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Foreword

The textbook and atlas “Dental Pathology—A
Practical Introduction” occupies a unique niche
in dental-medical publishing. In fact, the book
aims to be a substitute for the famous book “Pa-
thology of dental hard tissues’, written and ed-
ited by the late Jens J. Pindborg, Copenhagen, for
which there has not been a successor for almost
40 years. Dental pathology primarily focussing
on macro- and microstructure of teeth and adja-
cent tissues is very specific and fully understood
only by those who specialise in this field or who
have developed interest in the “Organon dentale”
The author, Prof. Pieter J. Slootweg, Nijmegen,
The Netherlands, has extensively been dealing
with dental, oral, and maxillofacial pathology
during his entire career. His expertise and life-
long experience with this specialty in pathology
has resulted in an authoritative and encyclopae-
dic work presented in this book. The author has
elegantly described what some consider a process
difficult to understand, namely tooth formation.

An overview about macro- and micro-distur-
bances of tooth form and dental hard structure
is given. Also, the book deals with alterations
acquired after tooth eruption, disturbed tooth
eruption, disorders of dental pulp and periodon-
tal tissues. In addition, the book extensively deals
with odontogenic cysts and tumors.

Besides the concise text, an especially strong
feature of the book is the many photomicro-
graphs and clinical photos, which provide the
reader with an unusual level of high quality visual
documentation.

I truly believe that this book represents the
most extensive review in the field and that it fills
a gap in the dental and medical literature. It cer-
tainly should become a standard of reference for
dental students as well as researchers in the field.

Berlin, March 2007
Prof. Dr. Peter A. Reichart



Preface

Diagnosis and treatment of diseases in the oral
cavity is quite often hampered by the fact that this
part of the human body is a subject of attention
for two different branches of health care: medicine
and dentistry. Therefore, there may be an overlap
of both expertises in some areas but also neglect
of others. An example of an area underdeveloped
in the treatment of patients with diseases of the
oral cavity is the adequate diagnostic application
of knowledge of the gross and microscopical ap-
pearances exhibited by afflictions of the teeth and
their surrounding structures. Pathologists with
their medical training are in general not famil-
iar with the basic anatomy and histology of these
tissues and thus lack the background knowledge
required for proper assessment of the pathologic
alterations that may occur therein. Oral surgeons
and dentists of course have a vast experience in
diagnosis and treatment of dental and related
diseases but they in general do not have the labo-
ratory facilities at their disposal needed for his-
topathology, nor the microscopical skill of the
experienced pathologist.

This book intends to fill this gap by providing
practically applicable knowledge on macroscopi-
cal and histological changes that are seen in dis-
eases of the dental and periodontal tissues. The
aim is to enable the pathologist to recognize and
interpret alterations in teeth and periodontal tis-
sues in such a way that the results from this in-
vestigation are useful for the clinician who has

submitted the material. Moreover, the content of
this book should enable the clinician to formulate
specific questions on histological features that
may be present to provide the pathologist with
a guideline how to interpret the slides prepared
from the tissue samples under investigation. In
this way, the communication between clinician
and pathologist will be facilitated, thus improv-
ing patient care.

As histopathology of teeth and adjacent tis-
sues requires knowledge of the normal develop-
ment and histology of the dentition, the book
starts with two chapters devoted to these sub-
jects. Thereafter, chapters discuss the gross and
microscopical features of diseases of the teeth,
either developmental or acquired. Then, chapters
are devoted to disease of the periodontal tissues,
odontogenic cysts, and odontogenic tumours.
The final chapter discusses how to distinguish
between odontogenic tumours and developing
odontogenic tissues, an area fraught with difficul-
ties and with severe consequences for the patient
if this distinction is not drawn appropriately. As
far as possible, descriptions and illustrations in-
clude gross features, as well as radiological and
histological aspects. Where appropriate, also the
appearances shown in ground sections are men-
tioned.

Nijmegen, the Netherlands, March 2007
Pieter J. Slootweg
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Tooth Formation

Teeth develop from epithelial cells from the mu-
cosal lining of the oral cavity and cranial neural
crest-derived ectomesenchymal cells. These latter
cells originate at the ectodermal/neuroectoder-
mal junction of the developing brain, extending
rostrally from the caudal boundary of the hind-
brain and neural tube to the midbrain and cau-
dal forebrain. They give rise to most connective
tissues in the craniofacial region including the
bones of the calvarium, face, and jaws. Since these
bones that are formed by mesenchymal cells have
an ectodermal/neuroectodermal ancestry, they
are also known as ectomesenchyme [4-7].

The process of tooth formation starts with the
formation of the dental lamina, a sheet of epithe-
lial cells extending from the lining of the oral cav-
ity into the underlying ectomesenchyme. In this
dental lamina, focal bud-like thickenings deter-
mine the sites of the future teeth, 20 for the de-
ciduous dentition and 32 for the permanent one,
and together with a surrounding aggregation of
ectomesenchymal cells they represent the earliest
stage of the tooth germ (Figs. 1.1a, 1.2).

a b

Subsequently, the epithelial bud transforms
into a cap and from that point on is called enamel
organ. Due to the formation of a concavity along
the inner surface, the cap transforms into a bell.
Ectomesenchymal cells lying within this concav-
ity form the dental papilla that will become the
dental pulp, the soft tissue core of the teeth. Other
ectomesenchymal cells surround the enamel or-
gan and form the dental follicle, the fibrous bag
that invests the tooth germ and separates it from
the adjacent jaw bone. Within the bell-shaped
enamel organ, three different components are
discerned: the inner enamel epithelium facing
the dental papilla, the outer enamel epithelium
lying adjacent to the dental follicle, and the inter-
vening loose stellate epithelium that is called the
stellate reticulum (Figs. 1.1b, 1.3).

From the bell stage onwards, reciprocal in-
ductive events take place causing inner enamel
epithelium and adjacent dental papilla cells to
develop into enamel-forming ameloblasts and
dentin-producing odontoblasts. The differen-
tiation of dental papilla cells into odontoblasts

Fig. 1.1a-c Diagram showing consecutive stages of early tooth formation. a Bud stage, b Cap stage, and ¢ Bell stage.
Epithelium shown in blue, ectomesenchyme in pink, dentin in yellow, and enamel in grey



Fig. 1.2 Epithelial thickening of oral epithelium with
underlying ectomesenchyme

requires a stimulus from the inner enamel epi-
thelium, whereas the terminal differentiation of
inner enamel epithelium into enamel-producing
ameloblasts cannot occur without the presence
of dentin. Therefore, dentin production occurs
before enamel production and this is recapitu-
lated in some odontogenic lesions that may dis-
play dentin formation but no enamel production,
whereas the converse is never seen.

The odontoblasts form a matrix of collagen fi-
bres called predentin that subsequently calcifies
to become dentin. During dentinogenesis, odon-
toblasts recede from the dentino-enamel junc-
tion leaving a cytoplasmic extension behind in
the deposited dentinal matrix. This explains why
dentin has a tubular architecture, each dentinal
tubule containing the cytoplasmic process of a
single odontoblast (Figs. 1.1c, 1.4a, b).

Deposition of enamel starts after a tiny amount
of dentin has been formed at the interface be-
tween future ameloblasts and odontoblasts. The
enamel matrix subsequently calcifies to consist of
approximately 95% minerals. This high mineral
content explains why it does not withstand decal-
cification needed for histology.

