upon the stimulation of cold water, ice cream, ete., and
subsiding as soon as the irritation is removed. Microscopically, a
marked dilatation and engorgement of all pulp vessels are found
in these cases; the outline of the vessels 1s shghtly irregular, indicat-
ing the beginning of injury to the vessel walls (Fig. 85). The
mechanism of the development of pulp hyperemia is as follows:
The arterial vessels pump an inereased amount of blood into the
irritated pulp (active hyperemia); at the same time a paralysis of
the contractile elements in the walls of the capillaries takes place,
causing dilatation of the vessel and delayed Aowing-out of the blood
through the veins (passive hyperemia). The pulp vessels at the
apical foramen pass through a narrow, rigid channel; therefore, if
the arteries are dilated, they automatically compress the veins and
increase the interference with normal cireulation.

Hyperemia of the pulp is a reversible condition. This means
that if the irritation is definitely removed, the pulp may return to
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normal; the bloodvessels may contract, and normal circulation may
be reéstablished.  In other cases hyperemia develops, without sharp
transition, into acute pulpitis, and then the pulp is lost. It is the
author’s opinion that in clinical practice the diagnosis of hyperemia
is often made in teeth that present merely increased sensitiveness
of exposed living dentin. In many cases of so-called hyperemia of
the pulp under a deep cavity, the dentin itself is extremely sensitive
to touch with an explorer point, and this phenomenon sugeests
hypersensitiveness of the dentin rather than an actual change in
the pulp tissue,

T.,* k;""?f..'# i :
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FiG. 85.—Hyperemia of the pulp. Dilatation and hyperemia of the pulp vessels.
The pulp tissue between the vessels is free from inflammatory changes, V, hyperomie
bloodvessel (vein); C, eapillaries near the odontoblastie layer; OL), odontoblasis;
I, dentinoid.

ACUTE PULPITIS.

The microscopic changes in pulpitis are rather constant and
typical regardless of the etiology of the pulp inflammation; however,
as infective pulpitis has by far the greatest elinical importance,
principally this tvpe of pulpitis will be described and illustrated.

In imfective pulpitis, as m every mflammatory process, we can
differentiate between acute and chronie forms.  Clinieally, the acute
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forms are manifested by acute pain, whereas the chronic forms cause
little or no paim. Microscopically the acute forms show all the
characteristics of an acute inflammation: enlargement of the blood-
vessels, slowing up of the circulation, accumulation of white blood
cells in the periphery of the blood stream, extensive migration of
these cells (leukoeytes) through the vessel wall, diffusion of blood
serum through the walls of the vessels, and mobilization of the cells
of defense (polyblasts) in the pulp tissue. Subsequent breaking
down of tissue and formation of pus takes place. The chronic forms
of pulpitis, however, present a different microscopic picture, for, in
addition to destructive changes that are characteristic of the acute
forms, reparative processes can also be observed. A chronic ulcer
or granulation tissue is formed on the surface of the inflamed pulp,
which condition may exist for years without clinical symptoms.

Depending upon the elinical symptoms and upon the amount of
pulp tissue involved, acute pulpitis can be divided into acute partial
pulpitis and acute total (suppurative) pulpitis. However, the clin-
ical symptoms do not always occur in the order in which they are
described here; neither has every form of pulpitis a certam, well-
outlined, clinical counterpart. Sometimes a pulp that has caused
the patient unbearable pain presents, upon microscopic examina-
tion, only a very small, inflamed area; again, pulps that microscopic-
ally show a severe suppurative pulpitis may have a clinical history
of only temporary, indefinite pain. The wide variation in the
mental reaction of different patients to pain, the difference in the
location of the pulpitic area, and the presence or absence of larger
pulp nerves in the diseased portion of the pulp may be some of the
factors that are responsible for the occasional contradietion between
clinical history and microscopic findings.

1. Acute Partial Pulpitis.— Acute partial pulpitis is diagnosed elin-
ically by the presence of a characteristic kind of pain in a tooth with
a large defect or fillimg. The pain appears in attacks that are
produced by changes in temperature, especially cold fluids or cold
air. After the thermal irritation has subsided, the pain continues
for a while. Spontaneous attacks of pain also oceur.  Usually
the involved tooth shows extensive caries that extends close to or
completely into a pulp hom. The tooth is not sensitive to per-
cussion.  Microscopically, two forms of acute partial pulpitis can
be distinguished: a serous form and a purulent form.

(a) Aeute Partial Pulpitis, Serous Form.—This form represents
the earliest stage of pulpitis, developing from a hyperemia of the
pulp by migration of white blood cells and diffusion of blood serum
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through the walls of the pulp capillaries (Fig. 36). These three
changes, namely, hyperemia of the neighboring pulp vessels, pres-

Fra. 86.—Acute partial pulpitis (serous form) under a filling. Upper molar.
FC, floor of cavity: I, areas of cellular infiltration of the pulp tissue: V. hyperemic
bBloodvessels,

Fig. 87.—Higher magnification of Fig. 86. Acceumulation of inflammatory. exu-
date cells around the eapillaries of the pulp. L. exudate cells (leukocytes) ; V, hyper-
emic bloodvessels; E, edema of the pulp tissue,

ence of polymorphonuclear leukoeytes m the perivascular tissue,
and serous imbibition of the pulp tissue (edema) are the Iicroscopic
characteristics of the earliest form of acute pulpitis. Of the pulp
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cells the odontoblasts seem to be the most sensitive to the presence
of irritation, as this layer is always discontinued in the inflamed
arca. In Fig. 87 a microscopic area of pulpitis is illustrated. Inflam-
matory round cells are accumulated in the pulp tissue around a
capillary. All capillaries m the neighborhood of the inflamed area
are dilated and hyperemic; the surrounding connective tissue of
the pulp shows marked edema.

Fig. 5%.—Aeute partial pulpitis (purulent form) under penetrating caries. Lower
bicuspid. ), earious destruction reaching the pulp horn; 8D, secondary dentin;
T, dense inflammatory infiltration of the pulp tissue with heginning abscess formation;
I’, normal pulp tissue with slightly dilated bloodvessels.

(b) Acute Partial Pulpilis, Purulent Form.—In acute partial
pulpitis the inflammation gradually reaches a stage in which the
combined action of bacterial toxins and leukocytes causes a breaking
down of some of the pulp tissue; the tissue débris, tog ther with
dead and dying white blood cells, forms pus which accumulates on
the surface of the inflamed area. When pus formation has led to
the development of a cavity in the pulp tissue from which the pus
is being discharged, we speak of the condition as a pulp abscess.
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Fig. 88 shows an early stage of pulp abscess. Deep caries is present
on the mesial side of a lower bicuspid. At first secondary dentin
had been deposited on the inner wall of the pulp chamber, but caries
progressed rapidly and, when the tooth was extracted, had pene-
trated the thin layer of secondary dentin, and the bacterial invasion
had reached the pulp horn. The pulp shows a dense inflammatory
ifiltration with leukocytes; the pulp tissue adjacent to the carious
dentin broke down and has been replaced by a small space containing
leukocytes and cell débris. The bloodvessels in the immediate
neighborhood of the pulpitic area are hyperemic. Beyond this
area the pulp tissue is absolutely normal, which is the reason for
calling this condition partial pulpitis,

Fra. 80, —Acute partinl pulpitis under deep caries. Formation of a pulp abscess,
Lower himlﬁpi[i. C, ecares of the dentin: PA, pulp absecess: I, infiltrated pulp tizsue,

A slightly advanced stage of partial pulpitis with formation of
a small abscess 1s seen m Fig. 89 under conditions similar to those
shown in the preceding picture. The mcisal part of the pulp is
densely infiltrated. Toward the carious cavity a small abscess
cavity has developed in the pulp tissue in which, under higher mag-
nification, a large number of polymorphonuclear leukocytes can be
seen which, together with exudate and cell débris, form pus (Figs. 90
and 91). The pulp tissue nearer to the root is normal except, per-
haps, for a slight enlargement of the bloodvessels. In some of the

b}
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veins an increased number of polymorphonuclear leukocytes can
be observed: the surrounding pulp tissue, however, is normal.

Frg. 90, —Higher magnification of Fig. 89, Pulp abscess, DT, infected dentinal
tubules; N, necrosis of dentin and pulp tissue: PA, pulp abseesg resulting from break-
ing down of the pulp tissue next to the infected dentin; I, densely infilirated pulp
tissue; 5D, secondary dentin,

Ti1G. 81, —Characteristic inflammatory cell forms present in acute purulent pulpitis:
polymorphonuclear lenkoeytes (PL). NC, necrotic cells.

Acute pulpitis, just hke any other acute purulent inflammation, is
microscopically characterized by the predominance of neutrophil,
polymorphonuclear leukoeytes m the cellular exudate.!

1 For more detailed information aboul the various eell forms participating in the
process of inflammation see page 141.
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2. Acute Total Pulpitis (Suppurative Pulpitis).— Acute total pul-
pitis can be defined as a condition in which the major portion of the
pulp tissue is involved in an acute mflammation. It develops from
acute partial pulpitis by the 5prf'mi1'11g of the mflammation over the
entire pulp.  From this definition it is evident that there is no sharp
borderline between “partial” and “total” pulpitis, but that many
mtermediate stages or more or less mvolved pulps may be encoun-
tered upon microscopic examination. The same is true of the
consideration of clnical symptoms: the transition from partial
pulpitis with temporary attacks of pain to total pulpitis with con-
stant throbbing pain is a gradual one, usually developing over a
period of several days. In a typical case of total pulpitis the pain
is very severe; the patient is kept awake at night; thermal changes
merease the pain, but the pulp is usually more sensitive to the
mfluence of warmth than to the application of cold. This seems
to be the reason for the exacerbation of pain at night in bed. The
tooth is sometimes slightly sensitive to percussion, indicating a col-
lateral edema of the apical periodontal membrane.

In the microscopic examination of teeth that were extracted under
the clinical diagnosis of acute total pulpitis, it is usually found that
the closed forms in which the imflamed pulp 15 still covered by a
layer of carious dentin or by a filling have given the greatest pain;
this fact is easily explained by the pressure that develops when
the forming pus has no outlet. Those cases of total pulpitis that
have open H}IIIIIIIIIIEf‘EI.f'iUII with the oral cavity through a carious
cavity usually cause less severe pain, since there is a free drainage
of the forming purulent exudate, and, therefore, no pressure is
exerted upon the nerves of the inflamed pulp.

The final outcome of untreated total pulpitis seems to be largely
dependent upon this topographic difference between the open and
closed forms. In closed pulps in which the exudate has no drainage,
infiltration of the entire pulp tissue, abscess formation, and finally
necrosis of the pulp will oceur rather quickly.

The other possible outcome of total pulpitis, namely, the transi-
tion into a chronie form of pulpitis is usually found in cases that have
an open communication with the oral cavity. The drainage of
exudate prevents pressure and allows the pulp tissue to build up a
wall of resistance that may establish some kind of temporary balance
between advancing infection and defensive reaction of the pulp
tissue.  This condition will be deseribed more in detail under the
heading of chronie pulpitis.

(@) Aeute Total Pulpitis, Open Form.—In this condition a large
portion of the pulp or the entire pulp is acutely, purulently inflamed,
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and there is communication with the oral cavity usually through a
carious cavity (Fig. 92). In the upper right corner of the specimen
can be seen the carious cavity, which is filled with débns, broken-
down dentin, pus cells, and food particles. In one of the former
pulp horns, the pulp is exposed; from its surface a purulent exudate
is being discharged; part of the pulp tissue has been destroyed. The
larger part of the pulp is densely infiltrated with inflammatory
exudate cells. The bloodvessels are dilated and hyperemic; the
odontoblastic layer has completely disappeared near the area of
pulp exposure and shows cell degeneration in the more distant parts
of the pulp surface. As a whole this condition differs from acute

Fra. 92.—Acute total pulpitis (open form). Upper molar. O, carious cavity con-
taining food débris; UP, uleerated exposed pulp surface ot the bottom of the cavity;
I, diffuse inflammatory cell infiltration in the crown portion of the pulp,

partial pulpitis (Figs. 88 and 89) only in the degree and the extent
of inflammation, for, instead of only one small area of pulp tissue,
the entire crown portion of the pulp is involved.

If caries and pulp exposure are found in the cervical portion of a
tooth, it can be observed that pulpitis starts in the root canal next
to the area of exposure and from there spreads crownward into the
pulp chamber and rootward into the canal (ascending pulpitis).
Such a condition is seen in Fig. 93, illustrating a specimen of a
lower molar with clinical symptoms of total pulpitis. The occlusal
portion of the erown is intact; deep caries is present on the distal
surface of the crown, extending downward into the root canal.
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The microscopic examination shows that the major portion of the
distal root canal is filled with pus and that an abscess cavity has
developed in the pulp tissue crownward from the carious cavity.
The entire pulp is in a stage of diffuse, purulent inflammation, the
intensity of which decreases toward the mesial pulp horn.

(b) Acute Total Pulpitis, Closed Form.—In the closed form of
total pulpitis the formation of abscess cavities in the pulp tissue is
the predominant microscopic finding. Due to the impossibility of
escape, the purulent exudate accumulates under pressure inside the
pulp chamber and causes large areas of tissue destruction in the
pulp. When a pulp abscess is exposed by removing the overlying

Fig, 93.—Acute total pulpitis (open form) under penetrating gingival earies,
Lower molar. C, earious cavity on the distal surface of the distal root: PA. pulp
abscess in the distal root eanal extending upward into the crown portion of the pulp:
I, diffuge inflammatory infiltration of the erown portion of the pulp.

dentin, a drop of pus is seen to emerge from the opening, seemingly
under pressure. Immediately the patient feels great relief from pain,
comparable to the relief that follows lancing an abscess, evacuating
the pus, and removing the pressure of the retained exudate.
Suppurative pulpitis in a closed pulp chamber usually causes
rapid breaking-down and necrosis of the entire pulp. Such a con-
dition is shown in Fig. 94. In a lower molar total pulpitis developed
under a large caries which almost reached the pulp; only a thin, but
still intact, layer of dentin covered the pulp chamber. Nothing was
done to treat the pulpitis, as is frequently the case in patients that
are rather insensitive or overcome pain by using anodvnes. After
a period of from several days to several weeks the pain subsided,
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and the pulp showed elinically and microscopically  evidence of
necrosis.  The cells lose their staining properties, but ealeifications
and dead exudate cells can sometimes still be recognized in the tissue
remnants. Farther apically in the root canals there is frequently
some living inflamed pulp tissue still present (see Figs. 98 and 99).

F1G., 94, —Necrosis of the pulp. Lower molar. 2D, layer of secondary dentin
covering the pulp chamber; N, necrotic tizgsue in the pulp chamber and in the root
canals,

CHRONIC PULPITIS.

As stated before, the outcome of total pulpitis may be twofold:
either rapid, complete destruction of the entire pulp, or transition
into chronic pulpitis. The latter outcome is encountered mostly
in voung pulps with high tissue resistance, in the presence of an
infection of low virulence, and in such cases where dramage of the
inflammatory exudate is possible.

Two forms of chronic pulpitis can be differentiated clinically
and microscopically: an uleerative and a hypertrophie form.

1. Chronie Uleerative Pulpitis.—In chronie ulcerative pulpitis
an ulcer develops on the surface of the pulp, while in the surrounding
pulp tissue a dense wall of round cells borders the less inflamed
portions of the pulp. This condition, which offers few if any clinical
symptoms, may exist for a long time. Upon elinical examination a
cavity 1s usually found leading into the pulp; the tooth shows little or
no reaction to cold or warmth. Upon exploring the pulp chamber,
living, bleeding pulp tissue is found, which is much less sensitive
to touch than a normal or acutely inflamed pulp, probably because
of partial degeneration of the pulpal nerves.
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Microscopically there is a tendeney toward incapsulation of the
inflammatory process and formation of granulation tissue in the
pulp. The transition from acute suppurative pulpitis into a chronie
form is illustrated in Fig. 95. A large abscess cavity occupies the
mesio-occlusal third of the pulp of a lower first molar under ocelusal
caries. The rest of the pulp tissue has been altered very little: in
the distal portion of the pulp, the odontoblastic laver on the wall
and on the floor of the pulp chamber is microscopically intact. The
pulp tissue is arranged parallel to the wall of the abscess cavity,
thus forming a fibrous capsule around the abscess. We may con-

I'ig. 95. —Pulp abseess under occlusal earies in an upper molar, The abseess ig
surrounded by a connective tissue capsule. The rest of the pulp tissue shows only
slight inflammatory changes. OO, carious cavity; PA, pulp abscess: C, eapsule of
pulp tissue surrounding the abscess eavity.

sidler this condition as the manifestation of a highly resistant pulp
tissue: an attempt is made by the pulp to wall off the spreading
inflammation and to form a fibrous capsule around the abscessed
are,

A different form of chronic uleerative pulpitis is seen in Fig. 96.
The entire pulp of a lower second deciduous molar is in a state of
chronic inflammation; two large abscess cavities are present in the
pulp chamber. Caries has destroyed a part of the pulp tissue in the
mesial pulp horn; the ulecerative pulp surface, however, is not bare
but covered by an irregular calcified mass that extends from one
side of the opening to the other, leaving only a small communication
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between pulp and cavity (Fig. 97).  Such caleifie deposits are fre-
quently found in pulps that are chronically inflamed; they develop

Fic. 96.—Chronic uleerative pulpitis. Lower deciduous molar.  All of the pulp
tissue shows extensive diffuge round-cell infiltration. C, earious cavity; UP, uleer-
ated surface of the pulp; PA, abscess cavities within the pulp tissue.

through calcification of the dyving or necrotic tissue. In this particular
case we may consider these calcific masses as an attempt to bring
about healing of the exposed pulp horn. The presence of such cal-

Fra. 97.—Higher magnification of Fig. 96. P, densely infiltrated pulp tissue; CP,
irregular caleifieation of the pulp tissue covering the area of pulp exposure; PI,
primary dentin,

cifications is always evidence that the pulp inflammation is of long
standing.
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Sometimes in the course of acute total pulpitis the erown part
of the pulp is completely destroyed ; however, the destructive process
does not continue through the root canal all the way to the apical
foramen. The apical part of the root canal still contains living tissue
i a state of chronic inflammation. On the surface of this pulp
stump an ulcer discharges exudate and cells into the empty part
of the root canal (Fig. 98). Clinically, this condition is frequently
found in teeth with deep caries and an exposed pulp chamber con-
taining necrotic pulp tissue; there is no vital reaction in the coronal
portion of the root canal, but in the apical part the entering explorer
or broach still meets vital, sensitive, bleeding tissue before the apex

FiG. 98.—Chronic uleerative pulpitis. Pulp stump In the root canal of a maolar
after breaking-down of the erown portion of the pulp: I, inflamed pulp tissue: UP,
uleerated surface of pulp stump: P, purulent exudate in the root eanal.

is reached. Coolidge described the histological findings in a case
of this type. He called attention to the fact that, while the root
canals still contained vital, mflamed pulp remmants, the apical
periodontal tissues had undergone marked changes. Eularged
capillaries and an accumulation of plasma cells were found in the
periodontal membrane. A marked break had developed in the
continuity of the bone plate around the root end. Two of Coolidge’s
illustrations will be reproduced here. In the first illustration
(Fig. 99) a lower molar is shown with penetrating mesial caries.
The pulp chamber is full of necrotic tissue and débris. The apical
portions of the root canals still contain vital, inflamed pulp tissue.
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At the apices the pulp strand passes through the foramen; the apical
fibers of the periodontal membrane have been destroved, and the
periodontal membrane itself has been widened around the root end

Fra. 99 —Chronic uleerative pulpitiz in the root canals of a lower molar. U, pene-
trating caries in the mezial portion of the crown: PC, pulp ehamber filled with
necrotic pulp débris and exudate; UP, uleerated surface of the pulp stump in distal
root canal, (Coolidge, Jour, Am. Dent. Assn,

(Fig. 100). The soft tissue in this area has lost its normal fibrous
structure; irregular fiber bundles are present, hetween which are

Fig. 100.—Apices of the roots of the molar shown in Fig. 99. Both root canals
contain vital pulp tissue. There is a break in the inner plate of the alveolar bone at
the apex of ench root. The apieal fibers of the periodontal membrane are destroyed.
(Coolidge, Jour. Am. Dent. Assn.)

wide capillaries and groups of plasma cells (polyblasts). These
findings are of great importance because they illustrate the gradual
transition from pulpitis to periodontitis. There is no sharp line
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between these two conditions: while inflamed, vital pulp tissue is
still present in the root canals, the action of the bacteria extends
beyond the apex. Inflammatory products are probably carried
from the ulcer on the surface of the pulp stump through the blood
and Iymph channels into the periapical tissue and there initiate
periodontitis.  Thus it can be understood how a tooth, that still
contains vital, inflamed pulp tissue, may show radiographically a
widened periodontal space around the apex. (See also igs. 112
and 113.)