While ameloblasts and odontoblasts are de-
positing enamel and dentin, inner and outer
enamel epithelial cells join and proliferate in a
downward way to encircle an increasing part of
the dental papilla, thus creating a tube that maps

Fig. 1.3 Cap stage of tooth germ showing enamel organ
composed of loose stellate reticulum bordered by inner
enamel epithelium facing the ectomesenchymal con-
densation that will develop into the dental papilla (see
Fig. 1.4)

out the form and size of the root of the teeth.
This epithelial cuff is known as the epithelial root
sheath or root sheath of Hertwig. In this root
sheath, the inner enamel epithelium does not
differentiate into enamel producing ameloblasts
anymore but still induces the dental papilla cells
to become odontoblasts that have to form the
root dentin (Figs. 1.5, 1.6). Thereafter, Hertwig’s
root sheath fragmentates. In this way, ectomes-
enchymal cells from the dental follicle gain ac-
cess to the root surface. These cells differentiate
into cementoblasts and secrete cementoid on the
surface of the intermediate cementum laid down
before by them as an initial layer. Cementoid cal-
cifies to become cementum. Whether cells from
Hertwig’s root sheath also contribute to initial ce-
mentum formation is controversial [1, 3, 8].

Besides the formation of cementum, dental
follicle ectomesenchymal cells are also respon-
sible for the formation of the other periodontal
tissues: parts of the bony alveolar socket and the
collagenous periodontal ligament that connects
the tooth with this socket.

Remnants of Hertwig’s root sheath form a per-
manent component of the periodontal ligament;
they are known as rests of Malassez and are the
source of some cystic jaw lesions. Moreover, these
epithelial rests probably play a role in preventing
contact between root surface and alveolar socket
bone, thus ensuring preservation of tooth mobil-



Tooth Formation

Fig. 1.4 a Bell stage of tooth germ. b At the tip of the dental papilla, deposition of enamel (purple) and dentin (pink)

has started

&

Fig. 1.5 Tooth germ in its late development. The crown
is completely formed. The root is still growing at its api-
cal tip, cells from the dental papilla being recruited to
become dentin-forming odontoblasts. At this site, inner
enamel epithelium still induces development of odon-
toblasts with subsequent dentin formation, but the sub-
sequent differentiation of epithelium into ameloblasts
forming enamel does not take place in root formation.
(Drawing by John A.M. de Groot)

Fig. 1.6 Apical part of tooth germ showing Hertwig’s
epithelial root sheath. Cylindrical odontoblasts form
dentin adjacent to the basal side of the opposing inner
enamel epithelium



ity and inhibiting root resorption [2]. Other epi-
thelial reminiscencies to the tooth development
lie more superficially in the jaw tissues; they are
the epithelial rests of Serres, which originate from
the dental lamina.

When the formation of the crown is complete,
the enamel organ atrophies. The stellate reticu-
lum disappears and inner and outer enamel epi-
thelium form an epithelial covering of the tooth
crown—the so-called reduced enamel epithe-
lium—which remains present until the tooth
erupts into the oral cavity. Fluid accumulation
between enamel surface and this epithelial in-
vestment may give origin to cystic lesions.

Inhumans, tooth formation starts already at the
6th week of embryoniclife. It continues until early
adulthood when the roots of the permanent 3rd
molars reach their completion. The various stages
of tooth development are clearly displayed by jaw
radiographs taken from children with a mixed
dentition. These radiographs show fully formed
deciduous teeth and permanent teeth in varying
stages of development. One should realise that
all above-described developmental stages may be
observed in the jaw at one and the same time as
odontogenesis takes place from early embryonic
life until early adolescence. To mention just one
example, inner and outer enamel epithelium may
show active proliferation at the developing root
tip while slightly more coronally, the root sheath
dissolves and cementoblasts from the dental fol-
licle are lying down cementum, both these events
occurring within a distance of only 1 mm from
each other at the developing root surface.
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| Chapter2
Histology of the Teeth

2.1 Introduction

Teeth consist for the major part of dentin. This
material houses the dental pulp, the soft tissue
core of the tooth consisting of myxoid connective
tissue with blood vessels and nerves, and sup-
ports the enamel cap that covers the part of the
tooth that is exposed to the oral cavity. In the root
area, dentin is covered by cementum that fixes
the collagenous fibres of the periodontal ligament
onto the root surface. At the other side, these col-
lagenous fibres are attached to the bone of the
tooth socket and in this way, the tooth is fixed in
the jaw. Through an opening at the root tip that is
called the apical foramen, the connective tissue of
the pulp is continuous with the collagenous fibres
of the periodontal ligament. Blood vessels and
nerves pass through this opening to the dental

and Surrounding Structures

pulp (Figs. 2.1a, b). Sometimes, additional com-
munications exist between dental pulp and the
periodontal ligament. These so-called accessory
canals are clinically important as they may cause
lesions usually confined to the root tip to occur at
aberrant sites.

Dentin is a specialised kind of bone formed by
the odontoblasts but different in the sense that it
does not contain complete cells but only cellular
extensions, i.e., cytoplasmic extensions from the
odontoblasts. These cross the full thickness of the
dentin from the odontoblastic cell body that lies
at the border between dentin and dental pulp to
the junction between dentin and enamel. The tiny

Fig. 2.1 a Gross specimen showing tooth in its socket with surrounding jaw bone. b Schematic drawing to clarify the
various components: enamel in grey, dentin in yellow, root cementum in orange, periodontal ligament in green and
epithelium in blue. (Modified from drawing by John A.M. de Groot)



Fig. 2.2 Dentin at its pulpal side bordered by columnar
odontoblasts. The distinction between the pale preden-
tin and the darker staining mineralised dentin is clearly
visible

canals that house the odontoblastic extensions
are recognisable as evenly spaced tubuli. This tu-
bular nature is the histologic hallmark for dentin,
not only in teeth but also in odontogenic lesions
in which the nature of each mineralised material
may not be recognisable at first sight. Sometimes,
in the dentin incremental lines that run parallel
to the dentino-enamel junction, are observed, the
so-called lines of von Ebner.

The organic matrix laid down by the odonto-
blasts is called predentin; it is recognisable by its
pink staining in hematoxylin- and eosin-stained
sections. In this matrix, calcification occurs in the
form of spherical masses which as they increase
in size gradually fuse together, thus transform-
ing the predentin into the darker staining min-
eralised dentin (Fig. 2.2). At the border between
dentin and predentin, these calcospherites can be
frequently seen, either separate or already in con-
tact with the calcified dentin.

Several types of dentin are discerned. The layer
of dentin immediately adjacent to the border with
the enamel is called the mantle dentin. The more
centrally located part of the dentin is the circum-
pulpal dentin. This distinction is relevant as some
structural tooth alterations are confined to the
circumpulpal dentin, leaving the mantle dentin
uninvolved, as will be discussed later on. Mantle
dentin is separated from the circumpulpal dentin
by a zone of disturbed dentin formation called
globular dentin, so-called because of the pres-
ence of interglobular spaces due to deficient min-
eralisation at this site (Figs. 2.3a, b). Both mantle
and circumpulpal dentin are taken together as
primary dentin. The dentin that is formed during
the functional life of the tooth is called second-
ary dentin. Its life-long gradual deposition causes

Fig. 2.3 Interglobular dentin recognisable as dark irregularities in an undecalcified ground section, running parallel
to the dentino-enamel junction (a) or as pale staining areas indicative of incomplete mineralisation in a decalcified
hematoxylin- and eosin-stained section (b)
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Fig. 2.4 Tertiary dentin shown as an irregular calci-
fied tissue mass interrupting the regular arrangement of
odontoblasts

a decrease of the pulp chambers over the course
of time. Tertiary, or reparative dentin is formed
as a pulpal response to some kind of trauma. It
differs from both primary and secondary den-
tin in that it has a more irregular structure, not
only containing odontoblastic extensions but also
complete cell bodies of odontoblasts and thus re-
sembling bone. That is why it is sometimes also
called osteodentin (Fig. 2.4).

Dentin that has lost its organic content due to
disappearance of odontoblasts with concomitant
disintegration of intratubular cytoplasmic pro-
cesses is said to contain dead tracts. If these empty
tubuli calcify, sclerotic or transparent dentin is
formed. Both dead tracts and sclerotic dentin are
only visible in undecalcified ground sections.

2.3 Enamel

Enamel content is almost 100% mineral, so it
evades histologic evaluation in common paraffin
sections from decalcified material. Only in im-
mature tooth tissues, may it be seen in routinely
prepared histologic slides due to a still higher
proportion of organic components, where it is
visible as a slightly basophilic thready material
(Fig. 2.5). In this form, it may also form part of
the histologic appearance of odontogenic tu-
mours.

Fig. 2.5 Photomicrograph showing enamel matrix. Due
to the low mineral content, its lamellated structure is still
visible

Examination of mature enamel requires the
employment of ground sections. In transmitted
light, incremental lines can be seen in the enamel
lying more or less parallel to the crown surface
and the dentino-enamel junction, the so-called
striae of Retzius. In reflected light, alternating
light and dark bands that run perpendicular to
the dentino-enamel junction can be observed.
These so-called Hunter-Schreger bands are an op-
tical phenomenon caused by different directions
of the rods that form the building stones of the
enamel (Fig. 2.6). These rods have on transverse

Fig. 2.6 Ground section of a tooth to illustrate in the
enamel the presence of the striae of Retzius running par-
allel to the enamel surface and the alternating light and
dark Hunter-Schreger bands running perpendicular to
the dentin-enamel junction



sectioning the outline of a keyhole. Through in-
terlocking of these rods, a compact structure is
formed. Each rod is formed by four ameloblasts.
The rods are responsible for the striated appear-
ance that immature enamel matrix shows in de-
calcified paraffin sections.

2.4 Cementum

Root cementum is visible as a tiny, slightly baso-
philic layer at the outer surface of the root part of
the tooth and can be distinguished from dentin by
the absence of tubuli. It obliterates the peripheral
ends of the dentinal tubuli and lies adjacent to the
mantle dentin. It is the product of fibroblasts from
the dental follicle migrating to the root surface
and differentiating into cementoblasts.Whether
epithelial cells from Hertwigs sheath contribute
to initial cementum formation is controversial as
has already been discussed in Chap. 1.

Fig. 2.7 Root surface covered by cementum

Over the course of time, cells from the peri-
odontal ligament may add new cemental layers
to the root surface in which cells may become en-
trapped (Fig. 2.7). The cellular cementum formed
in this way closely resembles bone and can only
be identified as cementum by its location: cov-
ering a root surface. Deposition of cementum
probably continues throughout life. It is superim-
posed upon the cementum that is formed initially
during tooth formation. Collagen fibres from
the periodontal ligament are embedded in the
cementum, thus ensuring fixation of the tooth
in its socket. Coronally, cementum ends where
enamel starts. Usually, there is a slight overlap,
cementum covering the cervical enamel over a
short distance. However, an edge-to-edge border
as well as a tiny gap between both tooth covering
tissues may also be seen.

2.5 Dental Pulp

The dental pulp is the soft connective tissue that
forms the inner core of each tooth. It is divided in
the coronal part and the radicular part depend-
ing on its position. At the root tip, the radicular
part of the pulp merges with the periodontal liga-
ment. At this site, blood vessels and nerves en-
ter the tooth. At the interface of pulp and dentin
lies a continuous row of columnar odontoblasts
(Fig. 2.8). They are responsible for the deposition

Fig. 2.8 Dental pulp with columnar odontoblasts at the
border with the adjacent dentin
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of dentinal matrix that may be either secondary
as a physiologic process continuing as long as the
tooth lives, or tertiary as a reply to some insult. In
the latter situation, they lose their regular palis-
sading architecture and may lie embedded in the
matrix they have deposited. In the pulp, calcified
particles may form, the so-called denticles. They
will be discussed more extensively elsewhere (see
Sect. 7.1).

2.6 Gingival Attachment

During and after eruption, the tooth pierces
through the oral mucosa while reduced enamel
epithelium and oral epithelium coalesce (see
Chap. 6). To maintain an adequate barrier be-
tween the inner and the outer environment, there
has to be a firm connection between the epithe-
lial lining of the oral cavity and the surface of
the tooth. This requirement is fulfilled by the so-
called junctional epithelium, a rim of specialised
multilayered nonkeratinising squamous epithe-
lium that forms a cuff attached to and surround-
ing the necks of the teeth. In a healthy situation,

Chapter 2

this epithelium is attached to the enamel surface,
forming a tapering end at the border between
root cementum and enamel. At its opposite end,
the junctional epithelium ends in a free margin
where it merges with the epithelial surface of
the free gingiva, the part of the gingiva that is
connected to the tooth surface. This latter epi-
thelium is parakeratinised and shows extremely
long and thin rete ridges that may split into sev-
eral branches. Both the epithelial covering of the
free gingiva as well as the junctional epithelium
are supported by collagenous fibres fanning out
from the root surface and connected to the root
through embedding in the root-covering cemen-
tum (Figs. 2.9a, b).

The junction between epithelium and tooth is
very vulnerable as it depends only on adhesion
between both surfaces. Slight inflammatory alter-
ations in the gingiva may already cause disruption
of this attachment. The consequences of this dis-
ruption will be discussed under the heading gin-
gival and periodontal disease (Chap. 8). Briefly, if
there is loss of attachment of the junctional epi-
thelium to the tooth surface, it may move down-
wards to lie adjacent to the root cementum and
may establish a new attachment at that site.

Fig. 2.9 Schematic drawing (a) and photomicrograph (b) to illustrate the gingival attachment to the tooth surface



Fig. 2.10 Periodontal ligament, at one side bordered by
the bone of the alveolar socket, at the opposite side by
the cementum covering the root surface. A nest of Mal-
assez lies embedded between the fibres running between
both surfaces

2.7 Periodontal Ligament

When embedded in the jaw in its bony crypt, the
tooth is surrounded by a fibrous bag, the so-called
dental follicle as has already been mentioned
above, and that is not only the source of the peri-
odontal ligament but also for the cells that form
the secondary cementum and the alveolar bone.

During and after tooth eruption, the fibrous
connective tissue composing the follicle trans-
forms into the periodontal ligament that forms
the connection between the tooth and the walls
of the bony crypt that evolves into the alveolar
socket.

At the neck of the tooth, the dentoalveolar col-
lagenous fibres of the periodontal ligament con-
nect with those of the gingiva, which are specifi-
cally known as gingival fibres. Epithelial rests of
Malassez, already mentioned before, lie embed-
ded in the collagen fibres between alveolar bone
and root surface (Fig. 2.10).

The dental follicle is extremely important from
a differential diagnostic point of view. It may con-
tain structures that are also found in a variety of
odontogenic tumours and that may be mistaken
as proof for presence of such a tumour by the un-
awary pathologist. This point will be discussed
more extensively within the context of odonto-
genic tumours (see Chaps. 10 and 11).

Further reading

Avery JK, Chiego DJ Jr. (2006) Essentials of oral
histology and embryology. A clinical approach,
3rd edn. Mosby-Elsevier. St. Louis



| Chapter3
Disturbed Tooth Form

3.1 Disturbances Arising

During Tooth Formation

Teeth may show an abnormal form due to mal-
formations occurring during development or
acquired after eruption into the oral cavity. The
microscopic structure of the dental tissues usu-
ally is normal.