Another chronic ulcer in a lower second molar is illustrated in
Fig. 101. A large ocelusal cavity caused exposure of the distal pulp

Fig. 101.—Chronie pulpitis following pulp exposure in o lower molar. The pulp
is transformed into granulation tissue. GT, plug of granulation tissue proliferating
through the opening in the pulp chamber.

horn, but instead of the usual progressive destruction of the pulp
tissue, the pulp reacted by a generalized, diffuse imflammation,
thereby being transformed into granulation tissue. A higher magni-
fication shows nothing of the original pulp structure; instead a new
type of tissue 1s present, consisting of newly built connective tissue
with a large number of inflammatory exudate cells (Fig. 102). Some
of these cells are plasma cells, characterized by their large, proto-
plasmic bodies and the eccentric nuclei; others are small lympho-
evtes.,  Plasma cells are typical of chronie imflammations, whereas
leukocytes are predominant in acute mfHammations (see Fig. 91).
At the point where the pulp was exposed, the granulation tissue
has proliferated through the small opening in the pulp chamber
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and appears i the cavity as a bright red tissue plug of pinhead
size. This plug, as well as the rest of the pulp, is only slightly
sensitive.  No nerve tissue could be found in the entire pulp cham-
ber. The tissue proliferation indicates the transition from the
chronic uleerative type of pulpitis to the chronie hypertrophic
form. '

".

-

Fie. 102, —Characterigtic cell forms present in chronie pulpitis: lvmphoeytes and
plasma cells (polyblasts). P, plasma ecell; Ly, lvmphocytes; T, fibroblast. (See also

Fig. 110.)

2. Chronic Hypertrophic Pulpitis (Pulp Polypus).— In some cases
the stimulus of a chronie, low-grade inflammation leads to hyper-
trophic pulpitis. Two factors are essential for the development of
this condition: the pulp must be highly resistant, and a wide com-
munication with the oral cavity must be present. For these two
reasons chronic hypertrophic pulpitis is for the most part found
i children and adolescents, with their naturally high general tissue
resistance, and in broken-down teeth that allow free proliferation
of the hypertrophic tissue. Chnically, the exposed pulp appears
as a red, rounded growth in the pulp chamber of a badly destroved
tooth. This mass of tissue varies from the size of a pinhead to the
size of a pea, and is only slightly more sensitive to touch than normal
gingival tissue. Upon examination with an instrument it is found
that this red mass of soft tissue comnects with a strand of living
tissue that extends into the root canal. From the similarity of this
condition to a polypus of the mucous membrane, this inflammatory
hypertrophy of the pulp tissue is also called pulp polypus. Some-
times the surface of the hvpertrophied pulp i1s raw and bleeds easily
during mastication or when touched by an mstrument. In other
ases the surface is much more resistant, being covered with epi-
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thelium and having the appearance of gingival tissue. This epi-
thelium originates from the surrounding gingival epithelium, from
which it is transplanted in the form of minute cell grafts upon the
raw pulp surface where it develops into a continuous epithelial cover.

The tissue of a hypertrophied pulp is typical granulation tissue
(see page 140) containing newly formed bloodvessels, fibroblasts

(proliferated pulp cells), and polyblasts (inflammatory exudate
cells).

Fi. 103.—Chronie hypertrophic pulpitis (pulp polypus). Lower beuspid. ©

carious dentin on the inner wall of the broken-down crown; I, stratified squamous
epithelium with marked keratinized layer; P, hypertrophied pulp tissue: I, inflam-
matory exudate cells in the pulp tissue; V, enlarged bloodvessels: EA, epithelial
attachment to the wall of the root canal. (Boulger, Jour. Dent. Res.)

A case of a hypertrophied pulp with an epithelial lining was
recently reported by Boulger (Fig. 103). In this tooth, a lower
bicuspid of an adolescent, the pulp polypus was completely covered
by a layer of stratified squamous epithelium which formed an
epithelial attachment to the wall of the root canal all around the

opening into the canal.  Undereath the hypertrophied part of the
~pulp, the walls of the root canal had been greatly narrowed by the
deposition of calcified masses and secondary dentin. This condi-
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tion may be considered a defensive attempt of the pulp to throw
up a barricade of hard tissue against advancing inflammation. In
the apical part, the root canal contained normal pulp tissue and
in the upper part, fibrous tissue (granulation tissue) with consider-
able infiltration and dilatation of the bloodvessels.

BIBLIOGRAPHY.

Aprion, W.: Beitrige zur Histologie der Pulpitis chroniea granulomatosa,
Deutsch. Mon. f. Zhk., 1923, 41, 47.

BovLcer, Earn P.: Histologic Study of a Hypertrophied Pulp, Jour. Dent.
Res., 1931, 11, 257.

Cann, .. R.:  Pathology of the Dental Pulp, Dent. Items Int., 1926, 48, 1.

————Apical Foei of Infeetion on Teeth in Which the Pulps are Still Alive,
Dent. Items Int., 1926, 48, 239.

CooripGe, Epcar 1).: Pulp Pathology and Treatment Problems, Jour. Am.
Dent. Assn., 1928, 1b, 1623.

FoLer, H.: Beitrige zur Histologie der chronischen Pulpitis, Deutsch. Zahniirztl.
Wehnschr,, 1925, 28, 31.

Gorrung, E. M.:  Zur Frage iiber das aktive Mesenchym der Pulpa, Deutseh.
Mon. f. Zhk., 1928, 46, 1260.

Harrox, E. H.: Pulp Pathology from the Standpoint of the Clinician, Jour.
Am, Dent, Assn., 1930, 17, 2262,

Hess, Warter: Nekrose der Pulpa, Handw. d. ges. Zhk., vol. 3, p. 2274,

HorEwELL-SyitH, A.:  Adventitious Dentin and Infection of the Dental Pulp,
Dent. ltems Int., 1925, 47, 477, 557.

“ome Remarks on the Human Dental Pulp: Its Reactions to Injury,
Its Diseases and Their Immediate and Remote Complieations and Sequele,
Dental Cosmos, 1924, 66, 489, 601.

KremN, ALExanper: Zur Histologie des Pulpapolypen, Ztschr. f. Stom., 1927,
25, 44.

MiLLeEr, Oscar: Epithel im Wurzelkanal, Deutsch. Mon . f. Zhk., 1928,
46, H62.

OrroLencul, R, and Canxn, L. R.: The Pathology of the Dental Pulp, the
Practical Significance of Such Knowledge in the Treatment of Vital and
Pulpless Teeth, Dent. ltems Int., 1926, 48, 807,

Pavazzi, Siwvio:  Experimentelle Untersuchungen iiber das Problem der Hei-
lungsvorginge in der blossgelegten gesunden Pulpa.  Die Veriinderungen in
der enthlossten gesunden Zahnpulpa, Ztschr. {. Stom., 1927, 25, 91.

ThoMa, Kurr H.: A Practical Diseussion of Pulp Disease Based on Miero-
seopic Study, Dent. Items Int., 1925, 47, 637.

The Infected Vital Dental Pulp an Important Foeus of Systemie
Disease, Jour. Dent. Res., 1928, 8, 529.

—A Comparizon of Clinieal, Roentgen and Microscopic Findings in
Fifteen Cases of Infected Vital Pulps, Jour. Dent. Res., 1929, 9, 447,

Weser, R.:  Zur Kenntnis des Auftretens von Fett am Zahn, Vrtljschr. I. Zhk.,
1926, 42, 64,




CHAPTER V.

ACUTE INFLAMMATION OF THE APICAL PERIODONTAL
TISSUES (ACUTE PERIODONTITIS).

It is the author’s opmion that every inflammatory reaction
occurring in the soft tissue and bone surrounding the root surface
should be given the general name periodontitis, and that this
term should be employed in the general description of any inflam-
matory conditions in this area regardless of the etiology or type of
mflammation. Many of the other names that are found in dental
literature describing this condition are either derived from older
terms (such as “pericementitis” from “pericementum,” a term that
has been replaced by “periodontium’™) or are too specific (for
example, “periapical abscess™: not every inflammation of the peri-
apical tissue causes abscess formation). In the detailed description
of the different clinical types of periodontitis, however, other terms
will be used for conditions, such as dento-alveolar abscess, granu-
loma, and cysts, which may occur in later stages of periodontitis.

Since there are great variations in the causes and manifestations
of periodontitis, it seems advisable to introduce a eclassification
which will help in understanding and deseribing the pathology of
the condition. According to etiology periodontitis may be elassified
as follows:

A. Traumatic periodontitis.

B. Chemical periodontitis.

C'. Infective periodontitis.
According to the form of inflammation and to the time that has
elapsed since the beginning of the pathological changes, periodon-
titis may be divided into acute periodontitis and chronic perio-
dontitis. This chapter will deal only with the acute condition.

ACUTE TRAUMATIC PERIODONTITIS.

Acute traumatic periodontitis is the reaction of the periodontal
tissues to injury caused by a trauma of any kind. The most common
causes of acute tranmatic periodontitis are: (1) blow or fall upon
the mouth and teeth; (2) injuries during dental operations (separa-
tion, malleting, root canal operations), and (3) excessive ocelusal

stress.
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1. Acute Traumatic Periodontitis Following a Blow or Fall. - Iol-
lowing a blow or fall upon the mouth, one or several of the teeth
are often found loosened in their sockets and sore to touch or
percussion due to the tearing of the tissues and the extravasation
of blood and lymph into the periodontal membrane. In mild cases
this soreness usually disappears without any treatment after a few
days. Although an acute injury of this type in human tissues has
not yet been studied under the microscope, similar conditions have
been experimentally created in animals and the tissues have been
examined microscopically. Insuch specimens the force of the trauma
has resulted in the tearing of the fibers of the periodontal mem-
brane in many places and in minute hemorrhages from the blood-
vessels of the periodontal membrane. Immediately following the
acute injury white blood cells accumulate in the damaged area and
aid in the reparative changes by a phagocytic removal of tissue
débris and blood remnants. At the same time, new fibers are built
through the activity of the connective tissue cells, and, after a certain
period of time, the periodontal membrane will be completely regen-
erated and every evidence of the trauma will have disappeared.

9 Acute Traumatic Periodontitis Following Injuries During Dental
Operations. — In the practice of dentistry slight traumatic perio-
dontitis is sometimes produced by the dental operation itself.
One of the most common causes of mild, temporary periodontitis
is the improper use of the metal separator. To a certain extent the
fibers of the periodontal membrane will yield to the force of tooth
separation without injury, but if the separation is continued beyond
the limit of tensile strength of the fibers, fiber bundles will be torn,
slight hemorrhages will occur, and as a result, the teeth that were
separated will be sore for one or several days. This is especially
true if the separation is carried out while the teeth are under the
influence of an anesthetie, and pain, the natural tissue protection,
is not present to warn the dentist. Urban, Beisler and Skillen,
in a recent report on foreed tooth separation in animals, clearly
demonstrated hemorrhages and tearing of the periodontal fiber
bundles in their specimens. These tissue injuries cause a reactive
inflammation which, as a rule, terminates in the repair of the
damaged tissue.

The type of traumatic periodontitis that has the greatest clinical
significance is that caused by injuries in root canal operations. Occa-
sionally it happens that a broach or reamer passes through the
apical foramen and causes injury to the apical periodontal mem-
brane and even to the bone beyvond the foramen. (Clinieally, such
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damage to the periapical tissues is usually indicated by hemorrhage
through the root canal and by soreness of the tooth. In these dam-
aged tissues a low-grade inflammation occurs, which either may
terminate in healing and sear formation or may develop into chronic
periodontitis. This latter development will always take place when
the injured, apical tissue is invaded by pathogenic microérganisms
during or following the root canal operation.

Even the simple removal of a vital pulp under anesthesia is fol-
lowed by a low-grade, traumatic periodontitis, provided that the
injured area is close enough to the apical foramen. This mild form
of periapical irritation will usually heal, and the formation of
cementum will take place later on over the root end of such a
tooth.

Lateral perforations of the roots by means of rotating instruments
(burs) result in a severe traumatic periodontitis that usually leads
to the loss of the tooth. Injuries of this type are clinically known
as root perforations. If such a perforation occurs in the pulp
chamber it can be seen easily, but if the perforation is located in
the root canal, it can be diagnosed only by the unusual amount
of hemorrhage from the canal and by means of radiographic exam-
ination. At any rate more or less extensive destruction of the
periodontal membrane and bone is present at the place of perfora-
tion; leukocytes accumulate around the perforation, and in most
cases a chronic inflammation develops with formation of granula-
tion tissue and progressive destruction of both soft and hard struc-
tures. In favorable cases healing and scar formation have been
observed after a traumatic perforation of the root of a tooth.

. Acute Traumatic Periodontitis Following Excessive Occlusal
Stress. — An example of this type of injury is the loosening and sore-
ness of a tooth after unexpectedly biting upon a hard object, such
as a shot, during mastication of food. Under the microscope the
same changes oceur in the periodontal membrane after such an
injury as are found after a light blow or kick upon a tooth. Another
cause of acute traumatic periodontitis is the insertion of a resto-
ration (crown, filling) in such a manner that it interferes with normal
occlusion.  Then the tooth is subjected to an increased amount of
occlusal force and will develop traumatic periodontitis that persists
until the obstacle to the normal occlusion has been removed. The
tissue changes in this case are the same as deseribed above: slight
lacerations and hemorrhages in the periodontal membrane with
reactive infiltration that will readily disappear after the cause of
the mechanical injury has been removed.

)
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CHEMICAL PERIODONTITIS.

(Chemical periodontitis is due to the action of drugs which have
been brought into the pulp canal during root canal therapy and
which have penetrated beyond the apical foramen. From experi-
mental investigations, it seems that practically every drug in a
root canal causes at least a slight periapical inflammation. The
amount of inflammation is in direct proportion (1) to the concen-
tration and penetrative power of the drug, (2) to the amount of
drug that is used, (3) to the time the drug is allowed to act upon
the tissues, and (4) to the width of the apical foramen. It 1s obvious
that drugs with a high penetrating power will, under otherwise
identical elrcumstances, cause more tissue destruction than drogs
with coagulating and therefore rather self-limiting properties.
It 15 easily understood also that in a voung person the drug will
act more rapidly and extensively upon the apical tissues than in
an old individual with very narrow or almost obliterated root canals.

Clinically, the best known type of toxic periodontitis is that
which follows the incorrect application of arsenic trioxide upon
the pulp. It has been found experimentally in animals that a slight
amount of periapical irritation and imflammation alwavs accom-
panies the use of arsenic trioxide; however, in the first twenty-four
or forty-eight hours the changes in the periodontal membrane con-
sist merely of hyperemia and infiltration without severe tissue
mjury. In this initial stage healing oceurs after the removal of
the drug from the pulp chamber. If, however, the arsenic trioxide
has been allowed to act upon the periapical tissues for a longer
period of time, the periodontal membrane will be mjured bevond
repair; the bone becomes involved, and the final outcome will be
the formation of a chronic periapical mmHammation unless the
tooth has been extracted in the earlier stages of periodontitis.

Since it is easy to produce chemical periodontitis experimentally
in animals, the development and pathology of this condition has
been the subject of a number of experimental studies, particularly
on dogs. In 1930 Feldmann published a monograph which is entirely
devoted to the subject of chemical periodontitis in dogs. He used
practically all known drugs and methods of treatment and studied
their influence upon the apical tissues over various lengths of tine.
IFeldmann showed that all drugs sealed in the root canal eaused at
first a reactive mfiltration of the periapical tissues which was
followed after a period of several months by wvarious reactions,
depending upon the types of drugs and treatments used. Roots
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filled with guttapercha or oxyphosphate cement after using a mild
drug were found to be surrounded by normal periodontal tissue,
and it was observed that cementum had been deposited over the
root end. Other teeth, in which powerful and penetrating drugs
had been sealed in the root canals, revealed a progressive inflamma-
tion and destruction of the apical hard and soft tissues, without
evidence of a healing tendency,

Similar experiments were carried out by Coolidge. After remov-
ing the pulp from the incisors of dogs, he sealed various drugs in

Fic. 104.—Acute chemical periodontitis produced by removing the pulp and seal-
ing phenol into the root canal of a dog for twenty-one days. Circumseribed coagula-
tion necrosis of the periodontal membrane at the apieal foramen. RC, root canal: N,
neerosis of the periodontal membrane; R, resorption of alveolar bone. (Coolidge,
Jour. Am. Dent. Assn.)

the root canals for a period of twenty-one days. The histological
findings revealed great variation in the extent and tvpe of reaction.
A few characteristic specimens will be reproduced here to illustrate
the tissue changes in chemical periodontitis.

When phenol was sealed in the root canal of a dog, the drug, due
to its strong coagulating power, caused necrosis of the periodontal
membrane (Fig. 104). The surrounding periodontal tissue shews
but few changes, its structure being well-preserved. In the alveolar
bone osteoclastic resorption is taking place. After sealing formo-
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cresol in the root canal of a dog, a similar, circumseribed mass of
coagulated tissue resulted at the apical foramen; the periodontal
membrane in the vieinity of this necrotic tissue presented the symp-
toms of a low-grade mmflammation with marked hyperemia of the
bloodvessels.

When drugs are used that have not such a marked power to coag-
ulate albumen, for instance, essential oils or chlorine preparations,
a much more extensive and diffuse inflammation of the periapical

Frg. 105. —Beginning formation of an acute
periapical abscess produced by sealing eugenol
in the root canal of a dog's tooth. RC, root
canal eontaining the drug: A, abscess for-
mation in the periodontal membrane; I,
round cell infiltration (leukocxtes) in the
periphery of the abscess: V, hyperemic
bloodvessels of the periodontal membrane,
(Courtesy of E. D. Coolidge.)

Fra. 106.—Periapical abscess produced
by sealing ewcalypiol in a dog's tooth.
A, abscess cavity filled with pus; R,
extensive resorption of the alveolar bone
surrounding the abseess cavity. (Coolidge,
Jour. Am. Dent. Assn.)

tissues is the result. A mild case of diffuse chemical periodontitis
is illustrated in Fig. 105, in which tooth ol of cloves was sealed for
twenty-one days. At the apical foramen there is a dense mmflam-
matory infiltration which is continued without a sharp borderline
into the adjacent periodontal membrane. A much more severe
form of acute periodontitis resulted from sealing cucalyptol, an
essential oil, into a dog’s tooth for twenty-one days (Fig. 106).
The entire periapical region is densely mfiltrated with mflammatory
round cells; this inflammation has caused considerable bone resorp-
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tion and a widening of the periodontal space. Near the center of
mflammation at the apical foramen, the periodontal tissue has
broken down completely and an abscess has developed.

Chlorine preparations, due to their power to dissolve albumen,
produce a reaction of the periapical tissues similar to Fig. 106,
From findings of this kind in dogs, however, no definite conclusions
can be drawn as to the advisability of using or discarding certain
drugs in the practice of dentistry. The main difference between
these animal experiments and the condition in man is that in the
dog’s tooth an intact, uninfected pulp is removed and the drug is
placed upon a fresh wound in heretofore healthy tissue, while, in
the practice of root canal therapy in man, pulp tissue and root canal
are usually infected; therefore, the use of penetrating drugs with
bactericidal properties is necessary to control the existing infection.
Although drugs of the latter type may prove harmful to the tissues
of dogs, we must not draw the direct conclusion that they should
not be used in man, because the same drugs that injure and irri-
tate intact, vital tissue by their penetrating power may be, for the
same reason, of great value in fighting bacteria in infected human
root canals and periapical tissues.

ACUTE INFECTIVE PERIODONTITIS AND ACUTE DENTO-
ALVEOLAR ABSCESS.

|. Etiology and Pathology of Acute Infective Periodontitis.— The
inflammation of the apical periodontal tissues due to the presence
of pathogenic microdrganisms is the most common form of peri-
apical inflammation and is the form with which the dentist is most
frequently concerned.

From the standpoit of clinical diagnosis, the infections of the
periapical tissues are usually divided into acute and chronic forms.
Acute infective periodontitis is characterized by one or several of
the following clinical symptoms: pain, swelling, heat and redness of
the soft tissues overlying the tooth, fever. Chronic inflammation
of the periapical region sometimes causes no clinical symptoms at
all, or perhaps only a temporary feeling of slight uneasiness or dis-
comfort in the affected tooth.

In studying infection of the periapical tissue under the micro-
scope, it is impossible to draw a sharp line between periodontitis
(imflammation of the periodontal membrane) and alveolar osteitis
(inflammation of the alveolar bone). Whenever an infective process
has reached or passed the apical foramen and involves the apical
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periodontal membrane, the microscope reveals an alteration of the
alveolar bone long before this bone change would be visible in the
radiograph. The bloodvessels in the bone surrounding the inflamed
periodontal membrane are hyperemic and contain a large number
of polymorphonuelear leukocytes. The alveolar bone in the periph-
ery of the bloodvessels is densely beset with polynuclear ostec-
clasts (giant cells) (Fig. 107). Thus it is impossible to draw a
sharp line between inflammation of the periodontal soft tissues only
and inflammation also involving the bone; therefore, these two con-
ditions will be discussed under one heading.

Fra. 107.—Beginning osteitis of the alveolar bone in cage of acute infective perio-
dontitis. PM, periodontal membrane; V, hyperemic bloodvessel (vein) leading from
the pericdontal membrane into the bone; L, polymorphonuclear leukoeytes in the
vessel; AB, alveolar bone; R, giant cell resorbing the alveolar bone adjacent to the
bloodvessal.,

Acute infective periodontitis is caused by the action of patho-
genic microdrganisms that reach the apical foramen through the
pulp canal and spread into the periodontal tissues. In the clinical
examination of a case of acute periodontitis it is usually easy to
trace the way by which the infection reached the periapical region.
The crown of the tooth is usually destroyed by caries; the pulp is
decomposed; the root canal is empty or filled with débris, or con-
tains a root canal filling. Frequently infective periodontitis develops
in connection with root canal therapy. This will, for instance, be
the case when, after removal of a pulp, the tooth gradually becomes
more and more sensitive and painful until finally typical perio-
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dontitis develops with pyogenie microorganisins present i root
canal and periapical region.  In such a ease it can be readily assumed
that these bacteria gained access to the periapical tissues through
the root canal, usually by a lack of :ﬁ-?;:-alaultln:upv ator’s technique.