3.1.1 Fusion

In case of fusion, two adjacent teeth are con-
nected with each other by either enamel and
dentin both or, rarely, by enamel alone. The fu-
sion may be complete over the full length of the
teeth or only partial. The condition is due to the
merging of two adjacent tooth germs. If the tooth
germs touch each other after the investing dental
follicle has disappeared, odontogenic soft tissues
may unite to form a common matrix that subse-
quently mineralises as usual (Figs. 3.1a—e). The
number of teeth will be diminished by one in
this condition, two normal teeth being replaced
by one of abnormal appearance. Theoretically,
the dentition can still have a normal number of
teeth when there is fusion of a tooth with a super-
numerary counterpart. Occurrence of a separate
dentin stalk projecting from the root surface and
capped with enamel and having a common pulp
chamber with the main tooth probably represents
this type of fusion.

3.1.2 Gemination and Twinning

Gemination occurs when there is partial develop-
ment of two teeth from one single tooth germ. An

abnormally formed tooth with usually one root
canal is the outcome of this developmental fault
(Figs. 3.2a, b). When the division is complete, the
condition is called twinning. Then, the normal
number of teeth is increased by one, the super-
fluous tooth usually being the mirror image of
its adjacent counterpart. As already mentioned,
the distinction between gemination and fusion
is made by counting the number of teeth in the
dentition. In case of fusion, their number is de-
creased by one as two teeth are replaced by one
single abnormally formed fusion product. In case
of gemination, the number is normal but with
one of the teeth being replaced by an abnormally
formed one.

3.1.3 Concrescence

Concrescence is the connection of two or more
teeth by root cementum alone after the tooth
crowns have been formed (Figs.3.3a-d). The
teeth themselves are usually normal of size and
form. As the uniting tissue is cementum, an
increased amount of cementum covering the
roots—hypercementosis—is usually also present.

3.1.4 Dens Invaginatus

Dens invaginatus, also called dens in dente, is a
condition in which the crown surface of the tooth
invaginates deeply into the crown and quite of-
ten also the root part. In this way, a deep groove
is created, lined by dentin with a thin surface
layer of enamel. Externally, the involved tooth
may only show a tiny pit at its outer surface. In
the interior of the tooth, this pit dilates to form a
large cavity (Figs. 3.4a-d). Through this pit, bac-
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Fig. 3.1 Schematic drawing (a), gross appearance (b),
cut surface (c), ground section (d), and decalcified sec-
tion (e) of fusion. Two teeth are connected to each other
at the level of the dentin, indicating contact between two
& ' teeth during their germ stage
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Fig. 3.2 Schematic drawing
(a) and gross appearance (b) of
gemination

Fig. 3.3a-d Schematic drawing (a) and gross appearance (b), cut surface (c), and ground section (d) of concres-
cence. Two teeth are united by a thick cementum layer

13
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Fig. 3.4a-e Dens invaginatus (dens in dente). Gross appearance (a),
radiograph (b) and cut surface to display the cavity inside the tooth
(). The opening of the invagination to the outer surface may be differ-
ent among individual cases: d incisally, e laterally

teria from the oral environment have free access
to the inner part of the tooth and therefore, this
form anomaly makes these teeth very vulnerable
for carious decay. The outer opening of the invag-
ination may also be located laterally (Fig. 3.4e).

3.1.5 Dens Evaginatus

In dens evaginatus, an enamel-covered tubercle
projects from the occlusal surface of the affected
tooth. This evagination not only consists of enamel
butalso of dentin and pulp tissue. It mostly occurs

in molar and premolar teeth (Fig. 3.5). Fig. 3.5 Dens evaginatus. The occlusal surface of the
molar tooth shows a centrally located additional cusp
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3.1.6 Dilaceration

Dilaceration means displacement of the crown
from its normal alignment with the root. It occurs
when during tooth development an acute me-
chanical event causes a movement of the already
calcified coronal part of the tooth germ that is
not adequately followed by the not-yet-calcified
root part of the tooth. In this way, a persistent
malalignment between both components will
be established, the root forming an angle with
the crown in the adult tooth; alternatively only a
stunted root may be formed (Figs. 3.6a—c). Mal-
formation of the immature tooth may also occur
through forces exerted by intraosseous space-oc-

Fig. 3.6a-c Dilaceration. The root shows an acute angle (a). At higher magnifi-
cation, the disturbed course of the dentinal tubuli is shown (b). Sometimes, the
entire root is stunted and underdeveloped (c)

cupying lesions. In those cases, the teeth involved
show bending and no angulation. This type of
malformation is not included in the definition of
dilaceration.

3.1.7 Taurodontism

In normal teeth, the pulp chamber shows a con-
striction at the level of the amelocemental junc-
tion. In taurodontism, the pulp chamber shows
an increased vertical dimension, thus extending
far into the root area of the involved tooth. As a
consequence, in multirooted teeth, the splitting of
the root into its several extensions, the so-called
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Fig. 3.7 Cut surface (a) and histologic appearance (b) of taurodontism. The apical displacement of the root furcation
is clearly visible

Fig. 3.8 Gross appearance (a), radiograph (b), and ground section (c) of an enamel-capped lateral outgrowth from
the root surface. This could be classified as an enamel pearl although fusion of the molar tooth with a rudimentary
supernumerary tooth could also be considered

furcation, occurs at a level much more apically although they can also be found embedded in
than is the case in normal teeth (Figs.3.7a,b). the dentin. Their size may vary from a pinpoint
Therefore, the root bi- or trifurcation may be very  to several millimeters. Sometimes, the enamel
shallow or even absent. pearl has the form of a cap covering a dome-
shaped dentin core. If this type of enamel pearl
has a considerable size, its distinction from a
S Ererl e s supernumerary tooth fused becomes debatable
(Figs. 3.8a—c).
Enamel pearls are deposits of enamel in an ab-
normal position, mostly the outer root surface,
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3.2 Posteruptively Acquired
Disturbed Tooth Form
After their eruption in the oral cavity, teeth may
undergo form alterations due to trauma causing
loss of tooth substance due to fractures. Also,
tooth substance may be lost gradually due to cari-

ous decay. Both issues and their sequelae will be
discussed in Chap. 5.
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Further reading

Tahmassebi JE, Day PE, Toumba J et al. (2003)
Paediatric dentistry in the new millennium: 6.
Dental anomalies in children. Dental Update
30:534-540
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As enamel content is almost 100% mineral, it
cannot withstand the decalcification needed to
allow paraffin sectioning. Therefore, in general, it
is not present anymore in the histologic sections
and so, the histopathologist usually will not be
faced with problems of how to interpret changes
in this tissue type. However, as gross inspection
of submitted teeth before they are processed for
histology will already yield useful data, altera-
tions in this dental hard tissue will nevertheless
be mentioned briefly from a practical point of
view while acknowledging that the topic is much
more complicated then depicted below.

4.1.1 Amelogenesis Imperfecta

Amelogenesis imperfecta is a hereditary condi-
tion afflicting the tooth enamel. It is subdivided

Developmental Disturbances
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in a considerable number of conditions depend-
ing on the clinical appearance, the kind of distur-
bance, and the pattern of inheritance which may
be autosomal recessive, autosomal dominant, or
x-linked. For practical purposes,amelogenesisim-
perfecta will be discussed to allow recognition of
the various subtypes as defined by their gross ap-
pearance, teeth either showing abnormal enamel
caps of normal hardness or enamel caps consist-
ing of enamel that is too soft and discolored. The
first is called hypoplastic, and the latter hypomin-
eralised or hypomatured. The ambiguities arising
from this phenotypic classification are demon-
strated by the combined occurrence of both hy-
poplastic and hypomineralised amelogenesis im-
perfecta in a family also having taurodontism
[14] and it has been proposed recently that a clas-
sification based on the mode of inheritance may
be more appropriate [1]. The current description
aims to provide a practically applicable guide.

As amelogenesis is a hereditary condition, it
afflicts in principle all teeth or nearly all teeth, al-
though there may be variation in expression.