On the other h.m{I, 1!11-1{- 15 a group of cases in which the etiology
of acute periodontitis or of acute alveolar osteitis is not so evident
at first glance. A tooth may present symptoms of an acute inflam-
mation of the apical periodontal tissues with pain, soreness to
percussion, elongation, loosening and, in addition, swelling and
redness of the overlying soft tissues, and still the crown may appear
intact, no caries or defect hemg visible In such a case the dentist,
in making a careful investigation into the history of the patient,
may be able to learn of a trauma (blow, kick) that oceurred some
time previous. A sterile necrosis of the pulp followed the injury.
This condition may be present without any clinical symptoms and
can be diagnosed only by the vitality test. A severe, acute, puru-
lent inflammation may suddenly develop from such a tooth, and
pyogenetic bacteria (staphylocoeci) will be found in the pus formed
during this process. Whether these bacteria are carried by way of
the blood stream to the tooth, where they find good soil for develop-
ment in the disintegrated content of the pulp canal (hematogenous
infection), or whether the neerotic pulp tissue becomes infected
through minute cracks or defects in the tooth substance or in fillings
(stomatogenous infection) is uncertain and difficult to decide.

The first symptoms of the presence of infection in the periodontal
membrane are the same as are found elsewhere in the connective
tissue of the body, namely, hyperemia and stasis in the vessels,
migration of white blood cells (polymorphonuelear leukoeytes)
from within the bloodvessels into the surrounding connective tissue
(diapedesis), and diffusion of fluid through the walls of the vessels
(edema). Sooner or later, depending upon the virulence of the
bacteria and upon the resistance of the body, the infiltrated tissue
breaks down, and pus is formed around the root end, a condition
called acute purulent periodontitis. As a rule the alveolar bone is
already involved when the process reaches this stage, and osteoclasts
are found in great number resorbing the inner lamina of the alveolus
and the cancellous bone behind it. In that way the process of pus
formation and the breaking down of tissue spread through the
bone, and a purulent alveolar osteitis develops.

‘The acute inflammation of the periodontal membrane causes very
characteristic clinical symptoms and, therefore, the study of the
histopathology of this condition must be carried through in close
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connection with the clinical picture.  The first reactions of the
periodontal soft tissues against the invasion of bacteria are hyper-
emia, edema and leukoeytic infiltration. These reactions cause an
increase in the volume of soft tissues and, thus, the early elinical
symptoms are manifestations of increased tissue pressure at the
apex. The tooth will appear slightly elongated, protruding from
the alveolus, as a result of the increased tissue tension at the root
end; the tooth may even loosen slightly as the fibers of the perio-
dontal membrane become edematous. The involved tooth is sore,
either spontaneously or on percussion and during mastication, as
the nerves in the periodontal membrane are irritated and pressed
by the mflammatory process. It must be understood, however,
that not all the symptoms of acute apical infection, namely, elonga-
tion, loosening and soreness, are necessarily present in every case,
although they will be observed in typical cases. If a tooth be ex-
tracted in this stage of acute periodontitis, the hyperemia of the
periodontal membrane is indicated by the intense redness of the
soft tissue that adheres to the apical part of the extracted root.

After the infiltration of the periodontal membrane has reached
a certain degree, the soft tissues begin to break down. Pus aceumu-
lates in the periodontal space and in the marrow spaces of the bone
around the opening of the pulp canal. In this stage the patient
suffers severe pain; the tooth is often verv sore, and continuous
pulsating pain indicates the presence of a purulent process in the
depth of the alveolus.

A symptom that must not be overlooked in the clinical examina-
tion of cases of this type is the change in the regional lvmph nodes.
These lymph nodes are located on the lower border of the mandible.
The anterior group, the submental nodes, are closely related to the
lower anterior teeth; the posterior group, the submaxillary nodes,
are connected with the upper and lower bicuspids and molars.
During acute purulent periodontitis these nodes are very often
swollen and tender when palpated.

If in this stage of the process drainage be established through
the root canal by trepanation of the tooth and removing débris
and root filling material, thick ereamy pus will sometimes be dis-
charged through the root canal, after which the patient feels imme-
diate relief from the throbbing pain. The same relief iz obtained
if the tooth be extracted; the purulent inflammation then has
open drainage through the alveolus and clears up in a short time.

[f drainage is not established, the purulent apical inflammation
spreads through the bone and soon reaches the outer surface of the
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alveolus.  Here the process is usually temporavily detained by the
rather resistant layer of periosteum that covers the outer surface
of the bone. This stage is spoken of as acute dento-alveolar abscess.

2. Acute Dento-alveolar Abscess. Topography of the Root Ends and
Surrounding Structures. — As the inflammation approaches the sur-
face of the bone, a new and very important symptom is observed
that is characteristic of acute, purulent, dento-alveolar abscesses,
namely, a collateral edema and swelling of the soft tissues of the
face. This condition is known as cellulitis. It usually reaches its
height when the pus has perforated the outer lamina of the alveolar
process and appears under the periosteum as a subperiosteal abscess.,

If the inflammatory process starts from an upper tooth, the
upper lip, cheek and, in severe cases, the lower and also the upper
evelid are swollen.  If a lower anterior tooth is involved, the lower
lip and the chin region are the seat of the collateral edema; in case
of a lower posterior tooth the swelling may extend over the lower
part of the cheek, the angle of the mandible, and sometimes down-
ward into the submaxillary region.

After the purulent process has perforated the outer plate of the
alveolar process, it spreads along the bone surface, separating the
periosteum and the mucous membrane from the bone. This soft
tissue lining is elevated by the pressure of the underlving pus, and
fluctuation is found when this elevation is palpated with the finger.

The lymph nodes at the lower border of the mandible are usually
involved in this stage. There is a rise in temperature; in addition,
headache, constipation and general prostration are not uncommon
symptoms that accompany such severe purulent processes in the jaw.

Finally, the pus forces its way through the overlying soft tissues
and appears on the surface; or the swelling is incised, the abscess
is opened, and the pus is discharged. With the free drainage of
the pus, the acute dento-alveolar abscess usually subsides within a
short time; pain, swelling and fever disappear, and the patient
feels comfortable again. The final outcome of the process is either
extraction of the tooth and healing of the bone changes, or transi-
tion from the acute into a chronic inflammatory process. By far
the largest number of acute dento-alveolar abscesses actually
develop as a flaring-up of a preéxisting chronic periapical inflam-
mation; after the acute symptoms have subsided, the old chronie
process 1s left, forming a potential source of new acute attacks (see
Fig. 130).

The place where the pus appears on the surface in an acute
dento-alveolar abscess depends upon the topographic relation
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between root end and surrounding parts.  Usually the pus makes
its way through the jaw in the direction of least resistance; that
means, 1t will appear on that side of the jaw where there is the least
thickness of bone between root end and outer soft tissues. [t is,
therefore, very important to know how the variations in resistance
and the anatomical relationship of the apices to their surroundings
determine the way in which the pus reaches the bone surface.

In upper incisors, cuspids, and on the buceal roots of upper bicus-
pids and molars the pus is most likely to make its way through the
thin labial or buccal plate of the alveolar process to appear in the
vestibulum. Sometimes in individuals with low alveolar processes
and long roots, it may happen that an inflammatory process at
the apex of a central incisor perforates into the floor of the nose,
producing a condition similar to a furuncle of the nose.

The apex of the upper lateral incisor is sometimes found lingually
to the row of the other front teeth, lying close to the lingual plate
of the alveolar process. An acute dento-alveolar abscess originating
in this tooth may, therefore, erupt toward the palate and form a
palatal abscess. An acute dental abscess on the palate frequently
exists for some time before perforation takes place, because of the
extreme rigidity and resistance of the overlving soft tissue lining;
in the meantime the pressure of the subperiosteal abscess may have
detached the palate lining to a great extent. This is especially true
of palatal abscesses originating from the lingual roots of upper
molars, in which case the abscesses often have a tendency to spread
under the periosteum back toward the soft palate instead of per-
forating into the oral cavity. In case of a palatal abscess, usually
no edema or cellulitis of the face 1s present.

The upper cuspid has a long root, the end of which is sometimes
located in a much higher level than the vestibulum oris.  An inflam-
matory process originating from the apex of this tooth may extend
upward into the canine fossa and then perforate through the skin
below the inner angle of the eyve. In a case of chronic periodontitis
of the cuspid, a sinus may develop in this area which may be con-
fused with a fistula of the naso-lacrimal duet.

In an acute dento-alveolar abscess originating from upper bicus-
pids and molars, the relationship between these teeth and the max-
lary sinus (antrum of Highmore) must be considered. The partici-
pation of the sinus in inflammatory processes at the root ends will
depend upon the individual topography: if the roots are close to
or even rising above the floor of the sinus, the sinus will un-
doubtedly be affected; if the floor of the sinus is far above the
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root ends and the latter are close to the buccal beoo v ace, the
abscess most likely will erupt into the vestibulum (see . g, 121).

In the mandible, the relation of the root ends to the surrounding
structure is mainly dependent upon the length of the roots, the
height of the alveolar process, and the location of the attachment
of the tissues to the outer and inner plane of the lower jaw. Usually
an acute dento-alveolar abscess originating from a lower tooth will
erupt into the labial or buccal vestibulum; here it appears as an
acute inflammation and swelling of the soft tissues overlying the
mandible, accompanied by a cellulitis of lip, chin or cheek. Occa-
sionally a perforation toward the lingual side is observed, in
which case the pus appears in the floor of the mouth. This is espe-
clally true of the lower second and third molars, the roots of which
are separated from the outer surface of the bone by a thick layer
of compact bone; therefore, a perforation toward the lingual side
is more likely to occur.

A not uncommon complication of an acute, purulent, periapical
inflammation of a lower tooth is the perforation of the pus through
the skin along the lower margin of the body of the mandible. This
is particularly observed in the case of acute dento-alveolar abscesses
developing from the lower incisors and the lower first molar in
young persons. These teeth frequently have long, strong roots
that are embedded deep in the body of the mandible; if the teeth
have not fully erupted and if, in addition, the mandible is low, the
apices will be much closer to the lower margin of the mandible
than to the buecal or lingual surface. Consequently, pus developing
at the root ends will be more likely to perforate along the lower
margin through the skin than to go the long way into the vestibulum.
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CHAPTER VI.

CIHRONIC INFLAMMATION OF THE APICAL PERIO
DONTAL TISSUES (CHHRONIC PERIODONTITIS).

Curonic inflammation of the apical periodontal tissue is charac-
terized by the presence of a chronie osteitis with transformation
of periodontal membrane and alveolar bone into granulation tissue.
Granulation tissue is of great significance in the study of chronie
inflammatory processes around the root ends of teeth with infected
root canals, since its presence precedes all other possible manifesta-
tions and developments. It is, therefore, important to have accu-
rate knowledge of the characteristics of granulation tissue and to
understand its réle in chronic inflammation before proceeding with
this study,

GRANULATION TISSUE, ITS STRUCTURE AND SIGNIFICANCE.!

Granulation tissue may be defined as newly-formed tissue that
15 the result of a productive inflammation of chronic character,
Its formation may be considered as the defensive or reparative
reaction of the organism inasmuch as in many instances granulation
tissue initiates or precedes the healing of wounds.

A typical instance of the development of granulation tissue is
the healing of a large, open wound on the body surface. A few
days after the epithelium has been lost, the raw surface is covered
by a newly-formed tissue that has an uneven, granulated surface,
giving it the appearance from which it derives its name. Soon the
entire wound surface is covered by this new tissue; the epithelinm
from the margins of the wound begins to grow over the granulation
tissue, which subsequently becomes transformed into scar tissue.

Histologically, granulation tissue is composed of several tissue
elements which are listed in the order of their frequency and signif-
icance: Fibroblasts; capillaries; inflammatory exudate cells; giant
cells.

! In general pathology two kinds of granulation tissue are distinguished: specifie
and non-specific. Specific granulation tissue is the result of infection with a special
microdrganism (Bacillus tuberculosis, Spirochaeta pallida). Non-specifie granulation
tissue may develop as a result of any irritation or inflammation of long standing,

and it is not associated with the action of any particular type of microrganism. Only
the latter type of granulation iissue will be considered here.
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1. Fibroblasts.— IFibroblasts (connective tissue cells) constitute
the bulk of granulation tissue. They are large cells with pale, oval
nuclel containing fine, dust-like chromatin and several nucleoli.
The protoplasm of the fibroblasts has spear-shaped processes that
extend from one cell to another. The product of the fibroblasts
is a fibrous intercellular substance, the connective tissue fibrille;
these fibrille form, together with the cells, a fine network which
is the basis of every soft tissue of connective tissue type.

The fibroblasts in granulation tissue develop by mitosis from
the preéxisting fibroblasts in the inflamed or injured area; in a skin
wound, for instance, the fibroblasts in the granulation tissue are
derived from the fibroblasts in the subcutaneous connective tissue
around the wound. In a chronic inflammmation of the alveolar bone,
the fibroblasts in the granulation tissue develop from the perio-
dontal membrane and from the connective tissue that normally
covers the bone in the form of periosteum.

The fibroblasts do not, in a strict sense, take part in the inflam-
matory process; they have rather a reparative or regenerative func-
tion, such as incapsulating an inflamed area, replacing lost tissue,
and forming scar tissue.

2. Capillaries.— Granulation tissue contains a great number of
capillaries, whose presence gives this tissue its typical red color.
These capillaries develop from the bloodvessels in the surrounding
tissue. From these bloodvessels solid sprouts of proliferating endo-
thelial cells invade the forming granulation tissue; later they are
transformed into true capillaries by being hollowed from within.
(Fig. 108.)

3. Exudate Cells.—The so-called mflammatory round cells or
exudate cells are the most characteristic constituent of granulation
tissue. The usual term “imflammatory round cells” or “round cell
mfiltration” has only a very general meaning. “ Round cells”
merely indicates that the cells in consideration do not have an oval
nueleus and irregular protoplasm like the fixed connective tissue
cells (fibroblasts) but that the cells have a more rounded form. It
is necessary to study the cell types under high magnification and
to consider their origin in order to understand their significance.
Two main types of mflammatory round cells can be differentiated:
(1) leukoeytes and (2) polyblasts.

() Leulocytes. - Neutrophilie granular leukoeytes with lobulated
nuelei (polymorphonuclear leukoevtes) are, under normal condi-
tions, always found in the blood stream and there constitute from
G5 to 70 per cent of the total amount of white blood cells. Their
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nuclei consist of several nuclear fragments that are held together
by very delicate chromatin bridges. They develop in the bone-

Fia. 105, —Capillaries in granulation tissue in the oral cavity. V, eapillary blood-
vesse]l pontaining ervthroeyvtes; O, ecapillary sprout growing from the vessel into
the surrounding granulation tissue; T, nuclei of fibroblast: CF, connective tizsue
fibrillze; Ly, polyvblast (lymphocyte).

marrow from the myveloevtes. The polymorphonuclear leukocyvtes
are not found in normal conmective tissne. However, they accumu-
late at once in the small bloodvessels of mjured or infected areas;

i, 109, —Typical cell forms in caze of acute purulent inflammation of the peri-
apical tissue. Infiltration of the connective tissue with polymorphonuelear leuko-
evtes, PL, with round protoplasmic bodies and lobular nuclei (see also Fig, 91).

F, fibrohlast.

then they migrate through the walls of these cells and appear in
large numbers in the connective tissue (Fig. 109). Polymorpho-
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nuclear leukocytes are especially numerous in acute suppuration:
they are the main cellular constituents of pus. In the later
stages of mflammation, the leukocytes degenerate and disappear.
For this reason they are observed only oceasionally in typical gran-
ulation tissue, as the latter is the result of chronic mflammations
of longer standing.

‘The function of polymorphonuelear leukoevtes is the destruction
of the pyogenic microdrganisms in the inflamed tissue. This is
performed in two ways: (1) by phagoeytosis and intracellular
destruction of the bacteria, and (2) by a discharge of bactericidal
and detoxicating substances. These substances seem to be set
free whenever large numbers of leukocytes disintegrate as in the
case of acute suppuration.

(b) Polyblasts.—Maximow, who made a very thorough study of
the development and morphology of the various cell types involved
. mflammatory reactions, calls all inflammatory exudate cells,
with the exception of the polymorphonuclear leukocytes, “poly-
blasts,” thus indicating their different shape and origin. Accord-
ing to Maximow, these cells have a double origin: they are derived
cither from local connective tissue cells, histogenous polyblasts, or
from non-granular leukocytes, hematogenous polyblasts. The his-
togenous polyblasts develop from the histiocytes or resting wander-
ing cells of the loose connective tissue (Fig. 4). Under the influence
of inflammation, the histiocytes become active and are trans-
formed into large cells with ameeboid motility; these cells migrate
toward the center of inflammation where they assume phagocytic
properties and destroy bacteria and cell débris. The hematogenous
polyblasts originate from the Iymphocytes and monocytes (mono-
nuclear leukoeytes) of the normal blood. In ease of inflammation
these blood cells, together with the polymorphonuclear leukoeytes,
migrate through the walls of the vessels and appear in the connee-
tive tissue; but whereas the polymorphonuclear leukocytes dis-
appear shortly thereafter, the lymphocytes and monocytes persist
in the field of imflammation and soon are transformed into large
ameeboid phagocytic polyblasts. The hematogenous polyblasts
cannot be distinguished from the histogenous polyblasts.

According to Maximow, the endothelial cells of the capillary walls
do not contribute to the formation of exudate cells. The endothelial
cells of the adult organism are highly differentiated cell elements
that cannot be transformed into polyblasts. The latter are derived
wholly from the two sources that already have been mentioned.
namely, the histiocytes and the white blood cells.
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Polyblasts are always found in large numbers in granulation tissue.
They appear in different forms and sizes. Some polyblasts have
simple, round nuelei similar to those of lvmphoeytes. Others have
nuclei that are oval or kidney-shaped. The so-called plasma cells
are also a form of polyblasts. Plasma cells are characteristic of
chronic imfections and granulation tissue; they can be recognized
asily by their large protoplasmic bodies and round nuelel located
in an eceentrie position in the periphery of the protoplasm. The
nucleus of the plasma cell shows a peculiar and characteristic
arrangement of the chromatin, the granules being arranged all
around the periphery of the nucleus; thus the nueleus of a plasma
cell presents a design similar to a wheel with spokes (“cartwheel
nucleus,” Fig. 110).

Fig. 110.—Typical eell forms in ease of chronie inflammation of the periapical
tizsue. P, plasma eells (polvhlasts) with ' eartwheel” nuelei; I, fibroblast; CF, con-
nective tissue fibrillae.

Polyblasts, which are storage and phagocytic cells, have the
property of amaboid movement, and migrate actively through the
tissues. If they encounter bacteria or remnants of tissue decomposi-
tion, such as dead cells and fat granules, they engulf these remnants
and store and digest them in their bodies. A typical example of
phagocytosis is shown in Fig. 111, which was taken of an area of
eranulation tissue in the oral cavitv. A minute hemorrhage had
oceurred in this tissue some time previous to the removal of the
specimen. Two large oblong cells are found in the connective tissue
slightly distant from the center of the hemorrhage; their proto-
plasmiec bodies are full of bright vellowish-brown granules whose color
and form indicate that they consist of hemosiderin (blood pigment)
which was stored within the cells. The nuclei of these cells appear
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only faintly among the yellowish-brown masses. From the form
of the cells and their nuclei, it is probable that they originally were
polyblasts of the plasma cell type.

If an abscess cavity is present, as is frequently the case in dental
granulomas, polyblasts from the surrounding granulation tissue
are constantly discharged into it (see Fig. 120). The pus phagocytes
in an old abscess are derived partly from the monocytes and lympho-
cytes of the capillaries and partly from the histiocytes in the sur-
rounding fibrous tissue capsule.

If the chronic inflammation be terminated by resolution and
healing, the polyblasts may be transformed back into resting wan-
dering cells (histiocytes) and finally into fibroblasts, thus taking
part in the formation of scar tissue,

Fi1g. 111.—Phagoeytosis in granulation tissue in the oral eavity. Two large
phagoeytic polyblasts, the eytoplasm of which contains a large number of granules
of blood pigment from a nearby small hemorrhage. N, nucleus of the polvblast:
F, fibroblast; P, polyblast (plasma cell); CF, connective tissue fibrille,

4. Giant Cells.— Giant cells are sometimes found in granulation
tissue, although they are not an essential component of it. In an
epulis or in tuberculous granulation tissue, for instance, giant cells
are abundant; in granulation tissue around infected root ends, they
usually are found lining the surface of the surrounding bone as
osteoclasts but are not found within the granulation tissue itself.
(viant cells are derived most probably from connective tissue and
osteogenic cells by continued reproduction of the nueclei without
subsequent division of the protoplasm, or they develop by a fusion
of polyblasts; thus very large cells result with one protoplasmic body
and many nuclei. The function of giant cells is the elimination of
material that is rather resistant to dissolution, such as elastic fibers,
blood pigment and ealeified tissue.