Fig. 4.1a,b Amelogenesis imperfecta of the hypoplastic type. Tooth surface shows pitting (a) or irregularities (b)
indicating abnormal enamel formation. The hardness of the enamel is normal
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4.1.1.1 Amelogenesis Imperfecta,
Hypoplastic

Amelogenesis imperfecta of the hypoplastic type
is the result of a decreased amount of enamel
matrix laid down during tooth formation. As a
result, the enamel cap does not acquire its nor-
mal thickness. As mineralisation is normal, the
hardness of the remaining enamel layer may be
normal. However, the reduced thickness of the
enamel cap causes an abnormal crown form of
the involved teeth. These externally visible abnor-
malities may vary from an almost absent enamel
cap to only a few irregularities in an otherwise
normally formed tooth. These irregularities have

been classified as rough, pitted, and grooves that
may run vertically or horizontally (Figs. 4.1a, b).

4.1.1.2 Amelogenesis Imperfecta,
Hypomineralised

In the hypomineralised type of amelogenesis im-
perfecta, the enamel initially develops a normal
thickness but the matrix is not mineralised in a
normal way. Therefore, the teeth erupt with an
initially normal appearance of their crowns but
the ill-mineralised enamel is soft and as a result, is
easily worn away in the mechanically demanding
oral environment, thus exposing the underlying

Fig. 4.2a-d Amelogenesis imperfecta of the hypomineralised type. The enamel cap is worn away due to masticatory
forces leaving a bare dentin surface with enamel remnants present only at the cervical part of the crown (a). Gross
appearance (b), cut surface (c) and ground section (d) showing thin and friable enamel cap
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dentin. The enamel is light yellow-brown to or-
ange and becomes brown to black after eruption
because of stains from food or beverages. Char-
acteristically, remnants of enamel remain present
in mechanically privileged niches, e.g., the cervi-
cal part of the tooth crown (Figs. 4.2a-d). Due to
its low content of minerals, this defective enamel
will not dissolve completely during decalcifica-
tion and therefore, it may be present in paraffin
sections made from these teeth (Fig. 4.3).

4.1.1.3 Amelogenesis Imperfecta,
Hypomatured

Amelogenesis of the hypomatured type is diffi-
cult to discern from the hypomineralised type as
it also shows the presence of enamel that is softer
than it should be and that shows discoloration.

4.1.2 Enamel Hypoplasia

Enamel hypoplasia means any disturbance in
tooth formation leading to macroscopically visi-
ble defects in the surface of the enamel. Although
this definition also would include the hypoplastic
form of amelogenesis imperfecta, the term enamel
hypoplasia in practice is only applied to enamel
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lesions due to a systemic interference. This means
that alterations may not be universal in the sense
that they involve all teeth or the entire teeth
crown, as is the case in amelogenesis imperfecta.
Only the enamel formed during the time span in
which the systemic interfering factor was active
will be abnormal. As the enamel is lost during
decalcification, microscopy of this form of ab-
normal enamel requires ground sections, which
is not within the reach of most histopathology
laboratories. However, macroscopical inspec-
tion of these teeth will allow the distinction from
amelogenesis imperfecta, where all teeth show
abnormalities, as opposed to enamel hypoplasia,
where only some teeth may be abnormal. A com-
mon cause for enamel hypoplasia is an overdose
of fluoride. This condition will be discussed more
extensively below. Also tetracyclin may give rise
to enamel hypoplasia, but as these drugs particu-
larly cause tooth pigmentation, this topic will be
discussed under that heading.

4.1.3 Enamel Opacities

Enamel opacities are white opaque spots in
smooth-surfaced enamel. Probably they are due
to transient hypomineralisation of the enamel
matrix. Most often, they are seen at the incisor
teeth (Fig. 4.4). Incidentally, they may also be

Fig. 4.3 Sometimes, teeth are
covered by a defective enamel

layer displaying both features of
hypoplasia and hypomineralisation
as shown in this photomicrograph.
The enamel layer shows variation
in thickness and absence of regular
lamellation (compare with Fig. 2.5).
Underlying dentin does not show
any abnormalities
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Fig. 4.4 White spot on labial surface of right first incisor
tooth indicates transient period of hypocalcification

brown and mottled. In that case, distinction from
local enamel hypoplasia may become equivocal.
The prevalence of this condition is rather high.
Enamel opacities are probably the result of short
intervals of disturbed deposition of enamel ma-
trix. Subsequent normal formation of enamel
matrix will then bury the abnormal area.

4.1.4 Dental Fluorosis

Fluorosis is a permanent hypomineralisation of
enamel, in its mildest form characterised as small
white spots. More severe forms range between
white, opaque areas to darkly stained and pitted
enamel (Figs. 4.5a, b). Probably, an overdose of
fluoride interferes both with the function of am-
eloblasts and proper calcification of the enamel
matrix [10, 13].

4.2 Dentin

Structural abnormalities of dentin, quite often
also resulting in abnormally formed teeth, mostly
have an hereditary background. They are classi-
fied into two main groups: dentinogenesis imper-
fecta and dentinal dysplasia. Dentinogenesis im-
perfecta is further subdivided: type I, occurring
together with osteogenesis imperfecta; and type
II, occurring isolated. Dentinal dysplasia is also
subdivided into two types. All types are charac-
terised by failure of normal dentin formation after
the initial deposition of a small amount of mantle
dentin. As a result of this, involved teeth may
show either abnormally short or entirely absent
roots, whereas the pulpal chambers may partly or
entirely obliterated due to formation of abnormal
dentin masses. When dentin apposition comes
to a halt almost immediately after it has started,
rootless teeth with a very thin dentin cap are the
result: the so-called shell-teeth. Due to overlap-
ping phenotypes for all clinical categories of heri-
table dentin defects, their categorisation has been
extensively discussed in the past and it has been
proposed recently that a classification based on
the underlying genetic defect should replace the
phenotypic classification [3, 6-8, 11, 12].

For the histopathologist, the heritable dentin
defects are recognisable by the presence of a small
rim of normal dentin covering either an unusually
wide pulp space in shell teeth or encasing a pulp
chamber filled with irregular masses of dentin
containing haphazardly running dentinal tubuli

Fig. 4.5 Dental fluorosis. The abnormalities may vary from moderate (a) to severe (b). Enamel shows white spots,
brown discolorations, and surface irregularities indicating both enamel hypocalcification and hypomineralisation
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in the other categories (Figs. 4.6a, b). This abnor-
mal dentin should not be confused with the ter-
tiary dentin formed locally in the dental pulp as a
response to some external irritant (see Chap. 5).

4.3 Developmental Structural

Abnormalities Involving
Both Enamel and Dentin

4.3.1 Odontodysplasia

Odontodysplasia is a developmental disturbance
consisting of both enamel and dentin abnormali-
ties in several adjacent teeth. The often-added
suffix “regional” emphasises this usually localised
character, but a few cases have been described
with involvement of more extensive parts of the
dentition, the abnormal teeth being present bilat-
erally and in both upper and lower jaw. The teeth
are abnormally formed and the covering enamel
layer is thin and yellow. The pulp chambers are
wide and the amount of dentin is greatly reduced.
The enamel is hypoplastic and the dentin contains
large areas of interglobular dentin (Figs. 4.7a, b).
Also, the predentin zone is very wide. The dental
pulp usually contains large and irregular aggre-
gates of mineralised matrix, the so-called denti-
cles (see Chap. 7). The condition may be accom-
panied by gingival enlargement [4, 5].
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Fig. 4.6 Tooth showing thin
surface layer of regular dentin
and pulpal obliteration by ir-
regular dentinal masses (a) with
vascular inclusions (b). This
appearance may be shown by
both dentinogenesis imperfecta
as well as dentinal dysplasia

Fig. 4.7 Cut surface (a) and ground section (b) from
tooth showing features of odontodysplasia. Both enamel
and dentin are abnormal

4.3.2 Odontogenesis Imperfecta

In odontogenesis imperfecta, both enamel and
dentin exhibit pathologic changes in all teeth.
The enamel is hypoplastic and the dentin shows
changes similar to those seen in dentinogenesis
imperfecta (Figs. 4.8a, b).

23



Fig. 4.8 Low power view (a) and higher magnification (b) indicating both abnormal dentin as well as enamel. The
dentin is thin and contains vascular inclusions and the enamel lacks lamellation and shows uneven mineralisation.
This pattern indicates disturbances of both enamel as well as dentin formation and could be indicative of odontodys-
plasia as well as odontogenesis imperfecta depending on the distribution among the dentition

4.3.3 Rickets

Lack of adequate supply of vitamin D during
tooth development results in enamel hypoplasia
(Fig. 4.9). Changes in the dentin especially are
apparent in cases of vitamin D-resistant rickets
(hereditary hypophosphataemia). This condi-
tion is associated with the presence of large pulp
chambers, pronounced interglobular dentin,
wide seams of predentin and clefts, and tubular
defects in the dentin formed in areas of tapering
pulpal extensions (Fig. 4.10).

Fig. 4.9 Dentition showing irregular surfaces of vari-
ous teeth due to defective enamel formation caused by
rickets

4.3.4 Segmental Odontomaxillary
Dysplasia

Segmental odontomaxillary dysplasia is a rare,
unilateral developmental disorder of the maxilla
involving abnormal growth and maturation of
the bone, lack of one or both premolars, altered
primary molar structure, delayed tooth eruption,
and fibrous hyperplasia of the gingiva (Fig. 4.11).
Data on histology of the involved teeth are
scarce, only one report mentioning them. These
authors report the presence of tubular defects

Fig. 4.10 Photomicrograph showing excessive inter-
globular dentin due to defective mineralisation in he-
reditary hypophosphataemia
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Fig. 4.11 Segmental odontomaxillary dysplasia. X-ray
showing area of irregular bone structure in left maxilla.
Two teeth in this area show an abnormal root contour
indicating resorption

Fig. 4.12 Teeth in segmental odontomaxillary dysplasia show pulp fibrosis, lack of an odontoblastic layer, and an
irregular architecture of the circumpulpal dentin (a). This dentin shows haphazardly running tubuli and cellular
inclusions. The outer part of the dentin (b, ) is normal

in the coronal dentin extending from the pulp
towards the dentino-enamel junction. The cir-
cumpulpal dentin from the middle one-third
of the root apically had an irregular tubular
structure and lacked a well-defined odontoblast
layer (Figs. 4.12a, b). The pulp chamber had an
irregular outline, giving the impression of intra-
dentinal pulpal inclusions with pulp stones. Pulp
chamber and root canals were enlarged. Pulpal
tissues showed coarse fibrosis, increased vascu-
larity, and a whorled pattern. External root sur-
faces showed areas of resorption, some of them
with partial repair [2, 9].
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Alterations Acquired
After Tooth Eruption

Tooth alterations occurring after eruption in the
oral cavity are manifold. They may be due to a
large variety of causes. Their effects may be gross
form alterations or subtle changes only visible on
histologic examination.

Tooth decay (dental caries) starts with the de-
struction of the enamel cap by micro-organisms
present in the oral cavity and adherent to the
tooth surface. This leads to exposure of the un-
derlying dentin to the oral environment and to
its destruction by bacterial proteolytic enzymes.
Enamel caries will not be visible in routinely pre-
pared histologic sections as this tissue dissolves
completely during decalcification. In ground
sections made from undecalcified teeth, micro-
scopic examination under transmitted light will
reveal optical alterations related to decreased
mineral content of a still-intact crystalline struc-
ture. These alterations tend to occur over a cone-
shaped area having its base on the surface and
its point towards the amelo-dentinal junction
(Fig. 5.1). With increasing loss of minerals from
the enamel structure, this tissue will disintegrate.
Sometimes, this destroyed enamel will contain
so much organic material that it is still present in
decalcified sections where it is visible as a baso-
philic amorphous mass.

The initial carious lesion in dentin afflicts the
tubuli that serve asa highway for bacteria to spread
into the dentin. As the tubules of the carious den-
tin become more distended due to breakdown of
their walls by the proteolytic enzymes excreted
by the invading bacteria, they may fuse and form
spindle-shaped cavities perpendicular to the
tubules. Fusion of afflicted tubules over a longer
distance may also create spindle-shaped cavities

Fig. 5.1 Ground section showing wedge-shaped discol-
oration in enamel due to alterations in optical properties
of enamel as a result of loss of calcium while still preserv-
ing the crystalline scaffold

in the same direction as the tubuli run. Through
the continued loss of dentin between the tubules,
its inner structure crumbles away (Figs. 5.2a-d).
When caries is not halted by dental treatment,
bacteria and their toxic products will reach the
soft inner part of the tooth, the dental pulp, and
evoke an inflammatory response (pulpitis to be
discussed later on, see Sect. 7.3). Subsequently,
the pulp dies and toxic substances from the pulp
space diffuse through the apical foramen into
the adjacent periapical part of the periodontal
ligament and surrounding jaw bone. Periapical
disease will now ensue. If the root surface of a
tooth is exposed due to periodontal disease (see
Chap. 8), the root-covering caries may also be the
victim of carious decay. At this site, the bacteria
penetrate into the cementum using the collagen
fibres that once anchored the tooth in its tooth
socket as pathways.



Attrition is the gradual loss of dental hard tis-
sue as a result of chewing [5]. Therefore, it only
affects the tooth surfaces used in or shearing
against each other during mastication: incisal for
incisors and cuspids, occlusal for premolars and
molars, and approximal (surfaces where adjacent
teeth touch each other). When the enamel cap is
worn away, the underlying dentin becomes ex-
posed. Usually this shows a dark-brown discolor-
ation (Fig. 5.3). The dental pulp compensates for
the loss of dental hard tissues by the deposition of
secondary dentin.

5.3 Abrasion

Abrasion is due to wearing away of dental hard
tissue by causes other than mastication [5]. It

Fig. 5.2a-d Caries-induced alterations in dentin and
dental pulp. a Low power view showing area of discolor-
ation and disintegration. b Higher magnification show-
ing also deposition of reparative dentin in the dental
pulp. ¢ Area of disintegration and dentin tubuli filled
with bacteria extending towards the dental pulp. d In
more advanced disintegration, transverse splits connect
the widened tubuli

Fig. 5.3 Attrition: mandibular incisor teeth with enamel
worn away thus exposing the brown discolored dentin

may be due to improper use of the dentition such
as holding items between the teeth such as pipes,
hairpins, or other objects. The most common
cause of abrasion is too vigorous toothbrushing
that may cause defects at the necks of the teeth.
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Fig. 5.4 Erosion: buccal surfaces of right maxillary cus-
pid and first premolar tooth showing loss of enamel.
Both central and right lateral incisor teeth show white
areas at their labial surfaces indicating incipient decalci-
fication but still maintaining their crystalline structure

Dental erosion is defined as loss of dental hard
tissues due to chemical injuries other than those
occurring in tooth caries [5]. Excessive intake
of acid beverages or gastric reflux may cause
this type of tooth damage as any solution of low
pH may dissolve the enamel. In contrast to car-
ies, which causes subsurface demineralisation,
erosion is a surface phenomenon. The affected
teeth show smoothly outlined defects that may
involve not only enamel but also the underlying
dentin at areas where the enamel has disappeared
(Fig. 5.4).