{4
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CHARGES 18 GravvLaTioN Tisus 15 Case oF Ixcrease on DECREASE OF 4
Canoxic INFLAMMATION.

Elements of Typical Granulation Tissue: Fibroblasts, Connective Tissue Fibrilla,
Capillaries, Polyblasts (Lymphocytes, Plasma Cells, Various Phago-
eyvtes) ; occasionally Leukoeyvies, Giant Cells.

S| -

Acute exacerbation of inflammation: Decrease of inflammation :

Large increase in number of poly- Reduetion in numhber of polyblasis.
morphonuclear leunkoeytes.

Destruction of connective tissue ele- Large increaze in number of fibro-
ments (histiolysis). blasts: formation of connective

Discharge of cell débris, exudate, and tissue fibrills.
lenkoeyites as pus,

Termination in abecess formation, Termination in sear tissue formation.

This table gives a schematic outline of the changes that granula-
tion tissue may undergo under various conditions. Two practical
examples may illustrate conditions . and B of the table,

A, acute exacerbation of a chronic inflammation: An acute
dento-alveolar abscess develops from a chronie inflammatory con-
dition (granuloma) with all the clinical symptoms of an acute
purulent infammation. The connective tissue elements in the
eranulation tissue break down, and an abscess cavity is formed
filled with pus (leukocytes, bacteria and cell débris) (Fig. 131).

B, decrease of inflammation: A tooth with an infected root canal
and chronic periapical inflammation (granuloma) is extracted; the
granulation tissue remains in the socket. Within the next few days
following the removal of the source of irritation and infection the
fibrous elements in the granulation tissue proliferate, the polyblasts
disappear, and a connective tissue scar develops. Subsequently
bone is formed in the fibrous tissue of the scar. (Fig. 119.)

The conditions described under A and B are sometimes found
simultaneously in one granuloma. In the periphery farthest from
the tooth, scar tissue may be present, while toward the center there
will be an increase in inflammatory cells (polyblasts); at the very
apex the tissue will be breaking down and pus will be forming. Thus,
the tissue is prepared for all clinical possibilities. If the inflamma-
tion increases, the small area of pus formation around the apex will
spread, and a large abscess cavity will finally occupy the place of
the former granulation tissue; on the other hand, if the infection in
the root canal is controlled, the proliferation of connective tissue
elements and decrease of inflammatory cells will advanee from the
periphery toward the center until the entire granulation tissue s
transformed into sear tissue and ultimately into bone,
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HISTOPATHOLOGY OF THE VARIOUS MANIFESTATIONS OF
CHRONIC PERIAPICAL INFLAMMATION,

1. Granuloma.- The simplest form of chronic periapical inflam-
mation consists of granulation tissue replacing the periodontal mem-
brane and the alveolar bone around the root end. This is called
apical granuloma. An apical granuloma may vary from the size
of a pin-head to that of a large pea or even larger, depending upon
the length of its duration and upon the intensity of the inflam-
mation.

Fegl

i

FiG. 112.—Chronic pulpitis with formation of a pulp abscess under a deep cavity
in a lower second molar. FC, floor of eavity; A, pulp abscess; I, diffuse inflammatory
infiltration of the entire pulp; Od, odontoblasts on the distal wall of the pulp chamber;
V, enlarged bloodvessels in the digtal root eanal,

In a study of chronic periapical inflammation, it is best to com-
mence with the earliest inflammatory changes, which usually take
place when the pulp canal still contains some vital pulp tissue in a
state of extensive pulpitis. An example may illustrate this point.
In the microscopic examination of a lower human molar that had
been removed under the diagnosis of total pulpitis, the pulp reveals
severe inflammatory changes (Fig. 112). In the mesial pulp horn,
a large abscess has developed directly under the floor of a deep
cavity; this abscess is separated from the surrounding pulp tissue
by a distinet line of demarcation which, as well as an area of calei-
fication around the abseess cavity, indicates a chronic inflammation
of long standing. In the distal portion of the pulp chamber, the
pulp tissue shows diffuse infiltration and enlargement of the blood-
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vessels.  On the distal wall of the chamber, odontoblasts are still
present. The microscopie diagnosis of this condition would be
chronic pulpitis with large pulp abscess. The practical question
arises, are the periapical tissues already involved? Clinically, it
is known that frequently such teeth are sensitive to percussion,
which indicates participation of the periodontal membrane in the
inflammatory process. The microscopic examination of the root
ends of this molar reveals the presence of a circumscribed area of
round-cell infiltration in the periodontal membrane next to the
apical foramen (Fig. 113). The inflammatory cells are polyblasts,
mostly plasma cells, indicating an inflammation of long standing.

Fii. 113.—Meszial root end of the tooth shown in Fig, 112, Dense aceumulation
of inflammatory exudate cells (polyblasts) at the apical foramen. AT, apical foramen;
I, inflammatory round cells; PM, fibroug connective tissue of the periodontal
Tllﬁtllliﬂ!ﬂ{}.

The size of the area at the root end 1s certainly below elinieal visi-
bility; the entire condition is something like a microscopic perio-
dontitis but it is a typical periodontitis and can be considered the
first step in the gradual development of a more extensive periapical
inflammation. There can be no doubt that, as the inflammation
and destruction of the pulp advance rootward, the periapical inflam-
mation will increase; it will gradually extend beyond the periodontal
membrane and involve the alveolar bone. This specimen is addi-
tional proof for the statement made on page 122 that there is no
distinet dividing line between pulpitis and periodontitis, neither
elinicallv nor microscopically.

A few typical cases of apical granuloma of the kind most fre-
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quently found in clinical examinations follow. These specinens
were obtained by autopsy from human jaws. Since the radiograph
is most commonly used in dental practice to diagnose chronic peri-
apical inflammation, a radiograph of the actual jaw will accompany
the microscopic picture of the specimen.

(a) Solid Granuloma.—Fig. 114 illustrates a mesio-distal section
through the root end of an upper lateral incisor. The radiograph

Fig. 114.—5olid granuloma. Mesio-distal section through the root end of an
upper lateral incizor with decomposed pulp and imperfect root canal filling. The
radiograph of the specimen taken before decaleification is inserted in the lower right
corner. Due to a slight apieal curvature of the root. the root eanal is visible only at
the apieal foramen. AR, alveolar bone; GT, granulation tissue occupying the space
between alveolar bone and root; R, resorption of the root surface: PM. normal
perodontal membrane,

shows a poor root canal filling. Around the apex a sharply outlined
area of bone destruction extends about 2 mm. erownward from the
root tip so that the root end projects freely into the radiolucent
area. The rest of the periodontal space around the root appears
intact. The space around the root end is occupied by granulation
tissue; at the apical foramen a small accumulation of inflammatory
exudate cells is present, indicating that the center of irritation and
mflammation is located at this very point. That part of the root
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surface located withim the _Er':1t|lb|nn|;| shows rather extensive Ies0rp-
tion of both dentin and cementum, which 15 a rather common
occurrence in periapical infammatory processes of long standing
(see also Figs. 199-201).

In Fig. 115 a mesio-distal section through a lower first molar
with decomposed pulp and empty root canals is reproduced. The
radiograph shows a sharply outlined radiolucent area around the
mesial root end and a similar smaller and more indefinite area at
the apex of the distal root. The root canals appear empty. The

Fig. 115.— Mesio-distal section through a lower first molar with broken-down
crown and decomposed pulp. The radiograph of the specimen, taken before deeal-
eifiention, is inserted in the lower right hand corner. 1t shows a congiderable amount
of bone destruction around the distal root end and a small amount of bone
destruction around the mesial root end. This radiographic diagnosiz iz verified
h:.,- the section which shows a :-urn_ls[mr:ulinu amount of bone destruction and
granulation tissue (GT) at both root ends. PM, normal periodontal membrane in
the upper portion of the root,

histological section fully corroborates the radiographic findings.
Around both root ends the otherwise regular and normal periodontal
space has been widened considerably, the space between root sur-
face and bone being occupied by granulation tissue. In the periphery
of the granuloma the tissue is mostly fibrous; further toward the
apex are found an increasing number of polyblasts which reach their
densest accumulation in the tissue directly opposite the apiecal
foramen (Fig. 116G).

Fig. 117 shows a mesio-distal section through the gangrenous
roots of an upper first and second bicuspid. In the radiograph large,
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Fira. 116. —Higher magnification of the distal root end in Fig. 115. AF, apical
foramen; RI, round cell infiltration (polyblasts) near the foramen: CT, fibrous
connective tissue of the periphery of the granuloma; ARB, alveolar bone in an aplastic
stage, showing neither resorption nor new formation.

Fr. 117.—Mesio-distal section through the apex of an upper first bicuspid with
granuloma.

The radiograph of the specimen is inserted in the upper left corner,
[t shows large areas of bone destruetion around the root ends of both upper bicuspids.
AF, apieal foramen: P, breaking down of tissue and formation of pus at the foramen;

I, dense eellular infiltration next to the foramen; GT, granulation tissue; AR, alveolar
bonie.
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diffuse areas of bone destruction can be seen over each root end;
in the histological specimen this area is occupied by granulation
tissue. In the periphery next to the bone, the soft tissue consists
principally of fibroblasts and connective tissue fibers, few inflam-
matory round cells (polyblasts) being present. The fibrous connec-
tive tissue is arranged in the form of a capsule around the entire
pathological area, evidently walling off the latter from its surround-
ings. Toward the center of the process the polyblasts increase in
number. Opposite the foramen, the granulation tissue is densely
mfiltrated and is breaking down, discharging tissue débris and pus
into_the empty root canal.

Fra, 118, —Mesio-distal section through a lower second and third molar. The
third molar has an intact erown and an intact, vital pulp. P, open untreated pulp
canals of the second molar; CT, fibrous connective tissue occupying the large area
of bone destruction at the root end of the lower gecond molar. Notice the destruction
of bone along the mesial side of the mesial root of the third molar.

A slightly different kind of tissue reaction to chronic periapical
infection is seen in Fig. 118, a mesio~distal section through a lower
second and third molar. The crown and pulp of the third molar
are intact; the second molar carried a large metal filling extending
into the pulp chamber; the root canals are empty. The alveolar
bone has almost entirely disappeared around the distal root and
partly around the mesial root of the second molar; in the bifurca-
tion the process of bone resorption left only the crest of the inter-
radicular septum behind. At the mesial side of the mesial root of
the intact third molar the alveolar bone has been destroved and the
space formerly occupied by the bone is now occupied by fibrous
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tissue. A higher magnification of the soft tissue oceupying the
entire area of bone destruction shows dense bundles of fibrous con-
nective tissue of the typical appearance of scar tissue (Fig. 119).
The few exudate cells present in this tissue are distributed regularly
but with a slight increase in number near the root end. As a whole,
the character of the soft tissue gives the impression of a low-grade
chronic inflammation with a marked tendency toward formation
of scar tissue. In accordance with this finding is the presence of
tender trabecule of newly built bone at the walls of the soft tissue
area. The microscopic appearance of the bone surrounding such
areas of inflammatory soft tissue enables us to draw conclusions as to
the character of the process at the root end. As long as the inflam-

Fig. 119.—Higher magnification of Fig. 118. CT. irregular fibrous connective
tissue (scar tissue) without evidence of inflammation - AB, newly formed trabeoulse
of alveolar bone in the periphery of the sear tissue.

mation is still active, which means that it still has a tendency to
spread and mvolve additional areas of bone, marked symptoms of
osteoclastic activity will be observed on the bone lining the cavity.
If the process is at a standstill, clinically manifested by slight or no
changes in the radiographic appearance over a long period of time,
the bone around the involved area will be found m an aplastic
state: neither resorption nor new formation of any significance is
visible under the microscope. 1f there is a healing tendency, indi-
cated radiographically by a decrease in the size of the area of bone
destruction, new formation of bone will be encountered on the walls
of the bone cavity.

The preceding specimens of granulomas have the following
characteristics in common:
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. A distmet area of bone destruction around the apex is visible
in the radiograph.

2. This area, upon microscopic examination, i1 found to be
occupied by granulation tissue.

3. The granulation tissue presents various conditions correspond-
ing to various degrees of inflammation, namely, the formation of
fibrous scar tissue in the periphery, an increasing number of poly-
blasts toward the root end, and the breaking down of tissue and
pus formation at the apical foramen.

4, Either the bone surrounding the granulation tissue is in a
stage of inactivity or there is evidence of new formation of bone,
mdicating that the mflammatory process 1s of a mild and chronie
character and has no active tendency to spread or to involve
additional bone.

All these qualities characterize the chronic form of periapical
inflammation known as granuloma.

The solid granulomas just described may show elinically as well
as microscopically certain variations or conditions that represent
further stages in the development of the pathological process. Such
conditions are the breaking down of tissue and the formation of
cavities in the center of the granuloma, and communication between
the granuloma and the outside of the jaw by way of a sinus.,

(b)) Granuloma With Central Abscess Cavity.— Through disintegra-
tion of tissue in the center of the granuloma, abscess cavities are
formed, the sizes of which vary from one to several millimeters in
diameter. These cavities may be distinguished from dental eysts
by the absence of an epithelial lining; the wall of the cavity is
formed by granulation tissue rich in exudate cells, The mflamma-
tory lining is called a pyogenic membrane. Cells and cell débris
are discharged from the walls into the cavity, forming pus.

Fig. 120 illustrates a mesio-distal section through an upper first
and second bicuspid. The radiograph shows only a diffuse and
indistinet area of bone destruction around the root ends of these
two teeth. The microscopic examination reveals that only the first
bicuspid has a decomposed pulp; the pulp of the second bicuspid
is intact and vital. The root end of the first bicuspid rises into an
abscess cavity about 3 mm. in diameter which is partly filled by
pus. The lining of this cavity consists of granulation tissue; farther
out toward the periphery of the cavity the character of the tissue
approaches that of fibrous scar tissue, until next to the bone a plain
connective tissue capsule is found. The surrounding bone shows in
some places evidence of resorption.
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(&) Granuloma Connected With the Surface of the Alveolar Process
by a Sinus.—Frequently the inflammation does not stay within
the limits of the jaw bone, but finds its way through the bone and
through the overlying mucoperiosteal lining to the surface of the
Jaw. The perforation is connected with the granuloma inside of the
jaw by a duct lined with granulation tissue, clinically known as a
sinus, through which a slight discharge of pus or serum takes place.

Fra. 120, —Granuloma with central abscess eavity. Mesio-distal section through
an upper first and second bicuspid. The second bicuspid is intact and vital: the first
bicuzpid hazs a decomposed pulp and an infected root canal, A granuloma with
central abscess cavity has developed at the root end of this tooth. AR, alveolar
bone; CT, connective tissue eapsule: P, purulent exudate in the abseess cavity; PM,
normal periodontal membrane in the lower portion of the root.

The development of a sinus can follow the perforation of an acute
dento-alveolar process. After the acute symptoms have subsided,
the perforation fails to heal, and a small, fistulous opening sur-
rounded by granulation tissue remains, from which a yellowish
exudate is discharged. In other cases the sinus appears without
any preceding acute symptoms, indicating that a chronic inflamma-
tory process around the root end of a pulpless infected tooth has
gradually reached and perforated the overlying tissues.

The location of the opening of a sinus depends upon the topog-
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raphy of the infected root end and its surrounding tissues (see
page 1358). Most sinuses open into the labial or buccal vestibulum.
Oceasionally they are found on the lingual surface of the upper and
lower jaw, in the floor of the nose, and in the maxillary sinus. The
mflammation may also perforate through the skin, and a sinus
will then appear on the face. The latter condition is frequently
observed with fistulas originating in upper cuspids (skin fistula in
the region of the imner angle of the eye) and in lower incisors
(chin fistula). Children’s lower first molars with decomposed,

Fre. 121.—Chronic periapical inflammation with formation of a sinus. Buceo-
lingual section through a buccal root of a broken-down upper first molar. At the
root end an abscess cavity has formed from which a sinus leadsinto the bueeal veatibu-
lum. V, vestibulum (point of reflection of the mueosa of the cheek); S, sinus; GT,
granulation tissue forming the wall of the abscess cavity: FP, fibrous tissue of the
hard palate.

infected pulps have a tendency to form fistulas that perforate the
skin at the lower margin of the mandible and cause depressed,
funnel-shaped scars in this region.

Fig. 121 illustrates a bucco-lmgual section through the mesio-
buecal root of an upper first molar with decomposed pulp. A simus
leads into the vestibulum oris. Inside the alveolar process there is
a cavity into which the apex of the molar root projects. Pus in the
lumen of the cavity indicates that during life pus was discharged
from the abscess cavity mto the vestibulum.
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It is known from elinical experience that a sinus heals if the
inflammation inside of the jaw ceases. After the extraction of a
pulpless tooth or after successful treatment of a root canal, a sinus
will disappear. The same thing happens if drainage for the dis-
charge has been established through the root canal.

(d) Stgnaficance of Epithelium in the Granuloma.— Microscopic
examinations of serial sections have shown that, in from 40 to
o0 per cent of all chronie inflammatory processes of the periapical
region, epithelium is found in the granulation tissue. This epi-
thelium at the root end originates from the epithelial rests of the
periodontal membrane. Epithelial rests are present in every normal
periodontal membrane. They are derived from the sheath of Hert-
wig, the epithelial structure found at the apical end of every form-
ing tooth or root. The epithelial rests appear as small clusters or
strands of squamous epithelial cells lying between the fiber bundles
of the pertodontal membrane, and normally seem to remain in an
aplastic or inactive condition; at least we do not find any noticeable
difference between the size or number of the epithelial rests in young
and in old teeth.

If chronic inflammation develops in the neighborhood of the
epithelial rests, they seem to awake from their resting state. The
number of epithelial cells greatly increases by mitosis; the epi-
thelium begins to proliferate and forms epithelial strands or bands
in the inflammatory tissue around the infected root end. Usually
the epithelium, during its growth, comes into direct contact with
the root surface; here its relationship to the dental hard substance
(cementum) 18 identical to that found where the oral mucosa is
attached to the tooth surface: an epithelial attachment develops.

Some investigators claim that the epithelium in dental granulomas
is derived from the oral epitheliumm. While it cannot be denied
that an ingrowth of oral epithelium into a granuloma is possible
by way of a sinus, this form of epithelization must be considered
an exception rather than a rule. The author has convinced him-
self, through careful examination of serial sections through granu-
lomas in situ, that epithelimn can be found at the apex in cases
where absolutely no connection with the surface epithelium was pos-
sible. Therefore, it should again be stated that in the vast majority
of cases the epithelial rests of the periodontal membrane are the
source of the epithelinm in dental granulomas and root eysts,

Since epithehal rests are found in every periodontal membrane,
the question arises, why do we not find epithelium in every peri-
apical inflammation? Stein, who made a study of the apical tissues
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of pulpless teeth in sections through a large number of human jaws,
expressed the opinion that this variability depends upon the inten-
sity of the inflammation. In a very severe inflammation, the
amount and rate of tissue destruction is so great that the epithelial
rests are destroyed; consequently, after the acute inflammation
has subsided, no more epithelium is left to be a source of new
proliferation.

Dental root cysts develop from the epithelium in granulomas.
It is impossible to draw a sharp line between epithelium-containing
granulomas and radicular cysts, as in almost every case of granu-
loma with epithelium one or several areas mayv be considered as

FiG. 122, —Epithelium-containing granuloma. Section through the root end of
an upper molar with decomposed pulp and infected root canal. AB, alveolar bone;
CT, connective tissue; I, epithelium arranged in garlands around the apical foramen;
I, inflammatory round cell infiltration between the epithelial projectionz: RC, root
canal containing detritus and purulent exudate. (Stein, Ztschr. f. Stom., eourtesy
of Urban & Schwarzenberg, Berlin=Wien.)

the earliest stages of eyst formation. However, we will deseribe
separately granulomas that contain only such minute eysts, and
larger cysts that are clinically well-defined cavities of consider-
able size.

In Fig. 122, a mesio-distal section through the root end of an
upper molar with a decomposed pulp and empty root canal is illus-
trated. The apical foramen is located on the distal side of the
root end, The bone opposite the foramen has been destroved and
replaced by granulation tissue; around the opening of the root canal,
epithelium has proliferated into the granulation tissue and is
attached to the root surface above and below the foramen. The
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epithelium in this section appears to be arranged in garlands, sur-
rounding or including areas of connective tissue with round cell
infiltration.

Fig. 123 shows a section through the root end of an upper bicuspid
with decomposed pulp. Extensive epithelial proliferations are
present at the root end. The epithelium is attached to the root
surface and is surrounded by granulation tissue showing a low-grade
inflammation.  The squamous epithelium has formed a typical
hornified cuticle on the surface of the root, which reaction is iden-
tical to the formation of hornified (secondary) cuticle on the tooth

Frg, 123.—Root end of an upper bieuspid with decomposed pulp. Solid mass of
epithelium present in the apical granuloma, E, epithelial proliferations at and
near the root end; EA, epithelial attachment to the root surface: CH, cementum
hyperplasia above the epithelial attachment: I, round cell infiltration in the connec-
tive tissue between the epithelial strands; CT, connective tissue capsule. (Gottlieb,
Jour. Am. Dent. Assn.)

surface underlying the epithelial attachment. Above the end of
the epithelial attachment a cementum hyperplasia has developed
(see also Iig. 186).

2. Radicular Cysts (Root Cysts, Dental Cysts).—The squamous
epithelium at the root ends of pulpless teeth has a marked tendency
toward the formation of cystic cavities. Cysts are pathological
cavities lined with epithelium, and when they are found at the root
ends of pulpless teeth, we speak of radicular evsts, root cysts, or
dental cysts. Thus a dental eyst may be defined as a pathological
cavity of inflammatory origin in the alveolar bone, lined by epithe-
lium derived from the epithelial rests.
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Radicular cysts can develop in two ways. An abscess cavity
may be formed by the inflammatory breaking down of the tissue
around the infected apex of the root, following which the squamous
epithelium, because of its inherent tendency to cover and line raw
surfaces, covers the wall of this cavity. The other possibility is
that cystic degeneration takes place within the epithelial strands
themselves, and the epithelial masses are hollowed out, enlarged,
and transformed into cysts.

The earliest stage of cyst formation, the growth of a central
cavity inside of a solid strand of epithelium, is illustrated in Fig. 124.
Here a small eystic cavity is forming by the breaking down of the
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Fig, 124.—Earliest stage of eyvst formation. Cuystic degeneration in epithelial
miasses near the root end of an upper incisor with infected root canal, Cy, cystic
degeneration within an epithelial mazs; I, small =olid mazs of epithelial eolls: I, round
cell infiltration; RE, root end.

epithelial cells in the center of the strand and by subsequent accu-
mulation of fluid.

IFig. 125 shows a mesio-distal section through the bucco-distal
root of an upper second molar with decomposed pulp. A granuloma
is present at the apex, in the center of which a cystie cavity lined by
epithelium (dental e¢yst) has developed. The inflammation is con-
siderable as indicated by the presence of a large number of poly-
blasts in the granulation tissue and by an accumulation of free
cells and cell débris (pus) around the apex. The epithelium of the
eyst cavity is attached to the entire cireumference of the root
with a typical epithelial attachment. The pus at the apical
foramen 13 the result of a discharge of inflammatory cells, leukoeytes
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and polyblasts, from the granulation tissue into the cyst cavity.
Uatvm lasts on the surrounding bone indicate that the evst has an
active tendency to grow.

In large radicular cysts the inflammation is sometimes of a ve Iy
low grade, the fibrous tissue surrounding the eysts showing few
inflammatory changes; the eyst wall is smooth and lined by a thin,
even layer of stratified squamous epithelium. The content of
the cyst gradually changes from a purnlent exudate to a clear,
vellowish, serous fluid. This fluid sometimes contains a large
number of long, thin, spear-shaped erystals of cholesterol.  Cho-
lesterol is normally found in small quantities in the bile and in the

Fra, 125.—=mall radicular eyst formed by epithelization of the wall of an abscess
cavity at the root end. Upper molar. E, epithelial lining of the eyvel cavity: I,
purilent exudate within the cyst next to the L;::il al Toramen; EA, epithelial attach-
ment of the cyst epithelinom to the root surface: OT, connective tissue: AR, alveolar
bone; I, resorption of the alveolar bone, The presence of bone resorption indicates
that the eyst wos growing ot the time the individual died,

blood. Under pathological conditions it is abundant in some types
of gall stones (cholesterol stones), and it may also be found any-
where in the body where tissue decomposition, especially decom-
position of epithelial tissue takes place. Pure cholesterol is a solid,
white substance that erystallizes in the form of long, thin needles,
it is soft and has a silky, oily feeling. Chemically it is a monat-
omic aleohol derived from a complicated hydrocarbon.

(Cholesterol ervstals are fl‘n{ll:*mh' observed suspended in the
Huid of dental eysts, appearing as fine, glittering flakes. They seem
to be the end-product of the 1'l:h]ITl!1I|{I|ll.-a desquamation and disin-
tegration of epithelial tissue from the cyst wall.  If specimens of

11
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cystic periapical processes are treated with aleohol or ether during
the preparation of microscopic slides, the cholesterol itself is dis-
solved away; however, in the final specimens the spaces originally
occupied by the needle-shaped crystals can be recognized easily
(cholesterol slits).

Iig. 126 1s a section through the root of an extracted upper molar
with decomposed pulp. A eyst of about 8 mm. in diameter came
along with the root in extraction. The inside of the cyst is filled with
a mass of coagulated fibrin that shows a large number of fine,
streak-like spaces. In a higher magnification (Fig. 127) these spaces

Fra., 126.—Hoot end of an extracied upper molar with root eyst attached too at.
Ch, mass of cholesterol and fibrin in the evst,

appear as impressions of the needle-shaped cholesterol erystals
that were originally enclosed in the mass of fibrin. When the
specimen was treated with alcohol and ether, the cholesterol was
dissolved so that only the outline of the crystals is now visible.
The wall of the eyst is hined by several layers of stratified squamous
epithelium; the surrounding fibrous connective tissue shows only
very little mfiltration, indicating a chronie, low-grade inflammation.

Radicular evsts in the jaw occasionally become very large, and
may cause a slowly growing prominence on the outer surface of
the bone. This prominence is at first covered by a thin plate of bone,
which later disappears as a rvesult of the continued pressure of the
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cyst.  When the bone has disappeared, the evst wall lies dirvectly
beneath the oral mucosa and can be felt by the palpating finger.

A large dental cyst of this type is illustrated in Fig. 128. The
patient, a boy aged eight years, had a slowly growing, painless
swelling on the right side of the maxilla. The right deciduous cen-
tral and lateral incisors were still in place; on the left side the
permanent central and lateral incisors had already erupted. Both
right deciduous incisors appeared clinically intact; the deciduous
central incisor, however, was markedly discolored, which, in con-
nection with the history of a trauma (blow), suggested death of
the pulp with subsequent periapical infection. The radiographic
examination revealed the presence of a large cavity in the bone
imvolving the entire anterior portion of the right maxilla. In the
upper part of this cavity the displaced crowns of the permanent

1 ..."{#."“ -
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Fig, 127.—High magnification of Fig. 126. Cholesterol slits (CR) in a radicular
eyst. The cholesterol forms needle or spear-shaped erystals which leave slits of the
same shape after the cholesterol has been dissolved in the preparation of the specimen.

ineisors are visible. The root end of the deciduons central meisor
is markedly resorbed. These radiographic findings lead to the
diagnosis: traumatic death of the pulp followed by infection and
mflammation of the periapical tissue and resorption of the root;
development of a dental cyst with displacement of the crowns of
the permanent teeth by the pressure of the growing cyst sac.

This diagnosis was veritfied by the operation, which consisted of
the removal of the central and lateral deciduous imcisors together
with the surrounding soft tissues and part of the cyst sac. In the
months following the operation the misplaced permanent incisors
showed a very marked eruptive movement, and are expected finally
to assume their normal place i the jaw.

The specimen removed during the operation was sectioned in
labio-lingual divection. Fig. 128 shows the central incisor with its
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mtact crown and necrotie, decomposed pulp. The upper half of
the root has been extensively resorbed; the root end extends into
a large eystic cavity, which, through the apical foramen, com-
municates with the contents of the pulp canal. The wall of the

FiG. 125, —Large radicular eyvst originating from a deciduous right upper central
incisor following traumatic neerosis of the pulp, The radiograph shows the resorbed
root end of the deciduous ineisor projecting freely into the eyst eavity., This obser-
vation iz substantiated by the microscopic finding of extensive resorption of the
root end. NP, necrotic pulp tissue; Cy, cyzt eavity: E, epithelial lining of the evst;
CT, connective tissue capsule of the ecyvst: KAS, epithelinl attachment of the oral
epithelium to the enamel; EA", epithelial attachment of the ecyvat epithelinvm to the
resorhed root surface,

cyst consists of a dense, fibrous connective tissue capsule with an
mner lining of stratified squamous epithelium. It is interesting to
notice that the tooth shown in Fig. 128 has two epithelial attach-
ments: one in the usual place, where the gingival epithelium is
attached to the tooth surface, and the other where the cyst epi-
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thelium is attached to the cireumference of the root. Under both
epithelial attachments a hornified (secondary) cuticle can be found
(Fig. 129).

The periodontal membrane surrounds that portion of the root that
lies between these two epithelial attachments: the firmmess of the
tooth depends largely upon the extent of root surface remaming.

Fig. 129, —Higher magnification of EAY in Fig. 125. D. dentin; Cu, hornified
secondary cuticle on the resorbed dentin surface: EA, stratified suamons epithelial
cells of the epithelial attachment: CT, connective tissue.

5. Acute Exacerbation of Chronic Periapical Inflammation. [t has
been mentioned i the discussion of acute periapical inflammation
that the majority of acute dento-alveolar abscesses develops from
chronic inflammations such as granulomas or eysts. The reasons
for such an acute exacerbation may be manifold. Sometimes a
chronie condition may turn into an acute abscess apparently for no
reason, unless perhaps because the virulence of the bacteria in-
creases or the general resistance of the organism decreases to
a point where the infection breaks down the wall of resistance and
defense that has been built up around the chronic process, Ire-
quently, however, some outer interference is responsible, especially a
change in drainage conditions. For instance, if a chronic inflamma-
tory process steadily discharges a small amount of fluid through
an open root canal into the oral eavity, usually no elinical symptoms
will be present. If, however, the root canal is obstructed by coagi-
lated fibrin or débris, the retention of fluid (pus) within the bone may
ause an acute exacerbation with pain, swelling and fever, a sudden
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imerease i the number of leukocytes, and an acute abscess forma-
tion. In the same way acute exacerbations following root canal
therapy on pulpless teeth may be accounted for. The manipulations
in the root canal and at the apex disturb the equilibrium between
the bacteria in the periapical process and the defense mechanism
of the organism; the infection spreads and causes antacute abscess.

Iig. 130 shows a mesio-distal section through the posterior part
of the upper jaw. The crowns of the upper second and third molars

Fia. 130, —Exacerbation of chronie periapieal inflammation: formation of an
acute abseesz. Mesio-distal section through the posterior portion of the maxilla.
Second and third molar with decomposed infected pulps. The radiograph in the
lower left corner shows the carious destruction of the erowns and the extensive
periapical bone destruetion. A, abszcess eavity extending over the lingual roots of
both molars: M=, Aoor of the maxillary sinus; Hy, hypertrophic sum tigsue loeated
in the cavity on the distal side of the second molar (gum polypus).

are broken down and the pulps are decomposed. An acute alveolar
abscess around the roots of the teeth has developed from a chronic
inflammation. A cavity of irregular outline and of more than 1.5 cm.
in diameter is present around the root ends of the upper molars,
The abscess cavity 1s filled with large masses of pus, and the walls are
densely infiltrated with mflammatory round cells, which extend into
the marrow spaces of the surrounding bone. The presence of epi-
thelium in the granulation tissue around the abscess cavity and
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the arrangement of fibrous tissue in the form of a capsule indicate
that the inflannmation must have been of long standing and that
only shortly before the death of this individual an acute exacerba-
tion had developed. A higher magnification of the periphery of the
abscess eavity reveals the spreading of the inflammation bevond
the fibrous capsule; the neighboring bone is lined by osteoclasts
indicating that active bone destruction has taken place (Fig. 131).
Almost all of the inflammatory round cells in the tissue around the
abscess and in the pus are polymorphonuclear leukoeytes.

" Tem

Fra. 131, —Higher magnification of the periphery of the abscess cavity in Fig. 130,
ARB, alveolar bone; OC, osteoclasts; I, inflammatory exudate cells, mostly poly-
morphonuelear leukoeytes. The presence of these leukoeytes and of the large
number of osteoclasis indicates an acute inflammatory process with progressive bone
destruction,

4. Periapical Inflammation in Its Relationship to the Maxillary
Sinus.—The root ends of the upper posterior teeth are often in
intimate contact with the maxillary sinus (antrum of Highmore):
thus, inflammatory processes originating from these teeth may have
a direct influence upon the condition of the sinus,

The maxillary sinus is a eavity lyving within the body of the
maxilla. It communicates with the nasal cavity through an open-
ing, the maxillary ostium, that leads into the middle meatus. The
maxillary sinus has the approximate shape of a pyramid; the base
of the pyramid is formed by the lateral wall of the nasal cavity,
the tip lying in the zygomatic process. The other boundaries of
the maxillary sinus are: the anterior wall, which is formed by the
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anterior plate of the maxilla (canine fossa); the lower wall, formed
by the alveolar process; the posterior wall, formed by the maxillary
tuberosity, and the upper wall, formed by the floor of the orbit.
The maxillary sinus is lined by colummnar ciliated epithelium with a
very thin submucosa.

The size of the antrum is subject to great individual variation.
In the antero-posterior dimension the sinus may extend from the
cuspid region to the third molar and into the maxillary tuberosity.
The other extreme is a small sinus that does not extend over more
than two or three posterior teeth.

The height of the maxillary sinus also 1s extremely variable. A
large sinus may extend far down into the alveolar process, diverticles
being located between the roots of the upper molars and bicuspids,
so that these roots appear as elevations rising above the floor of the
sinus. In such cases, only a very thin plate of bone is found between
the sinus and the root ends of the teeth. Sometimes even this thin
septum of bone is missing, and the apex is covered simply by the
mucous membrane of the sinus. In other cases there 15 a thick laver
of bone between the floor of the sinus and the apices of the upper
posterior teeth, this distance being 6 or 8 mm. or even more. Con-
sequently, in the first case, a periapical inflammatory process will
almost invariably involve the floor of the sinus; whereas, in the
other extreme even an extensive inflammation of dental origin is
not likely to extend into the antrum. A case of the latter type has
been illustrated in Fig. 130, where, in the presence of an extensive
inflammation in the maxilla, the sinus appeared not at all affected
due to the distance between it and the diseased area,

I'ig. 132 illustrates a mesio-distal section through the lingual
root of an upper second molar with decomposed pulp. The root
is prominent above the floor of the maxillary sinus, its apex lyving
about 4 mm. higher than the deepest point of the sinus. The root is
surrounded by a thin plate of bone, which at the same time repre-
sents the wall of the sinus and the alveolar bone of the tooth,
Around the root end a granuloma has developed; as a result the
distance between the root surface and the bone is greater than
the width of the normal periodontal membrane on the sides of
the root. Probably the root was originally surrounded by a uni-
formly wide periodontal membrane and by a normal plate of bone;
later, when the inflammation developed, the bone was resorbed on
the inside of the alveolus, resulting in compensatory new formation
of bone on the upper (outer) side of the alveolar plate. The bone
plate gradually became more distant from the root surface until
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the present condition resulted.  The mucosa of the maxillary sinus
covering the prominence caused by the presence of the root is
histologically normal.  If a chronie periapical inflaniation like
the one illustrated in Fig. 132 persists over a long period of time,
it may be expected that the dividing tissues between the inflam-
mation and the lining of the sinus will finally be destroved and the
latter will become involved. This condition is illustrated in the
next case,

- svl
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Fic. 132, —Relationship between periapical infection and maxillary sinus.  Mesio-
distal seetion through the lingual root of an upper second molar with decomposed
infected pulp. The apical foramen of thizs root is loeated about 4 mm. above the
deepest point of the maxillary sinus, MS, GT, granulation tissue at the ront end:
AB, alveolar hone prominent over the foor of the maxillary sinus.  The mueosa of
the maxillary sinus is intaei.

Fig. 133, a mesio-distal section through the posterior part of the
upper jaw, shows an upper first and second molar with broken-down
crowns and decomposed pulps and a third molar with intact pulp.
The maxillary sinus is large, extending over the area of the root
ends of all three upper molars. At the root end of the second molar,
a cyst of about 1 em. in diameter has developed; the apex of the
tooth rises freely through the floor of the eyst. At its highest point
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Fira. 133.—Relationship between periapical infection and maxillary sinus, Mesio-
distal section through the posterior part of the maxilla with first, second and third
molars.  All root ends are close to the floor of the maxillary sinus. The pulp of the
second molar is decomposed and infected. At the root end o eyvst has developed
which eaused an elevation of bone over the floor of the maxillary sinus and finally
perforated into the sinus at the highest point of this elevation. The lower portion
of the eyst contains purulent exudate.

Fra. 134. Fia. 135.
Fias, 134 and 135.—Higher magnification of the eyvat wall in Fig. 133,
Fra. 134.—Lower portion of the cyst wall, SE, stratified squamons epithelinm;
I, subepithelial round-cell infiltration: P, purulent exudate,
Fra. 135.—Upper portion of the evst wall. CE, colummar epithelium originating
from the maxillary sinus; I, subepithelial round-cell infiltration (polyblasis).
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the cvst has perforated into the maxillary sinus, and there is an
open communication between the eyst cavity and the antrum. The
eyst is partly filled with desquamated epithelial cells, polyblasts
and coagulated fibrin. This particular case offers several interest-
ing points. In its lower portion, the wall of the cyst is lined by
stratified squamous epithelium (Fig. 134) as is usually found in
dental eysts. In its upper part, however, the epithelial lining con-
sists of columnar epithelium (Fig. 135), as is characteristic of the
accessory sinuses of the nasal {*an‘it}.'. Fvidently the lower portion
of the cyst still contains the original cyst epithelium; whereas, the
upper part has become covered with epithelium originating from
the adjacent maxillary sinus.  The structure of the bone which
forms part of the cyst wall and which rises from the floor of the
sinus is decidedly different from the structure of the bone bordering
the sinus over the first and third molars. This indicates that the
hone around the evst was formed only recently. The mucosa of the
maxillary sinus covering the mesial prominence of the eyst shows
rather extensive inflammatory changes, indicating the presence of
circumscribed sinusitis.  The rest of the mucosa in this area does
not show any pathological changes. The extraction of the second
molar would, at least temporarily, create a communication between
oral cavity and maxillary sinus.

CONDENSING OSTEITIS (BONE SCLEROSIS) DUE TO CHRONIC
PERIAPICAL INFLAMMATION.

In the preceding paragraph rarefying osteitis of the jaw-bone
was deseribed. But chronie inflammations about the root ends of
infected teeth do not always lead to bone destruction. Sometimes
a low-grade irritation of long standing, instead of destroying the
bone, causes hypertrophy in a circumseribed area. This condition
is called bone sclerosis,

Histologically, the sclerosed area may consist of either a mass
of bone trabecule of much denser arrangement than the surround-
ing bone, in which ecase the border between normal and abnormal
bone might be rather indefinite, or of a mass of very compact
bone having few marrow spaces, in which case the compact bone 1s
usually separated from the surrounding marrow spaces and cancel-
lous bone by a distinet line.

The radiograph shows a corresponding difference between these
two types of condensing osteitis. In some cases a diffuse area of
denser bone is present around a tooth with chronie infection of the
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pertodontal tissues, while in other cases a sharply outlined, dense
mass of bone is located next to the diseased root end. Thus the
radiograph offers an effective and the only method of discovering
such areas in the bone,

No certain therapy is known for this condition, as it is very
difficult, especially in more diffuse cases, to localize and surgically
to remove the condensed area of bone. The extraction of the tooth
that caused the inflammation in the bone by no means causes the
area of bone condensation to disappear; in fact it usually persists.
Such remaining areas of dense bone have sometimes been suspected
as areas of “residual infection™ in the jaws.

This question is, of course, difficult to decide, since material for
both bacteriological and histological examination of such bone is
hard to procure; however, it is the author’s opinion that the potential
danger of such areas in the jaw has been greatly overemphasized.
After the removal of an infected tooth the chances of the infection’s
remaining are very small; the healing tendency and resistance of
the organism are usually sufficient to overcome any infection that
might incidentally be left behind. But it cannot be expected that
an area of condensed bone that has developed in the jaw over a
period of years should disappear after the irritation has subsided:
usually such an area will persist and form a bony scar.

To the author’s knowledge, condensing osteitis of the jaws has
been demonstrated only radiographically or by bone specimens
removed in surgery, but as yet has not been studied in histological
sections through the condensed hone in connection with teeth and
surrounding jaw. The accompanying photomicrographs were pre-
pared in order to bring out more clearly the relation of the sclerosed
bone to the surrounding tissues.

The specimen in Fig. 136 was taken from a human jaw of which
neither radiographs nor other data were available. It shows a
mesio=distal section through the mandible. A small root end of the
lower first molar, the surface of which has been badly destroyed and
hollowed out by caries, is attached superficially to the jaw bone.
The bone underneath the root end is distinetly different from the
bone in the rest of the jaw; the trabeculwe are much denser, with only
very sinall marrow spaces between them. In this case the chronic
irritation from the retained and infected root tip must be held
responsible for the condensing osteitis under the root. It is prob-
able that this bone area would have remained in the jaw after the
complete elimination of the root.

In Fig. 137 a radiograph is reproduced that was taken of the right



CONDENSING OSTEITIR 173

maxilla of a man aged thirtv-eight vears. The jaw was edentulous
distally from the first bicuspid; the soft tissues on the ridge appeared
completely healed. In the radiograph a dense area is seen in the

Fia. 130, Bone aclerosis due to chronte III'.\.'r#']';l_Il_q_' i“ﬂ“:]"].;”i.;” around Lhe
distal root of o broken-down first molar. R, root with carious surface; 5B, area of
sclerosed bone below the root end; M, intact second molar.