5.5 Hypercementosis

During the lifetime of the teeth, continuous ap-
position of cementum on the root surface causes
a gradual increase of its thickness. This gradual
increase in cementum may compensate for loss
of tooth tissue at the occlusal surface due to
physiological tooth wear, thus maintaining the
length of the tooth. Sometimes, this apposition
of cementum is excessive, leading to a very thick
cementum layer. This condition is termed hyper-
cementosis (Fig. 5.5). This cementum usually is
of the acellular type although sometimes cellular
cementum resembling bone may also occur. Hy-
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Fig. 5.5 Ground section showing molar tooth with cari-
ous decay and pronounced hypercementosis. Both roots
are covered with a thick cementum layer, most pro-
nounced in the apical area

percementosis may occur without any recogni-
sable cause, but it can also be seen with chronic
periapical inflammation. Moreover, it occurs in
patients with Paget’s disease [7].

5.6 Cementicles

Within the periodontal membrane, small, spheri-
cal calcified basophilic bodies may be seen. They
may occur lying freely within the fibres of the
periodontal ligament but can also be observed
within the root-covering cementum layer or the
bone of the alveolar socket (Figs. 5.6a, b).

5.7 Secondary and Tertiary

Dentin Formation

As already briefly alluded to in Chap. 2, the bulk
of the dentin is formed prior to tooth eruption.
This is called primary dentin. Secondary dentin
is the dentin that is formed during the lifetime
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Fig. 5.6a,b Periodontal ligament space showing presence of spherical basophilic structures representing cementum
deposits, the so-called cementicles. They may lie embedded in the collagenous fibres of the periodontal ligament or
attached to or engulfed by the root cementum (a) but they can also be found more remote from the root surface sur-

rounded by cancellous bone (b)

Fig. 5.7a,b Tertiary dentin showing absence of dentin tubuli. Also the odontoblastic rim is missing in this area (a).
Sometimes, excessive deposition of tertiary dentin may wall of the dental pulp temporarily against the advancing

carious decay (b)

of the teeth, possibly due to the minor mechani-
cal and thermal injuries involved with tooth
functioning. Its amount increases with age. As it
occurs on each wall of the dental pulp, it causes
gradual decrease of the size of the pulp chamber
as well as the root canal. Secondary dentin con-
tains less tubuli than primary dentin and a ba-
sophilic demarcation line similar to the reversal
lines seen in bone usually separates the primary
from the secondary dentin.

Tertiary dentin is formed in response to heavy
pulp irritation, mostly occurring after loss of the
protecting enamel cap. It only occurs at the site
where the odontoblasts are injured. In tertiary
dentin, the dental tubuli are greatly diminished
in number and do not show the regular course
from dental pulp to dentino-enamel junction.
Sometimes, it may even contain cellular inclu-
sions (Figs. 5.7a, b). Its formation may be con-
sidered a response of the pulp to injury aimed at
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protecting itself. It may also occur in response to
the dentist’s drilling and filling.

5.8 External Resorption

The dental hard tissues may be resorbed from
their outside, in which case one speaks of exter-
nal resorption. This is a physiological event re-
sponsible for the shedding of the deciduous teeth
(Fig. 5.8) but when occurring in association with
the permanent dentition, it may cause prema-
ture loss of the involved teeth. When the resorp-
tion takes place at the walls of the dental pulp
chamber, the condition is called internal resorp-
tion. For discussion of this latter condition, see
Chap. 7 on pulpal diseases. External resorption
may occur at the surface of teeth buried in the
jaw which have not erupted. It may also occur at
the surface of erupted teeth, often as a late event
after trauma, reimplantation after traumatic evul-
sion, root fracture, local inflammation, or due to
a slowly expanding intraosseous jaw neoplasm.
When no etiologic factor can be identified, the
condition is called idiopathic. External idiopathic
root resorption can further be defined according
to the site affected as cervical, apical, or interra-
dicular [1-4, 6].

Chapter 5

Fig. 5.8 External root resorption of deciduous teeth by
underlying permanent successor. (Modified from draw-
ing by John A.M. de Groot)

In invasive cervical resorption there is progres-
sive loss of cementum and dentin in the cervical
tooth region with replacement by fibrovascular
tissue derived from the periodontal ligament,
together with deposition of cementum-like hard
tissue that may be mistaken for a fibro-osseous
lesion (Figs. 5.9a—c) [2].

Fig. 5.9a-c Photomicrograph shows two neighbouring teeth separated by interdental gingiva and bony septum.
Both teeth show cervical external resorption leading to surface defects filled with fibrous tissue. a Low power view, b

Intermediate magnification, ¢ see next page
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sue. ¢ Detail

In all cases of external resorption, the tooth is
resorbed from the outside by osteoclastic (in fact
odontoclastic) cells located in the periodontal
ligament that at first attack the root cementum
and thereafter the root dentin. It may cause com-
plete loss of the entire dentition (Figs. 5.10a, b).

When examining teeth histologically, minute
areas of root resorption subsequently repaired
by cementum deposition can often be found
(Fig. 5.11). These findings are not considered to
represent examples of external resorption. To
qualify for this diagnosis, gross defects in the root
surface should be visible either at extracted teeth
or at dental radiographs.

Fig. 5.9 (continued) Photomicrograph shows two neighbouring teeth
separated by interdental gingiva and bony septum. Both teeth show cer-
vical external resorption leading to surface defects filled with fibrous tis-

Fig. 5.10a,b Dental radiographs
showing apical resorption: a Maxil-
lary incisor teeth, b Maxillary first
premolar tooth

5.9 Tooth Fracture

Mechanical trauma may lead to fracture of the
tooth. Fractures above the level of the gingival
margin involve the tooth crown. Through the
fracture line, bacteria may easily gain access to
the inner part of the tooth and caries with con-
sequent pulpitis may ensue, thus jeopardizing the
vitality of the tooth pulp. In case of root fractures,
the fixation of the tooth in its socket may serve as
a splint. The fracture may heal by fibrous union
or by the deposition of a dentin-like material
(Figs. 5.12a, b).
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Fig. 5.11 Photomicrograph showing minute areas of resorption in the ce-
mentum layer adjacent to the dentin (lamellated basophilic) subsequently
repaired by a covering of more eosinophilic cementum

Fig. 5.12a,b Tooth fracture healed by fibrous union. a Overview showing fibrous tissue between upper and lower
root part. b Detail displaying walling off of apical pulp part by tertiary dentin and bone formation in the upper part
of the pulp and in the fibrous tissue bridging the gap between both root fragments. In the adjacent periodontal liga-
ment, cystic degeneration of an epithelial rest of Malassez is visible

5.10 Pigmentations

Pigmentations of teeth may be due to the op-
tical effect of disturbed enamel and/or dentin
formation as is the case with dentinogenesis
imperfecta, dentinal dysplasia, or enamel hypo-
calcification. It may also be due to the uptake of
colored substances in defective enamel as is the
case in amelogenesis imperfecta. Illustrations
of these types of discoloration can be found
in Chap. 4. It may also occur through color-
ing agents taken up by tooth formation [8-10].
From this latter group, tetracyclin is a promi-

nent member and this topic will be discussed
more extensively.

5.10.1 Tetracyclin Discoloration

Through binding to calcium, tetracyclin is de-
posited together with calcium in any tissue un-
dergoing mineralisation. After its incorporation
during mineralisation, it can be demonstrated in
teeth and bones in ultraviolet light, showing up
as fluorescent yellow bands. Grossly, tetracyclin
causes a greyish-black discoloration of the tooth
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Fig. 5.13a-c Tetracyclin discoloration; a Outer view showing grey discoloration of crown and yellow discoloration
of upper part of the root. b Cut surface showing the band-like appearance of the discoloration indicating several
administrations of the drug. ¢ Ground section also illustrating the band-like discolorations in the enamel and a tiny

yellow line in the dentin

crown (Figs. 5.13a-c). When making ground sec-
tions of these teeth, the tetracyclin bands can be
observed under UV light illumination both in
dentin as well as in enamel, each band indicat-
ing a time point of tetracyclin administration.
After decalcification the tetracyclin has been lost
together with the calcium and therefore, in de-
calcified paraffin sections, this fluorescence is not
present anymore.
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Tooth eruption comprises the movement of teeth
through the soft tissues of the jaw and the overly-
ing mucosa into the oral cavity (Fig. 6.1) [1]. The
involved biological processes are not yet entirely
elucidated, but the importance of the dental fol-
licle has been established beyond doubt. Teeth
may erupt too early, too late, not in the proper
position, or not at all. In the latter event, one
speaks of impaction. This is most often seen in
lower 3rd molar teeth.