Fra. 137.—Mesio-distal =zection through an edentulous maxilla. The radliograpsh
in the right upper corner shows a distinetly outlined radiopagque ares in the posterior
portion of the maxilla. SL, soft tissue lining of the edentulous maxilla: CR, cancellous
bone of the maxilla; SB, sharply outlined area of compact bone lvinge next to the
surface of the hone,

alveolar ridge in the region of the molars, which looks very much like
a root. IHowever, upon close examination no periodontal space as
15 usually observed around healed-in roots could be found ; there is
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a diffuse transition between the dense area and the surrounding
cancellous bone. This fact makes the diagnosis of an area of con-
densed bone most probable. The edentulous part of the jaw was
sectioned mesio-distally. These specimens show a sharply outlined
area of compact bone in the region in which radiographically there
was great resistance to the penetration of the rays (Fig. 137).
Neither the bone nor the surrounding fat marrow shows any
trace of inflammation, and it is difficult to determine the etiology
of the circumseribed bone condensation. Most probably at some
previous time an infected molar root caused irritation and subse-
quent bone condensation, similar to the condition illustrated in
Fig. 136. Later on, this root was extracted or fell out and the dense
bone remained, now a non-inflamed, bony scar. Of course, it also
is possible that originally a rarefying osteitis was present around
the infected root and that, after the infection had subsided, the
former granuloma was transformed mto fibrous scar tissue, which
was changed mto compact bone.

In view of the microscopic findings in these and several other
cases of condensing osteitis caused by infected teeth, surgical inter-
ference is contraindicated in areas of compact bone. After the
removal of the infected tooth, the remaming bony scar is free
from inflammation, and nothing would be gained by its removal;
besides, since the transition from condensed bone to normal can-
cellous bone is frequently very mdistnet, a clean surgical removal
of all selerotic bone would be very difficult.
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CHAPTER VII.
TISSUE CHANGES FOLLOWING ROOT CANAL THERAPY.

ANATOMY OF THE HUMAN ROOT CANALS.

kxowLEDGE of the anatomy of the human root canals is essential
for all systematic root canal therapy. The mvestigations of the
last decade have brought about so much new and basie imformation
on the form and arrangement of the root canals that it seems neces-
sary to describe the most typical forms before entering into the
discussion of the tissue changes associated with the treatment of
these canals.

Through the apical foramen the dental pulp is connected with
the blood and nervous systems of the jaw. In a certain percentage
of teeth this connection is established by a smgle strand of tissue
that passes through one wide straight apical foramen. Much more
frequently, however, the pulp is divided at the root end into several
branches that pass through the dentin and cementum by several fine
canals.

In case of one simple apical opening a number of variations can
be observed, which will be illustrated by means of longitudinal
sections through root ends of teeth in position in the jaw, The
simplest known form of apex is illustrated in Fig. 138. The apical
foramen is simply a continuation of the wide, straight root canal,
its opening lying in the most apical portion of the root. The
bloodvessels and merves of the pulp pass through the foramen
and conmect through the adjacent bone with the main vessels and
nerves of the jaw. The apical foramen itself is formed by cemen-
tum; the border between cementum and dentin, the dento-cemental
junction, has no significance whatsoever in the form or diameter of
the apical foramen, nor is there any indication that the foramen is
the narrowest point in the entire root canal. While there is in
some cases a narrowing of the root canal in its apical part, frequently
the root canal 15 of uniform width throughout, and sometimes it
even becomes wider at the apical foramen. The author wishes to
emphasize this point as there seems to be a rather widespread opin-
on among practitioners that the foramen is always the narrowest
point in the course of the root canal and, therefore, may be recognized
clinically.
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The simple, straight form of apical opening illustrated in Fig. 138
15 not frequently found. In examining histological sections of var-
ious human teeth of different ages this type of foramen was found
only in about 22 per cent, or about one-fifth of several hundred
cases. More frequently the apical part of the root canal shows a
certain degree of curvature; either the entire root end is curved, or

Fia. 138, Apex of upper central ineisor, Straight, wide root canal.  Slight constrie-
tion of the canal at the apieal foramen. (Coolidge, Jour. Am. Dent. Assn.)

the root end is straight and the canal is curved, so that the foramen
will not be located at the extreme end of the root. This is illustrated
i Figs. 139 and 140.  In Tig. 139 the foramen is found at the very
tip of the root, hut the entire apical portion of the root is curved.
In Fig. 140 the root end is straight, but, due to a deviation of the
the root canal, the apical Toramen is located on the side of the
root tip.
12
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In the majority of human root ends the root canal does not run
as one single canal all through the dentin, but is separated into two
or several canals near the root end. These divisions of the root
canal are called apical ramifications. Other root canals have
bhranches that run at right angles from the main canal to the root
surface; they are called lateral branches. The frequent occurrence

Frc. 1349, — Apex of mesial root of lower second molar. The root end is slightly curved
toward the distal side. (Coolidge, Jour. Am. Dent. Assn.)

and clinieal importance of these structures have not been recognized
until recently. Only through the painstaking investigations of
Hess do we have complete knowledge of the anatomical variations
in human root canals in different groups of teeth.!

I The results of the work of Hess and hig associate, Zircher, have been published
in English under the title, “The Anatomy of the Root Canalg of the Teeth of the
Permanent Dentition. The Anatomy of the Koot Canals of the Teeth of the
Deciduous Dentition and of the First Permanent Molars” (London, J. Bale, Sona
aned Dunidelsson, 1925). The stady of this book is highly reeommended to any one
interested in the minute anatomy of human root canals.
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The following technique was used by IHess for his investiga-
tions: A large number of intact human teeth were collected and
recorded separately as to kind of tooth and age of patient. The
pulp chambers were then opened and the organic content of the
pulp canals removed by maceration and rinsmg. After the canals
were thoroughly cleaned, unvuleanized soft rubber was pressed into

Fra. 140, —Apex of a cuspid.  The root end is straight but the root canal is eurved,
As a result, the apical foramen is not loeated at the root end but on the side of the
root. (Coolidge, Jour. Am. Dent. Assn.)

them from the pulp chamber until the rubber completely filled all
spaces inside the tooth. Then the tooth was put in the vuleanizer
and vuleanized until the rubber in the canals had become hard.
By subjecting these teeth to the action of a strong acid, the entire
dentin was corroded, and the remaining vuleanite east represented
an exact reproduction of all hollow spaces inside the tooth. These



180 TISSUE CHANGES FOLLOWING ROOT CANAL THERAPY

vulcanite casts were studied, and the number and distribution of
the ramifications recorded. A few of the specimens of Hess will
be reproduced here, as they give a clear picture of the inside
anatomy of human teeth.

I'ig. 141 shows the vulcanite casts of four upper central incisors.
Two of the illustrated teeth have simple root canals without branch-
ing; whereas, of the other two, one shows several small apical
branches, and the other shows a larger canal at right angles to the
main canal. Similar conditions are found in upper lateral incisors

(Fig. 142).
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Fros, 141-150,—Anatomy of the root canals of human permanent teeth. {Hess,
Zelhweiz, YVrtljsehr. [ Zhk.)
Fia. 141, —Vuleanite eagis of the r ot eanals of the upper central ineisors. A B,

single straight canal; C, apical ramifications; D, lateral branch,

Fic. 142.—Upper lateral incisors. A, single straight canal; B, C. D lateral
branches.

Fia. 143.—Lower central and lateral incisors. A, B, I, partial division of the
main eanal : O, single wide canal.

IF1:. 144.—Lower cuspid. A, B, single wide canal; C, D, two canals.

IFic. 145.—Upper enspid. A, single wide canal; B, apical ramifieation: ., D,
lateral branches.

IFig. 146.—Upper first biecuspid, A, single wide canal; B, C, I, different forms of
two canals; B, connecitions between the two canals,

Fig. 147.—Upper second bieuspid. A, single wide canal; B, zingle canal with
apical ramifications; O, two canals; I}, partinl division of the eanal with apieal
ramifications. .

Fia. 148.—Lower first and second bicuspids. A, B, D, apieal ramifications:
C, partial division of canal.

Fia. 149, —Lower first and second molars, A, C, three canals with apical rami-
fications; B, connections between the two mesial canals: B, I', wide canals with
apieal ramifications; 1), four canals.

I'1g. 150.—Upper first and second molars. A, B, three canals with apieal rami-
fications; C, two canala: 1, E, irregularities of the bueeal canals: I°, four canals,
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In the lower incisors ad cuspids, the most remarkable anatomical
variation is the occurrence of two mam canals that may separate
either on the level of the pulp chamber or further apically, Hess
found such divisions in lower incisors in 37 per cent of all cases, and
in 43 per cent of all lower cuspids (Figs. 143 and 144).

The upper cuspid has a straight root canal which s much wider
than the one of the upper incisors.  In about 25 per cent of all upper
cuspids apical ramifications are observed ; sometimes a lateral branch
leaves the main eanal in its apical portion at a right angle (Fig. 145).

In the upper bicuspids the anatomy of the root canals is rather
complicated. Aceording to the investigations of Hess, 19.5 per cent,
or one-fifth of all upper first bicuspids have one single, wide canal
(Iig. 146, A). The remaining four-fifths have two ecanals with
numerous finer branches, some of which comnmeet the two canals
with each other (FFig. 146, I5), while others represent apical ramifica-
tions (Fig. 146, C, D). In the upper second bicuspid the division
into two canals is less frequent; 56 per cent, or more than one-half,
show one single canal (Fig. 147). Apical ramifications are very
COTNIMON,

Lower bicuspids (Fig. 148) usually have one root canal, a division
into two canals being more frequent in the second bicuspid than in
the first,

Lower molars vary greatly in form and number of root canals
as follows (Hess):

1 canal. 2 canals. 3 canals. 4 eanals,

Lower molars . . 0.3 per cent 17.7 per cent T8 per cent 4 per cent

Apical ramifications are frequently found on all roots (Fig. 149).
Mesial root canals are usually connected to each other by fine
branches running horizontally from one main canal to the other
(Fig. 149, E). The lower third molar usually has two canals with
comparatively few ramifications,

The upper first and second molars usually have three canals;
this number may be mereased to four by a division of the mesio-
buceal canal (Fig. 150, D, I).  Apical ramifications were found in
more than one-half of all upper molars examined. The root canals
of the upper third moelar vary more than those of any other tooth;
anywhere from one to four or five root canals can be found.

In deciduous teeth similar anatomical conditions were reported.
Hess showed that deciduous imcisors and cuspids, as a rule, have
short, wide, single root canals with oecasional ramifications.  Decid-
uous molars, however, have complicated root canals; both upper
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and lower molars frequently have four canals and, in addition, many
ramifications.

The average frequency of irregularities in the anatomy of the root
canals of human permanent teeth was shown by Hess in a table
which is reproduced here in abbreviated form. Hess differentiated
between apical ramifications, a term he used only for the terminal
branches of the main canal, and marrow canals or lateral branches,
connections between the main canal and the periodontal membrane
at some other place along the root than at the apex. In this table
apical ramifications and lateral branches are recorded separately.
Several thousand teeth of patients of all ages were used for these
investigations; thus, the figures present the average of different
ages. It was found that in very young teeth the number of branches
and ramifications is small, since the final differentiation and con-
figuration of the root end has not vet been reached. Between the
ages of twenty and forty vears the number 1s largest.  Later in life
some are obliterated by progressing dentin formation, so that in
older teeth fewer ramifications are encountered.

THE RELATIVE FrEgQUENCY OF Arican HasmiricaTions axp LaTEraL BraNcHES 1%
Hisvaxn Penumasext TeErs, (ArTEr HEess.)

Apical Lateral
ramifications, hranches,
Foinel of tooth. per eent, per rent.
Upper central incisor e e B 21
Upper lateral incisor | | a2
Uppercuspid . . . . . . . 25.5 1=
Lower central and lateral incizsor R S 10
Lower cuspid . e e 1 12
Lower first bicuspid . . . a4 17.3
Lower second bicuspid . o G oa s el ()
Upper first bienspid . . . . . . . 41 15
Upper second bicuspid : ST 5l 19
Upper first and second molar Wl G7 11
Upper third molar R e ) 23
Lower first and second molar T 13.5
Lower third molar B g ey Pl PR et | || G

In histological specimens these ramifications can easily be studied
in serial sections.  Figs. 151 to 154 illustrate cross-sections through
the apex of a human lower first bicuspid at different levels. In
Iig. 151, a cross-section through the root in its lower third, the
root canal is single; slightly toward the apex (Fig. 152) the canal
changes its shape; here a smaller branch can be seen leaving the
main canal. In Fig. 153 the lateral branch has become completely
separated from the main canal. The latter splits again as it ap-
proaches the root tip (Fig. 154) so that actually three apical fora-
mina are present in this particular apex.
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[ longitudinal sections through human root ends, lateral canals
are found to branch from the main canal at different levels.  Apical

IF1c. 151. Fic. 152. Fia 153. Fra. 154,
Figs. 151-154. —Suecessive cross-sections through the apical portion of the root
of an intact lower first bicuspid.
Fia. 151.—Single round canal,
Fic. 152.—Branching off of apieal ramification.
Fig. 153.—Main canal and apieal ramification separated.
iz, 154.—Branching off of another apical ramification from the main canal.

Fra. 155.—Root end of intact lower second bieuspid of an adult. MC, main
canal; AR, apical ramifications; PM, periodontal membrane:; AR, alveolar bone:
FM, fat marrow of alveolar proeoss.

ramification of the pulp canal near the foramen in a lower bicuspid
is illustrated in Fig. 155. Here the pulp branches into three strands
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which all pass through the root end (sce Fig. 118, D). It should
be mentioned that a similar form of apical ramification is always
encountered in dogs” teeth (see Fig. 106),

GENERAL CONSIDERATION OF THE CHANGES FOLLOWING
REMOVAL OF THE PULP AND TREATMENT OF THE
ROOT CANAL.

We shall now consider the tissue changes that take place if a
vital pulp is removed from a root canal. A vital pulp may be
intact, or inflamed. The main point is that when the pulp I8
I':E'I]lﬁ"f[’.'{], the apical part of the root canal still contains living pulp
tissue.

In the following examples the changes at the root end will he
deseribed in the order in which they develop. The knowledge of
these conditions has been gained partly from human specimens and
partly from experimental animals on which identical operations
were performed. Pulp removal following exposure of the pulp by
caries will be considered first. The dentist, after removing the
soft, decayed dentin and finding the pulp exposed, administers a
local anesthetie, applies the rubber dam, and, after good access to
the pulp chamber has been gained, removes the bulk of the pulp
tissue from the root canal by means of a barbed broach. By this
operation the pulp strand is torn off somewhere near the apical
foramen, ereating a wound on the surface of the remaining tissue.
The actual location of the wound depends entirely upon local cir-
cumstances. In a case like the one illustrated in Fig. 138, the tis-
sues most probably will be severed at the foramen or beyond it, in
the apical periodontal tissue.  If a condition like the ones illustrated
in Figs. 139 and 140 were present, the pulp wound usually will be
located at the point where the straight canal becomes curved. The
removal of the pulp invariably will be followed by a eertain amount
of hemorrhage from the torn pulp vessels. After the hemorrhage
subsides, a clot of fibrin is formed on the surface of the pulp wound.

The further fate of this wound depends principally npon two
factors:

1. Presence or absence of infection.

2. Condition of the soft tissue in the region of the pulp wound.

1. Infection. —Every fresh wound presents a good medium for
the invasion and development of pathogenic microsrganisms., This
is especially true of lacerated wounds of the type that results from
pulp removal, an uneven wound with a jagged, torn surface and
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considerable tissue injury caused by tearing and crushing.  There-
fore, if pathogenic microdrganisms gain access to the pulp wound,
the chances are that they will spread rapidly, multiply, and cause
a progressive infection of the pulp wound and the underlying tissue.
Maintenance of strict asepsis during all manipulation in and about
the root canal is essential to prevent infection of the pulp stump.
A favorable result of the root canal operation will largely depend
upon care in this respect.

2. Condition of the Remaining Tissue. — The healing processes after
removal of a pulp oceur in the tissue immediately adjacent to the
point where the pulp was severed. It is, therefore, of great impor-
tance to retain the vitality of these tissues in order to make healing
possible.  Aside from infection, the greatest damage to the tissues
at the pulp wound can be done by the use of too powerful and harm-
ful drugs. When root canal therapy was first being developed and
practised, strong and powerful drugs were frequently used to enlarge
the root canal and to control infection. Concentrated hydrochlorie
acid and sulphuric acid were among the drugs recommended and
used. Since then we have learned to understand and appreciate
the importance of the apical tissues for the successful outcome of
any root canal operation, and all these strong and tissue-destroving
drugs have been ruled out by the dentist. The enlargement of
the canals, formerly done by acids, is now performed with sterile,
clean-cutting instruments, and the necessity of using strong disin-
fectants has been overcome by working out a constantly improving
system of asepsis.  Thus, the living tissues in the depth of the root
:anal are kept alive and can fulfill their reparative functions.

In this connection it may be of interest to call attention to the
parallel development in general surgery and root canal operations.
When knowledge about the importance and the prevention of infec-
tion was first introduced into the practice of general surgery, strong
antiseptic solutions, such as phenol, were generally used on instru-
ments, tissues, and dressings.  Since then we have learned about
the injurious influence of such drugs upon the living cells; asepsis
has taken the place of antisepsis, and instead of fighting bacteria
in the field of operation, they are kept out by aseptic measures.
No modern surgeon would apply a powerful drug to living tissue
that 1s expected to heal.

In returning from these considerations to the practical case of
pulp removal, a sterile, non-irritating dressing is sealed in the root
canal. The pulp wound will continue to discharge a serous exudate
for a day or two; at the same time, an accumulation of white blood
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cells will be found in the tissue next to the wounded surface, a reac-
tion that is found in the neighborhood of every wound of the human
body during the early stages of repair. The white blood cells form a
protective wall between the wound and the rest of the body; by
phagoeytosis they dispose of the cell débris that invariably is present
wherever injury to the tissue has oceurred, and they help overcome
the low-grade infection that may be present in the wound.

The exudation and round-cell infiltration following the traumatic
injury caused by removal of the pulp are responsible for the slight
soreness frequently encountered the day following the operation,
Concurrently with the development of the healing process and with
the disappearance of both exudation and infiltration, this soreness
subsides.

Soon the discharge from the wound stops; a clot of fibrin forms,
and under this protective cover fibroblasts begin to proliferate and
initiate scar formation. Conecurrently with the consolidation of
the scar, the number of round cells in the tissues steadily decreases
until a plain conmective-tissue scar is formed at the point where the
pulp was severed.

Quite different changes take place, however, if infection has
gained access to the pulp wound, or if a strong, harmful drug has
been sealed into the root canal. In the first days after the removal
of the pulp, the condition is similar to that present in a sterile
case.  Soon, however, the amount of round-cell mfiltration begins
to ncrease very rapidly, indicating the reaction of the tissue to
advancing infection. Instead of the formation of a scar on the sur-
face of the pulp stump, more and more tissue breaks down; sooner
or later the periodoutal membrane around the foramen is involved,
and periodontitis will develop—in elinical terms, the root canal
operation has been a failure.

When the reader considers these tissue reactions following pulp
removal, he can readily appreciate the advantage of local anesthesia
over arsenic trioxide for the removal of living pulp tissue. While
the arsenic trioxide may have clinical advantages, it most likely
will cause toxic damage to the apical tissues, thereby decreasing the
chances for prompt healing of the pulp wound. By using a local
anesthetic, the full vitality of the pulp tissues at the wound is
preserved, and the chances for prompt healing of the wound and a
favorable outcome of the operation are mereased.

The portion of the root canal from which the pulp tissue has
been removed is usually filled with a root filling material, in most
ases guttapercha. The type of material used does not seem to
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be of great importance as long as the foreign substance is well
tolerated by the tissues and has physical qualities that make
its manipulation and practical application possible. That the con-
nective tissue can heal around a non-irritating, sterile, foreign
material has been shown for guttapercha as well as for silver or
vory. Because of advantages in manipulation, guttapercha is
most commonly used at the present time to fill root canals.

The formation of a conmective tissue scar at the root end, after
removal of a pulp and filling of the root canal, is almost invariably
followed by a deposition of cementum in this area. It is hard to
determine just how soon after the removal of a pulp the formation
of cementum begins. From findings on human teeth that were
extracted a few months following such operations, it seems that the
deposition of cementum begins several weeks after the root canal
operation; from this time on the amount of the cementum slowly
but steadily increases. Cementum formation is particularly impor-
tant because of the anatomical variations in human root canals
(curvature, ramifications) which make a perfect root canal filling
technically impossible. It has been found that cementum has a
tendency to obliterate all openings that are left after filling a root
canal. That such openings may exist is obvious from the study
of specimens like the ones shown in Figs. 141 to 155. Only in a root
canal of the type that is represented in Fig. 138 is a perfect root
filling possible; but even when the filling, upon radiographic exam-
ination, may extend to the apical foramen, the root canal will usually
be either slightly overfilled or underfilled. In most cases living
pulp tissue is left in parts of the main canal or ramifications that
are inaceessible to root canal instruments. Following the trans-
formation of the pulp tissue in these canals into connective tissue,
a reparative formation of cementum takes place, which finally
leads to the obliteration of the lumen, thus forming a far better
root canal filling than any foreign material used by the dentist.

The deposition of cementum following root canal therapy was
first observed and described in this country by Davis and Grove.
In Europe, Swiss investigators lead in this particular field of re-
search (Gysi, IHess, O. Mueller). Later American publications
dealing with the same subject have appeared by Blayney, Coolidge,
Hatton, Moen, Skillen, and others. All these men report that
cementum is deposited upon the root end and in the unfilled part
of the canal, with the tendency to cover the root filling material
and to obliterate any Iumen still present in the apex. They also
show that this process occurs only in the absence of infection.
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Therefore, this type of cementum formation can actually be con-
sidered as the morphological expression of successful root canal
therapy.

A few actual findings will be deseribed that were obtained in the
study of human teeth whose vital pulps had been removed. In
order to interpret the tissue changes found at the apices of such
teeth, it might be advisable to compare these periapical changes
with the changes following bone fracture, a point recently brought
out by Hatton. Iesaid: “In the healing of the broken bone there
are found the same stages that are found in the apical region of
treated and filled teeth: (1) A stage of destruction or dissolution
of the products of the injury, such as blood, damaged soft tissues,
and a certain amount of hone; (2) a stage of repair, characterized by
the formation, first of a fibrous callus, and later by the production
of new bone or the bony callus; and (3) the resting stage.””* In
dentistry the first stage is represented by the reaction of the perio-
dontal tissues to the trauma of pulp removal; during this stage
resorptions may occur on both root surface and alveolar bone: hence,
the frequent observation of repaired resorptions at the apices of well-
healed pulpless teeth (Figs. 156 and 158). After the results of the
primary trauma have been overcome, scar formation takes place
beginning with the formation of fibrous connective tissue, which
later is replaced by bone and cementum. This process of hard tissue
formation at the apex is continued until the root end has reached
a condition which is most favorable for individual functional con-
ditions; then we find what Hatton terms the “resting stage” during
which the pulpless tooth, without any considerable tissue changes,
is a useful part of the organism, similar to a bone after a well-
healed fracture.

FINDINGS IN HUMAN TEETH THAT WERE REMOVED AFTER
ROOT CANAL OPERATIONS HAD BEEN PERFORMED.

The most important source of knowledge of tissue reactions fol-
lowing root canal operations are extracted human teeth with known
clinical histories. There are, of course, other lines of approach to
this problem, of which the most important one is experimental
root canal therapy in animals, but because of the possible differ-
ence in tissue reaction between man and animals, the results ob-
tained in animals are of limited value. It must be realized, too,
that all animal experiments are of comparatively short duration:

L . H. Hatton, Jour. Am. Dent. Assn., 1431, 18, 1805,
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whereas, in man it is possible to examine teeth that were treated
ten or fifteen years before the extraction. Since the root end of a
devitalized tooth heals slowly, the time factor is of great inpor-
tance. Un the other hand, animal experimentation has the advan-
tage that teeth and jaw together can be removed during autopsy
and examined in their original relationship; wheread, in extracted
human teeth this relationship is lost. Methods have been sug-
gested by which human root ends and their surrounding tissues
can be removed from the jaw by using a trephine, but the resulting
injury to the jaw forbids this method as a routine procedure in man.
Fortunately it is not necessary to take such drastic steps. We
have found that the great majority of extracted human teeth retain
enough periodontal tissue on the root surface and at the foramen to
allow drawing definite conclusions as to the condition of the root
end. The following 1llustrations are all taken from such specimens,
and in every one of these cases the changes associated with the loss
of the pulp can be clearly recognized.

1. Tissue Changes in the IMain Canal Following Root Canal Filling.—
The microscopic examination of a large number of teeth with root
canal fillings that upon radiographic examination seemed entirely to
fill the root canal revealed that only in a small number of these
roots did the filling material end level with the apex. In most cases
the roots were shightlv underfilled; the length of the unfilled portion
of the main canal varied between 0.5 and 2 mm. The unfilled part
of the root eanal contained fibrous connective tissue, which may
have been either a remnant of the original pulp tissue in this part
of the canal or periodontal connective tissue that proliferated into
the open apical portion of the root canal. The connective tissue
had a marked tendency toward the formation of cementum which
was deposited in layers on the wall of the pulp canal. Fig. 156
illustrates an early stage of cementum deposition. The gutta-
percha cone ends about 1.5 mm. short of the apical foramen; the
remaining portion of the root canal is filled by fibrous tissue. The
cementum covering the outer surface of the root end continues
through the foramen into the canal; its thickness decreases toward
the root canal filling.  Six menths had elapsed between the removal
of the living pulp and the extraction of this tooth.

In Fig. 157, a lower bicuspid, a similar condition iz illustrated.
Here a slightly more advanced cementum deposition has taken
place beeause more time has elapsed sinee the root canal operation
was performed.  The guttapercha cone ends about 1T mm. above
the apex. The apical portion of the root canal contains well-



Fra. 156, —Condition of root end =ix months after pulp removal and root eanal
Alling. Bueeal root of upper molar. G, guttapercha filling in main canal; AR,
apical ramifications of the main eanal; R, areas of resorption in cementum and dentin
covered over by new layers of cementum: ', cementum extending upward into the
unfilled portion of the main ecanal; C", cementum extending into the apical ramifi-
cationg.  (Coolidge, Jour. Am. Dent. Assn,)

Fig., 157, Cementum deposition in the apieal portion of the root canal several
vears after pulp remowval and root eanal filling. G, gattapercha; O, cementum
covering the wall of the apical portion of the root canal; C', cementoid (newly formed
uncaleified comentum) deposgited upon the guttapercha; CT, connective Lissue in
the root eanal.,
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vascularized connective tissue that is entirely free from any evidence
of inflammation; cementum has been deposited all over the wall of
the root canal. The surface of the guttapercha cone is covered by
a layer of uncaleified cementum (cementoid).  Attention should be
called to the fact that the right wall of the root canal runs in an
absolutely straight, smooth line which ean be explained only by the
action of a cutting instrument, a broach or reamer. During enlarge-
ment of the root canal the operator apparently reached the apical
foramen; the root canal was filled, but the filling material did not
reach the foramen and the apical portion of the canal was sub-
sequently filled in by cementum.

Fig. 155.—Advanced stage of cementum deposition in the apical portion of the
rook canal. The pulp was removed and the eanal filled eight vears before the extrac-
tion of the tooth. G, guttapercha; C, cementum in the apical portion of the root
canal; R, resorptions in the wall of the root canals filled in by cementum; G’, small
particle of guttapercha completely embedded in cementum; AF, apical foramen.
(Courtesy of I5. D. Coolidge.)

:

The condition of the root end eight years after the root canal
operation is illustrated in Fig. 158. The obliteration of the unfilled,
apical part of the canal is almost complete; the connective tissue
in the canal has been reduced to a thin strand of tissue while several
layers of cementum cover the dentinal walls. The surface of the
dentin forming the wall of the root canal was resorbed before
cementum  deposition took place; evidently resorption preceded
tissue reparation in the canal. A small piece of guttapercha, which
became dislodged close to the apical foramen, has been completely
embedded in the layers of cementum that surround the remaining
thin strand of connective tissue.
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If the guttapercha reaches the apical foramen and ends in the
level of the root surface, a fibrous capsule is formed bridging the
foreign material; later on, new cementum is deposited on the root
surface and sometimes also directly upon the guttapercha surface
(Fig. 159). The latter observation is of great practical and theo-
retical importance. It shows that guttapercha as a root filling
material is well tolerated by human connective tissue, as this tissue
not only grows against the guttapercha without any evidence of
irritation, but also a direet deposition of cementum oceurs upon
the guttapercha surface. Such findings certainly indicate that
theoretical objections against guttapercha as a foreign bodyv are

Fia, 159, —Deposition of cementum upon root end and root eanal filling. Lingual
o0, upper molar: treated and filled seven Hars before extraction. f}, guttapercha;
C, original cementum on root surface; NC, newly deposited cementum covering root
gurface and end of guttapercha eone; PM, periodontal membrane.

not supported by the actual reaction of the living human tissue
to this material. In an examination of the periodontal tissue
covering the root end of the specimen, only fibroblasts and con-
nective tissue fibrillee are found; no evidence of inflammatory reac-
tion 1= present,

If the root filling material protrudes slightly bevond the apical
foramen it 15 covered over with a dense, fibrous, connective tissue
capsule (Fig. 160), which is attached all around the apical foramen
to a newly deposited layer of cementum. In the tissue of the
capsule, giant cells are sometimes found which compare to the
foreign-body giant cells found in the neighborhood of silk sutures or
other foreign materials that are implanted or inserted into the

13
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tissues.  No inflammatory cells ean be found in the periapical con-
nective tissue of non-infected cases.

Fra., 160, —Root end with slightly overfilled root canal. Lower hicuspid. RC,
root canal; G, guttapercha; CT, connective tizssue capsule surrounding the end of
the root canal filling: C, deposits of new cementum on either side of the root eanal,

I'1G. 161.—Infected root end. Upper central ineisor. G, guttapercha: GT, gran-
ulation tissue in the root canal and at the apical foramen; R, resorption of root end.
Notice the vrnmp'l;-n- absenee of cementum formation in the root canal and at the

apical foramen,

An entirely different microscopic picture is encountered in root
ends of infected pulpless teeth. Tere the typical deposition of
eads to the formation of a final hard-tissue scar

cementum that
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15 never found; instead, granulation tissue develops at the root end.
The width of the root canal is not reduced: on the contrary, the
canal may be found widened by resorption without evidence of
reparative changes. Such a condition is illustrated in Fig. 161,
which was taken of the root end of an upper incisor which, radio-
graphically, showed resorption of both root ends and surrounding
bone. The guttapercha root canal filling ends about 2 mm. above
the apical foramen; the latter has assumed a funnel shape by resorp-
tion of the surrounding dentin. The unfilled portion of the root
canal is occupied by granulation tissue with a large number of
inflammatory round cells of the chronic type (polvblasts). The

Fra, 162 —Infected root end. AMesial root, lower molar, Cr, guttapercha: GT,
granulation tissue in root canal; AF, apical foramen widened by resorption of the
walls; C, deposits of cementum in the periphery of the apical foramen: CT, conneetive
tissue eapsule extending across the apical foramen. Notice the absence of cementum
at the apical foramen and in the root canal.

granulation tissue has grown against the walls of the canal and
against the guttapercha cone without any deposition of cementum.
A simple comparison of Fig. 161 with Fig. 158 will reveal the vast
difference between tissue changes in the presence and in the absence
of infection.

Another ease of infection in a tooth with a root canal filling is
illustrated in Fig. 162, which was taken of the distal root of a
lower molar.  The apical foramen has been widened by resorption:
densely infiltrated tissue fills the space between the wall of the
foramen and the guttapercha root canal filling. TFarther distant
from the infected root canal, cementum has been deposited upon the
root surface ; from this new layer of cementum, strands of connective
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tissue extend across the root opening forming a kind of capsule over
the granulation tissue. Cementum formation is completely absent
in the inflamed area inside of the apical foramen. In a higher
magnification of the tissue in the root canal, the cell types that are
characteristic of chronic inflammation can be recognized: plasma
cells, Ivmphocytes, and large phagoeyvtie cells (polyblasts).

2. Tissue Changes in the Lateral Branches and Apical Ramifications
Following Root Canal Filling.  ver since the existence of the
various branches and ramifications of the human root canals became
known, these structures were considered of great significance in
the problem of root canal therapy. It is evident that no technique

FiG. 163.—Opening of a lateral branch of the same root the apex of which was
illustrated in Fig. 160, Ingrowth of cementum from the root surface into the lateral
canal, 1. dentin: O, cementum of root surface; PM, fibers of periodontal membrane
attached to the root surface; €7, cementum deposition in the lateral eanal; CT,
strand of connective tissue and capillaries entering the lateral eanal,

could make possible a perfect root filling in a canal of the form
illustrated, for example, in Fig. 155. Such irregularities and rami-
fications of the root canal can never be filled completely.  Fortu-
nu.h-l}'_ however, a (*1::]11}]1*1(* ﬁ"i]l;_{ in the mechanical sense 1s ]l"t'
no means necessary.  Mieroscopic findings on extracted teeth with
clinically  well-filled, uninfected main canals prove that nature
takes care of the remaining unfilled lateral branches and apical
ramifications. All these fine canals contain living tissue which
remains vital after the pulp has been removed from the main canal
and forms cementum which eventually may completely obliterate
the lateral canals.

An early stage of reparative cementum formation in the apical
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ramifications of the main canal is illustrated i Fig. 156, The
fine branches contain comnective tissue; an mvagination of the
cementum on the root surface into the opening of the ramifications
has taken place, reducing the width of these camals. A more
advanced-stage of cementum deposition was observed in a fine lateral
branch of the same tooth, the apex of which is shown in Fig. 160.
The continuation of the cementum into the lateral canal is plainly
visible in Fig. 163; the tissue in this canal as well as the surrounding

Fig. 164.—Root end of lower molar. Curvature of main canal, lateral branch.
G, end of guttapercha root filling; €, cementum deposition in the curved apiceal
portion of the main canal: C", cementum deposition in the lateral branch; AF, apieal
foramen of the main canal greatly reduced in width by newly formed cementum.
(Coolidge, Jour, Am. Dent. Assn.)

periodontal conmective tissue are entirely free from any mflammatory
reaction.

A root end in which the same reparative cementum deposition
has occurred in the curved apical portion of the main canal as well
as in a lateral branch is illustrated i Fig. 164. The guttapercha
cone ends approximately at the level of the lateral branch; from
here to the apex both the maim canal and the lateral branch are
filled by cementum, leaving only a thin strand of living fibrous
tissue in the center of each canal. Eventually the lateral canals
may become completely obstructed by cementum (Fig. 165): then
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the cementum on the root surface is contmuous over the former
openings of the ramification.

At the apical end of main canals that are maccessible to root
canal instrumentation on account of large denticles or marked
curvature of the root end, the same changes that oceur in inacces-
sible lateral branches can be reasonably expected. The remaining
tissue will form cementum, and will eventually lead to ebliteration
of the apical portion of the canal, provided infection has been kept
out (see Fig. 164).

Fis. 165.—Complete obliteration of the opening of a lateral branch. G, gutta-
percha in the main eanal; some of the guttapercha has entered the lateral branch;
O, connective tissue remnants in the lateral canal ; C, cementum on the root surfacea
covering the opening of the lateral eanal in & continuous Inyer,

3. Changes in the Apical Soft and Hard Tissues Following the
Treatment of Infected Pulpless Teeth.—In Chapter VI the histo-
pathology of the apical tissues of teeth with decomposed pulps
and infected root canals was described. In such teeth an area of
bone destruction around the apex is almost always found upon
radiographic examination. Their treatment is a rather difficult
problem. The dentist faces the questions: Should an attempt be
made to save such teeth? What are the chances for success i
such an operation? Microscopic findings justify such an attempt.
Not only is it possible to make considerable areas of periapical bone
destruction disappear through treatment of the teeth, but also it
has been found in the microscopic examination of treated teeth of
this kind that the same reparative and healing processes occurred
as after the removal of a vital pulp. However, it must always be
kept in mind that the treatment of a tooth with a decomposed or
infected pulp may or may not be successful, and that there is a
decided difference between the condition present in a tooth after
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removal of a vital pulp and the one present in a tooth with a decom-
posed pulp and periapical infection.  In case of pulp removal, the
chances for undisturbed healing are the same as the chances for
success in any other properly performed dental operation. In case
of a tooth with decomposed pulp and infected periapical tissues, the
treatment is complicated and the prognosis is uncertain.

The difficulty in treating teeth with decomposed pulps seems to
be failure to get complete access to all parts of the root canal and to
the diseased area beyond the apex. In discussing the tissue changes
following removal of a vital pulp, it has been shown that those
parts of the pulp canal that are imaccessible to instruments are
readily taken care of by nature and are eventually obliterated by
formation of cementum (Figs. 163 to 165). In pulpless, infected
teeth, such maccessible parts (ramifications, eurved canals) con-
tinue to act as a source of infection, making healing of the periapical
region impossible. If a tooth with a configuration of the apex of
the type illustrated in Fig. 139 or 164 were infected, the curved
root end would make access to the periapical region difficult,
perhaps impossible; if the root canal had lateral branches, cleaning
and filling the main canal would not control the infection in the
ramifications. From this viewpoint, the prognosis of periapical
infection in pulpless teeth appears rather doubtful. Still every
practitioner has seen treated cases in which large areas of bone
destruction around the apex disappeared after treatment and the
radiograph showed a normal periodontal space. Such teeth, when
examined under the microscope, did not show inflammation of the
periodontal tissues; cementum had been deposited upon the root
end, and the connective tissue surrounding the root was free from
inflammation. Such a case is illustrated im Figs. 166 and 167,
(Coolidge). Nine years before extraction, this tooth, a lower
cuspid, showed an imperfect root canal filling and an area of bone
destruction around the apex. At that time the root canal was
opened, cleaned, and filled; subsequently the bone around the apex
regenerated. The tooth was observed for nine years and then
extracted to make room for an artificial restoration. The micro-
scopic examination shows a root fillmg extending all the way
to the apex. A layer of connective tissue remained attached to
the root end after extraction; this tissue proved to be free from any
round-cell infiltration; it had grown against the root filling material
(guttapercha). The dentin surface at the root end shows evi-
dence of previous resorptions which were repaired by deposition of
cementunm.
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Similar changes may take place after a root resection has been
performed.  Clinically, it is well known that large areas of bone

Fra., 166.—Root end of lower cuspid. Chronie periapical infection treated and
root canal filled nine yvears before extraction. G, guttapercha in root eanal; G,
particles of guttapercha dislodged beyond the apical foramen; PM, periodontal
membrane.  (Courtesy of E. ). Coolidge.)

Fra. 167, —High moegnification of Fig, 166, G, gattapercha; O, cementum; T,
fibrous connective tissue of periodontal membrane lyving in direct contact with
guttapercha and wall of root canal. Notice the absence of any inflammatory reae-
tion in the periapical connective tiszsue, (Courtezy of E. D, Coolidge.)

destruction around the apex of an infected, pulpless tooth may
heal completely after the root end has been resected and the pulp



FINDINGS IN ROOT CANAL OPERATIONS 201

canal filled. Several eases of this type were examined microscopic-
ally (Aisenberg, Blayney, Blum, Coolidge, Till).  All these clin-
ically successful cases showed a normal, uninflamed periodontal
membrane and deposition of cementum upon the resected dentin
surface. The case published by Coolidge will be illustrated here.
Fig. 168, A, shows an extensive area of bone destruction around the
root end of an upper first bicuspid; this radiograph was taken in

Fia., 168, —Tissue healing following root rescction. A, radiograph of an upper
second bicuspid with imperfect root canal filling and marked destruction of the
periapical bone. This radiograph was taken in 1914, immediately before the root
resection was performed. B, same tooth as it appeared in 1928, The arca formerly
occupied by the apex and the granuloma iz entirely filled in by bone. Bueco-lingual
section through resected root end. Deposition of cementum and regeneration of a
normal pericdontal membrane on the resected surface. G, guttapercha root canal
filling: C. original cementum on root surface; C', newly deposited cementum on the
resected root surface: OT, connective tissue capsule bridging the root filling material.
(Coolidge, Jour. Am. Dent. Assn.)

1914, immediately preceding the root resection. Fourteen years
later, in 1928, the bone had been completely regenerated (Iig.
168, B). The histological examination of the root end revealed
the presence of a continuous layer of newly formed cementum upon
the dentin surface (Fig. 168, C); the upper end of the guttapercha
cone is covered by fibrous conmective tissue without any evidence
of inflammation (Fig. 169). The periodontal tissue extending from
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the newly formed cementum on the root end to the bone has the
typical fibrous structure of a normal periodontal membrane.

The deposition of cementum upon the dentin of a formerly
undoubtedly infected root and the regeneration of a normal perio-
dontal membrane are of great practical importance; they show that
complete healing in such a case is actually possible. The pro-
cess of healing after infection of root eanal and periapical tissues
has recently been studied experimentally by Stein, who used the
teeth of dogs for his investigations. The pulps of the teeth were
exposed, and the pulp tissue was infected with a known pathogenic
strain of microirganisms (streptococei).  Then the tooth was sealed

Fra. 169, —IHigh magnification of the eonnective tissue covering the root eanal
filling in Fig. 168, F, fibroblasts: V, capillary vessel containing red blood eorpuscles.
(Coolidge, Jour. Am. Dent. Asan.)

and the animal kept under observation for from five to seven
months. During this time, the development of an area of bone
destruction around the apex could be observed by means of the
radiograph. The infection spread beyond the foramen and involved
the bone. After this period, a rubber dam was placed over the
infected teeth; the root canals were opened and treated in the same
manner as in identical circumstances in men. After root fillings
had been inserted into the canals, the animal was kept under obser-
vation for another period of several months. During this time,
frequent radiographic check-ups revealed that the areas of bone
destruction around the apices were decreasing in size and in some
instances disappeared entirely. The animals were then killed, and
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the treated teeth together with their surrounding jaw tissues were
sectioned.  In these sections, Stein demonstrated that such areas
of chronic inflammation may heal: new bone is built, scar tissue
forms on the surface of the root and over the root filling material,
and the round-cell infiltration disappears. The histological findings
around these infected and treated animal teeth are similar to the
conditions found in human teeth with a similar elinical and
radiographic history.

In summarizing, it must be said that the outcome of the treat-
ment of pulpless, infected teeth must be considered doubtful.
However, in view of the fact that evidence of complete healing
and repair following treatment of such teeth has been produced
both clinically and microscopically, an attempt to save such teeth
seemns to be well justified. There is no doubt in the author’s mind
that a large number of the pulpless teeth treated by present-day
routine methods are still in a state of chronie infeetion; but as the
methods and the technique of root canal therapy improve and
develop, the number of cases showing complete healing will steadily
increase.
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CHAPTER VIII.
THE BIOLOGY OF CEMENTUM.

DEVELOPMENT AND STRUCTURE OF CEMENTUM.

CEMENTUM s a caleified substance that covers the outer surface
of the root. It is a product of the connective tissue of the perio-
dontal membrane, consisting of an organic ground substance (matrix)
into which inorganic salts are precipitated. The deposition of
cementum begins while the root portion of the tooth germ is develop-
ing within the jaw; under physiological conditions it continues
throughout life, so that the thickness of the cementum inereases
steadily as the tooth grows older.

In order to understand the various structural changes found in
cementum at different ages, it is necessary first to consider its
development. Since the fine details of early cementum formation
‘annot be seen in hematoxylin-stained specimens, the preparations
have to be treated with silver stains; by this method it is possible
to see the first delicate layers of cementum and their relationship
to the collagenous fibers of the periodontal membrane. The author
has studied the consecutive stages of cementum formation in speci-
mens of young human teeth; a few of the characteristic findings
will be reproduced here.

Immediately after the dentin of the root surface is formed, it
lies in contact with the eonnective tissue that surrounds the germn:
however, it has no vital connection with this connective tissue.
As the dentin is formed within the tooth by the pulp, all its vital
connections, its metabolism, and its innervation are derived from
the pulp tissue; the outside of the dentin apparently presents an
inert and biologically inactive surface to the adjacent connective
tissue.  Gottlieh compared the dentin in this stage of development
with a sterile, hard, foreign substance, such as a piece of ivory,
implanted into connective tissue, hut without organic connection
with its surroundings.  The organic connection between the dentin
and the connective tissue is later established by a layer of cemen-
tum that 15 deposited upon the dentin surface from the outside.
During this deposition collagenous fibers of the adjacent connective
tissue are embedded into the forming cementum, establishing the
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first true connection between dentin and pvl‘iuduntiuln. Since the
other ends of these fibers are attached to the bone, the foundation
for later functional unison, cementum-—fibers—bone, is laid.

The deposition of the first very delicate layer of cementum and
the simultaneous embedding of fibers into this cementum can be
visualized by comparing sections of the same specimen that have
heen stained differently. Fig. 170, 4 and B, illustrates an area
of a first permanent molar before its eruption through the overlying
soft tissue. The dentin surface is surrounded by loose connective
tissue, the fibrous elements of which run parallel to the root surface
for the most part, since functional stimuli upon the tooth are still
absent and no functional orientation of the periodontal membrane

Fra. 170.—Earliest stage of cementum formation on the root of 2 human tooth
before eruption. A and £ illustrate corresponding arens of the root surface:; the
section A is stained with hematoxylin and eozin, the sestion & with Bielschowsky's
silver impregnation method. 1Y, dentin: Ch, cementoblastz; F, fibers attached to
the dentin surface with club-shaped endings; CT, loosge conneciive tissue surronnding
the root., (Kronfeld, Ztschr. . Btomatol,, courtesy of Urban and Schwarzenberg,
Berlin-Wien.)

has yet taken place. Next to the root surface, the cells are densely
arranged, and some of them are grouped in a single row on the
root surface, an arrangement which is typieal of cementoblasts.

If the same specimen be treated with silver stain (Bielschowsky —
method of silver impregnation) the cellular elements in the tissue
become invisible; but the fibers Iving between these cells stain
black (Fig. 170, B). Thus, it can be seen that the dentin surface
15 beset with club-shaped, thickened ends of fibers that appear to
be glued or cemented to the dentin surface by a fine black layer of
cementum.  If the surface of the root of this same tooth is examined
farther toward the erown where the cementum is older, it is found
that the fibers are attached to the shightly thicker cementum in an
identical manner. Each fiber bundle becomes thicker next to the
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root surface, and this thickened end is attached to the cementum.
The fiber bundles cannot be followed farther into the cementum;
the latter shows only a fine, fibrillar structure; the bundles end
directly on its surface. The peripheral endings of the fiber bundles
radiate into a diffuse fibrous network surrounding the root.

When the tooth erupts the ce-
mentum has already attained a
certain thickness (Fig. 171). The
fiber bundles still end on the very
surface  of the cementum, with
slightly  thickened endings. The
course of the fibers, however, 1s de-
cidedly different from that found
in unerupted teeth; the fibers are

Fig. 171.—Cementum in an
eriipting molarof a chuld. Sharp-
ev's fibers are attached only to
the superfieial lavers of the ce-
mentum. No eontinuation of
these fibers into deeper layers of
cementum iz vizible (Bielschow-
sky stain). I, dentin: C, ce-
mentum: F, attachment of
Sharpey’s fibers to the surface
of the comentum. (Kronfeld,

Lischr. §. Stomatol., courtesy of Iig. 172, —Primary cementum. I, dentin:
Urban and Scehwarzenberg, Ber- PC, primary cementum showing a fine fibril-
lin-Wicn.) lar structure; PM, periodontal membrane,

arranged in bundles, as i1s characteristic of the Sharpey’s fibers of
functioning teeth, and run at an angle of about 45 degrees from
the root surface to the alveolar bone. The cementum has only a
fine fibrillar structure, no continuation of the fiber bundles into
the cementum being visible.

It 1= usual to differentiate n the study of the morphology of the
cementum between primary cementum and secondary cementum.

Primary cementum contains no eells and shows only a fine fibril-
lated pattern at right angles to the root surface (Fig. 172). It is
usually found in the coronal portion of the root.  Primary cementum
rarely becomes very thick.

Secondary cementum contains cells embedded in the matrix,
which gives it an appearance very much like bone. Secondary
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cementum is usually found in the apical portion of the tooth,
although it extends crownward to a different degree in different
teeth. It should be emphasized, in opposition to statements that
are occasionally encountered in dental literature, that, except for
their structural differences, primary and secondary cementum are
not different in any way. It is not yet known why in some teeth
the major portion of the root surface is covered by primary cemen-
tum, while in others secondary cementum is predominant, but as
far as functional and biological significance are concerned, the two
types of cementum are identical. As will be shown later on (Figs.
178 and 179), a resorbed area on the root surface may be repaired
just as well by primary cementum as by secondary cementum with
apparently no difference in the functional value of the repaired area.
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Fic. 173.—Lacuns and eanaliculi in the secondary cementum (stained ground
section). The eanaliculi radiate from each lacuna in all directions and are con-
nected with canaliculi from the neighboring lacunse.

Usually secondary or cell-containing cementum is formed at the
root end first, from which its deposition progresses erownward with
advancing age. Its histological characteristic is the presence of cells,
the cement corpuscles or cement cells, that lie in lacun® in the
matrix. These cells, which are derived from the periodontal mem-
brane, are cementoblasts that became embedded into the matrix
during its deposition. Each individual lacuna in the secondary
cementum is connected with neighboring lacunz by fine channels,
the canaliculi, which contain the protoplasmic processes of the cells
in the lacunae (Fig. 173). Thus, a svstem of channels is established
by which fluids may pass from the periodontal membrane into the
superficial layer of cementum and from there may be conveyed to
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deeper strata.  The presence and arrangement of the cells makes
the secondary cementum appear similar to bone; hence the name
osteocementum 18 sometimes used for this hard tissue.

Fra, 174, —Thick layer of secondary cementum on the root of an erupted molar
{Bielschowsky stain). 2C, secondary cementum showing lamellated structure (lines
of deposition): ¥, Sharpey’s fibers attached to the surface of the secondary cemen-
tum. (Kronfeld, Ztschr. . Stomatol., courtesy of Urban and Schwarzenberg, Berlin
Wien.}

Fra. 175.—Sharpey's fibers embedded into a small cementum hyperplasia. The
fibers can be traced into the deeper layvers of cementum (Bielschowsky stain). OH,
cementum  hyvperplasia; F, sharpey’s filers embedded into the cementum; FY
Sharpey’s fibers in the periodontal membrane. (Kronfeld, Ztschr. . Stomatol.,
courtesy of Urban and Schwarzenberg, Berlin Wien.)

Secondary cementum usually shows a distinetly lamellated strue-
ture. The lamelle run parallel to the root surface, and represent
layers of consecutive deposition and caleification.  The attachment
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of the fiber bundles of the periodontal membrane to the secondary
cementum is analogous to their attachment to the primary cemen-
tum, the fibers reaching only as far as the most superficial layer of
cementum; the deeper layers present only a lamellated pattern
(Fig. 174). Only in case of a definite cementum hyperplasia is it
sometimes possible to demonstrate the continuation of the fiber
bundles into the deeper layers of the secondary cementum (Fig. 175).

It is difficult to give any certain data on the distribution of
primary and secondary cementum on the root surface. The author
has found during the microscopic examination of human permanent
molars shortly before eruption that most of these teeth have very
thin layers of primary eementum on the entire outer surfaces of
the roots; the sides of the roots, however, that face the interradicular
septum and the bifurcation are covered with a thick layer of secon-
dary cementum. If we consider that these teeth are still completely
embedded in the child's jaw, it is apparent that neither function
nor any other outer influence can be held responsible for the varia-
tions in the distribution of cementum on different parts of the root
surface.

It may be advisable to compare cementum and bone, and to
correlate the physiological changes that take place during life in
both these hard tissues.

Morphology.—Bone has a caleified matrix which is arranged in
lamellee that either run parallel to the bone surface or show a cir-
cular arrangement around a central lumen. In the matrix, spaces
(lacunw) are found containing bone cells. These cells are con-
nected with each other by fine, protoplasmic extensions lving in
the bone canaliculi.

Cementum also has a caleified matrix, identical to bone matrix,
which is arranged in lamell:e parallel to the root surface. Primary
cementum is free from cells. Secondary cementum has lacune con-
taining cementum cells similar to bone cells, which are likewise
connected to each other by canaliculi.

Physiology.—In bone a continuous process of elimination by
resorption and replacement by newly formed bone takes place
(process of molting); the total amount of bone, however, remains
unchanged.

Cementum is replaced differently from bone; areas of lowered
vitality are not resorbed, but are covered over by a new, highly
vital layer of cementum. The total amount of cementum increases
steadily thronghout life; no resorption oceurs under physiological
conditions.
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FUNCTION OF CEMENTUM.

In the preceding paragraph it was shown that the fiber bundles of
the periodontal membrane enter the superficial layers of the cemen-
tum, while no fibers are visible in the deeper layers. Gottlieb, who,
among dental histologists, was the first to call attention to the bio-
logical importance of cementum and to make this hard tissue the
subject of intensive study, expressed the following opinion concern-
ing the physiological changes in the cementum: the fiber bundles
of the periodontal membrane, like any other tissue in the organism,
are subject to imvolutionary changes: they live and function for
a certain period of time, and then they die. Concurrently with
this process of aging or involution, new fibers are built that take
over the function of the old ones. In the fibers of the periodontal
membrane that are embedded In the cementum, these regressive
changes are indicated by a precipitation of caleium salts into the
fibers. The fibers calcify, and their vitality and functional value
is greatly reduced or lost. The complete caleification of all fibers
in any circumseribed area of cementum surface would mean the
loss of funectional attachment m this area. The only way to restore
function then would be by the deposition of a new layer of cementum
into which a new generation of fibers is embedded. In that way the
continuous deposition of cementum throughout life can be regarded
as a process by which calcified strata of cementum with low vitality
are covered by new layers with living, uncalcified fiber attachments
and high vitality.

That this conception of the change in vitality is more than a mere
hypothesis can be demonstrated by a study of the cementum cells
in the secondary cementum. These cells indicate the vitality of
the surrounding cementum. In examining cementum cells in the
root of a healthy human tooth, it can be observed that those cells
in the superficial layer appear normal and well stained (Fig. 1706).
In a slightly deeper level the cells show marked degenerative
changes; the nuclei are small, the cell bodies are shrunken and irreg-
ular.  Still deeper in the cementum the lacune are empty, the cells
having completely degenerated and disappearved. Fig. 177 shows
cementum cells from the different layers in Fig. 176 under higher
magnification. In Fig. 177, 1, which was taken of an area of
cementum near the surface, two young cells are seen. The cell
hodies are slightly shrunken away from the walls of the lacune;
otherwise, they do not show any pathological changes. In a slightly
deeper layer (Fig. 177, B), the shrinkage of the cells is much more
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pronounced; a large portion of the lacuna appears to be empty.
Still further away from the surface the nuelei of the cementum cells

Firc. 176.—Thick secondary cementum on the root of an intact upper hicuspid.
PM, periodontal membrane; a, area of normal vital cells. The cementum corpuscles
in this area are well stained and appear normal: b, e, area of degenerating cells.
The cells stain poorly; some of the lacun® are empty; d, aren of dead cells. All
lacung of the cementum are empty.

Fira. 177.—High magnification of cementum corpuscles in different lavers of
Fig. 176. A, near the surface of the cementum (Fig. 176, a) : normal cementum cells
showing nucleus and cell body; B, slightly deeper (Fig. 176, b) : beginning shrinkage
of cementum cells; C, still deeper layer (Fig. 176, ¢): disintegration of cell: droplets
of fat and protoplasm in lacuna and eanaliculi; D, in the deepest lnyers of comen-
tum (Fig. 176, d): lacun:e containing cell débris.

have disintegrated; remnants of the nucleus and fat granules are
found in the lacuna and in some of the surrounding canaliculi
(Fig. 177, ).  Finally, in the deepest layer of cementum, the cells
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have completely disappeared; the lacunw are empty except for
some fine, dust-like débris (Fig. 177, I?). Thus the changing con-
dition of the cells in various depths indicates the high vitality of
the young, superficial layers of cementum, and the low vitality of
the deeper layers. The oldest eementum in the deepest strata has
lost all of its vitality; it acts merely as mechanical support.

In primary cementum the vitality changes cannot be demon-
strated by changes in the cells; however, here also advancing calcifica-
tion and concurrent biological deterioration are revealed by the
progressive caleification and disappearance of the embedded fibers
of the periodontal membrane.

The space necessary for the deposition of cementum on the root
surface is created by the minute bone resorptions constantly oceur-
ring in the socket of every tooth during function. Slight excess of
functional stress exerted upon the crown causes resorption of the
alveolar bone; the result is a widening of the periodontal space,
which is partly compensated for by subsequent new formation of
cementum, Another way in which space 1s created for cementum
deposition 15 by the gradual ocelusal movement of all teeth during
life. This movement results in a widening of the periodontal space,
especially at the apex and in the bifureation in case of multirooted
teeth; cementum deposition in these areas reduces the periodontal
space to its normal width. Cementum formation as compensation
for the occlusal movement of a tooth was observed as far back as
1909, when lLoos called attention to the relative thickness of the
cementum of extruding teeth without antagonists. In such teeth
functional stimuli are no doubt much less significant than in teeth
in occlusion. Therefore, the only way to account for these cemen-
tum deposits is to consider them a reparative or defensive measure
against rapid occlusal displacement.

With these considerations we enter into a subject of great practi-
cal importance, namely, the role of cementum in repairing any
damage or injury to which a root may be subjected. Cementum
covers injured areas, reéstablishes severed function, and reunites
parts that were separated by a trauma (fracture).

One of the common forms of injury to the root surface is shallow
resorptions due to excessive occlusal stress. Such resorptions are
encountered especially in the teeth of individuals who make good
use of their teeth; such people grind their teeth, or bite on some
hard body with such force as to cause damage to the periodontal
membrane and to produce circumscribed resorption of the root
surface. These small damages are invariably repaired after the
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injured periodontal membrane has recovered.  New cementum is
deposited upon the original cementum or the dentin in the resorbed
area; new Sharpey’s fibers are embedded into this cementum, and
thus the damaged portion of the root surface is restored to its
normal functional properties. The reparative cementum may be
either primary or secondary cementum, or both types may take
part in the repair of the resorbed area. In resorptions in the apical
portion of the root, secondary cementum will most commonly be

Fig. 175.—Repaired resorption Pig, 179.—Repaired resorption of the
of the root surface. The reparative root surface.  The reparative cementum is
cementum 18 primary  cementiam. secondary cementum. D, dentin: B, line
I, dentin; R, line of resorption in of resorption in the dentin; PC, primary
the dentin: PC, primary cementum cementum on the original root surface;
in the resorbed area; F, Sharpey’s SC, gecondary cemenium in the resorbed
fibers embedded into the regenceraved aren: F, Sharpey's fhers embedded into
cementum surface, the secondary cementum.

found; in the coronal portion of the root, either primary or secon-
dary cementum may be deposited. In many instances, primary
cementum is deposited directly upon the resorbed root surface
(Fig. 178). In other cases, cell-containing secondary cementum is
deposited first, and the regenerated fiber bundles of the periodontal
membrane become embedded in the reparative cementum (Fig, 179).
Again, in other instances, secondary cementum is the first hard
tissue to be formed in the resorbed area, a layer of primary cemen-
tum being deposited upon the secondary cementum (Fig, 180),
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I'rom the viewpoint of restoration of function in the damaged area,
either form of repair seems to be satisfactory (see Figs, 210 and 305).

Another very important occasion for reparative cementum for-
mation is injury to the root end during root canal operation. IHere,
due to the location, cell-containing secondary cementum is most
frequently found. The periodontal membrane reacts, in the absence
of infection, to the removal of a pulp and to the insertion of a
foreign material into the root canal by depositing cementum, which
finally covers root filling material, pulp remnants and ramifications
as a solid callus and causes healing of the apical wound. One

Fia. 180, —Repaired resorption of the root surface. Repair first by secondary,
then by primary cementum. D, dentin; R, line of resorption in the dentin; SC,
secondary ecementum deposited upon the resorbed dentin surface; PC, primary
cementum deposited on top of the secondary cementum; F, fiber bundles embedded
into the primary cementum.

interesting observation along this line is the possibility of cementum
deposition directly upon the surface of a foreign body, such as
guttapercha (Figs. 157 and 159) ; this condition must, in a biological
sense, be looked upon as the ideal outcome and as the final goal in
every pulp canal operation (see Chapter VII).

The réle of cementum in tooth fractures will be discussed in
detail in Chapter XVI. If the continuity of the root has been
severed by a trauma, the periodontal membrane will deposit cemen-
tum upon the fractured surfaces, and if the circumstances are
favorable a reunion will result.
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EXCESSIVE FORMATION OF CEMENTUM.

Abnormal or excessive formation of cementum can be divided
into two groups: cementicles and cementum hyperplasias.

1. Cementicles. —('ementicles are caleihed bodies found in the
periodontal membrane of the teeth of adults. They are usually
small and seldom measure more than 0.3 to 0.4 mm. In the perio-
dontal membrane of some teeth they are very numerous, in others
entirely absent. The development of cementicles occurs close to
the epithelial rests in the periodontal membrane, and frequently
epithelial cells ean be observed near the cementicles (Fig. 181).
In these cases cementicles seem to form by the deposition of cemen-

Fig. 181.—Cementicle in the periodontal membrane. €, cementum on the root
surface; PM, periodontal membrane: ', cementicle lving free in the periodontal
membrane:; I, epithelial strands near and around the cementicle; AR, alveolar hone.

tum over degenerating or dead epithelial cells (Gottlieb). The
close relationship of cementicles and epithelium is also corroborated
by the common occurrence of cementicles in the neighborhood of
enamel drops. These atypical enamel formations are covered by
a layer of epithelial cells which gradually degenerate. The dyving
cells form centers of caleification around which cementicles develop
(Fig. 182).

If cementicles are very numerous in the periodontal membrane
of a tooth and lie close to the root surface, they may become adher-
ent to the latter by the advancing formation of cementum, resulting
in a peculiar, ragged appearance of the root surface (Fig. 183).
Fach one of these small prominences of the cementum (cementum
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exostosis) 1s a cementicle of typical concentric structure that origin-
ally lay free in the periodontal membrane and later became united
with the root surface.

Fra. 182.—Cementicles in the proximity of an enamel drop in the bifureation of
a lower molar. IY, dentin; ED), enamel drop; O, cementum; CT, fibrous connective
- 14 - v ' -
tissue; C', groups of small cementicles aceumulated around degenerating epithelial
cells,

Fra. 183, —Adherent cementicles on the oot surface of a lower molar. I, dentin:
PC, primary cementum; ', eementicles of concentrie lamellated structure embodded
in primary cementum; PM, perindontal membrane; AB, alveolar bone.

2. Cementum Hyperplasia (Hypercementosis). —Cementum hyper-
plasia can be defined as an excess formation of cementum, either in
a circumscribed area of the root. or on its entire surface. The first
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type, circumseribed cementum hyperplasiag, is very small, and
15 usually the result of caleification of the periodontal fiber bundles
near their points of attachment. They are occasionally found on
the surfaces of the roots of teeth that are subjected to considerable
functional stress; under these cireumstances the prominences or
spike-like cementum hyperplasias to which the fiber bundles are
attached may be compared with the bony projections or exostoses
found at the point of attachment of tendons