6.1 Ankylosis

Ankylosis represents fusion of either enamel,
dentin, or root cementum with adjacent alveolar
bone (Figs. 6.2a—c). It may occur in impacted as
well as in normally erupted teeth. It may be the

Disturbed Tooth Eruption

result of any condition in which the vitality of the
normally present intervening periodontal liga-
ment has been jeopardized. Sometimes, ankylo-
sis occurs in combination with external resorp-
tion. The role of the epithelial rests of Malassez in
preventing ankylosis has already been mentioned
before (see Chap. 1).

6.2 Premature Eruption

Both deciduous as well as permanent teeth may
erupt into the oral cavity at a too-early age. Be-
cause the roots are not yet well developed at that
time, the fixation of the tooth in the jaw may be
compromised and the subsequent root develop-
ment may be disturbed, resulting in teeth with
malformed and/or too-short roots.

Fig. 6.1 Schematic drawing showing movement of tooth germ through oral epithelium during successive stages of

eruption



Fig. 6.2 Continuity between root surface covering cementum and bone of the alveolar socket displayed in low (a),
intermediate (b), and higher power (c) view

Fig. 6.3a,b Premature eruption of teeth in Hallermann Streiff syndrome. a Incisor tooth piercing through the oral
mucosa. b Molar tooth still covered by soft tissues for the major part. Both teeth lack a properly formed rooth, only
connected to the jaw bone by a fibrous stalk
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Sometimes, the teeth exfoliate spontaneously
due to lack of a well-formed root and periodontal
ligament. Premature eruption may occur as one
of the abnormalities of the Hallermann-Streift
syndrome (Figs. 6.3a, b) [2].

Within the differential diagnosis of sponta-
neously exfoliating teeth, one should discern
between loss of tooth fixation due to external
resorption or to root maldevelopment. In the
former case, histologic examination shows an
irregular outer tooth surface with Hownship’s
lacunae while in the latter, poorly deformed den-
tin containing cellular inclusions may be found.
Root maldevelopment not only occurs in case of
premature eruption but also in various forms of
inherited disorders of dentin formation already
mentioned (see Sect. 4.2).

6.3 Local Conditions Causing
Disturbed Eruption

Teeth may erupt at the wrong place or not at all if
local conditions interfere with the eruption path-

Chapter 6

way. Usually, these are diseases of the jaw bone or
the overlying soft tissues. Also, odontogenic tu-
mours arising around the crown area of a devel-
oping teeth may hinder proper eruption. Quite
often, the failure of a tooth to erupt will be the
first sign of such a jaw tumour.

Eruption of a tooth in an aberrant position
more often is due to jaw lesions lying adjacent
to the developing roots than to obstacles in the
eruption pathway. Description of the various jaw
conditions that may interfere with tooth eruption
can be found in textbooks on oral or head and
neck pathology.
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Pulpal diseases may be either inflammatory or
degenerative. Very rarely, jaw tumours may grow
through the apical foramen into the pulp space
(Figs. 7.1a, b).

7.1 Pulp Stones, False
and True (Denticles)

Denticles are calcified masses in the dental pulp.
One discerns between true denticles that have tu-
bules like dentin and false denticles that have a
concentrically lamellated structure. Irrespective
of being identifiable as true or false, they may lie
free in the dental pulp, being connected with the
wall of the pulp chamber, or lie entirely within
the dentin in case of formation of excessive sec-
ondary or tertiary dentin. Depending on this
topographical relationship with the tooth, they
are classified as either free, attached, or embed-
ded (Figs. 7.2a, b).

In addition to calcifications in the form of den-
ticles, the pulp may contain diffuse calcifications,
occurring as metaplastic ossification along colla-
gen fibres or blood vessels. Through merging of
these calcifications with each other, large masses
may form (Fig. 7.3). However, they lack the inner
structure and circumscribed nature shown by the
true or false denticles.

7.2 Internal Resorption

In case of internal resorption, the dental
pulp transforms into granulation tissue with
multinucleated osteoclasts accumulating at
the pulpo-dentinal border. There, they resorb
the dentin, thus increasing the size of the pulp
chamber [1]. Simultaneously, irregular masses
of hard tissue resembling both bone and dentin
may be formed haphazardly in the enlarged
pulp chamber, partly onto the pulp wall, but also

Fig. 7.1 Squamous cell carcinoma
invading the tooth pulp through
the apical foramen shown in low

(a) and higher (b) magnification



Fig. 7.2a,b The pulp may contain calcified aggregates representing poorly structured dentin. These denticles may lie
free in the pulp (a) or attached to the pulp wall (b). In b is also shown that they may cause subtotal pulp obliteration.
As these masses do not display regularly arranged dentin tubuli, they should be classified as false denticles

Fig. 7.3 The pulp may also contain amorphous calcified
deposits. These are not real denticles

free (Figs. 7.4a—c). Functionally, this hard tissue
deposition doesnothaveanyreparative properties.
After resorption of a sufficient amount of dentin,
the highly vascularised granulation tissue may be
seen through the remaining translucent enamel
as a pink spot.

Internal resorption may be seen as a sequel
to dental trauma with intrapulpal hemorrhage.
It may also result from chronic inflammation of
the pulp.

3 Pulpitis

ostly, pulpitis is due to caries, disappearance of
e protective barrier of enamel and dentin al-
ing bacteria to reach the dental pulp. Rarely,
s due to thermal or mechanical trauma, either
ntaneously occurring or due to dental treat-
ent. Due to its distinctive anatomical position
hin the tooth, the chances of the pulp over-
ming a bacterial infection are few. Oedema in-
variably connected with inflammation will com-
press capillaries and veins, thus compromising
the blood supply of the pulp. Therefore, pulpitis
usually results in pulp necrosis with periapical
disease as an outcome. A brief description of this
latter condition will follow in Sect. 7.3.1.
Histologically, pulpitis does not show any dif-
ferences from inflammatory infiltrates found
elsewhere in the body (Fig. 7.5). It may be classi-
fied as either acute, subacute, or chronic depend-
ing on the composition of the inflammatory infil-
trate. Sometimes, abscess formation may occur.
The odontoblasts that line the pulp chamber have
usually disappeared. Areas of tertiary dentin may
still be observed as a consequence of their past
activities to wall off the pulp against the carious
attack. Only in very mild inflammatory changes,
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Fig. 7.4a-c In case of internal resorp- y \
tion the tooth is hollowed out by \‘
growth of fibrous tissue in which bone %
is deposited. a Overview, b Detail to !
show bone deposited onto remnants of
dentin, ¢ High power view to show the
differences between tubular dentin and ) 3
bone with cellular inclusions ; :

%

Fig. 7.5 Photomicrograph showing pulp tissue densely infiltrated
by inflammatory cells. Pulp walls show covering with tertiary dentin
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the odontoblastic layer lining the pulpal wall
may be preserved, in that case, however, usually
showing discontinuities and displacement of nu-
clei into the adjacent dentinal tubuli. Underlying
capillaries may show some dilatation.

7.3.1 Periapical Disease

Triggered by bacteria or their toxic products that
diffuse through the apical foramen, the periapi-
cal tissues respond by chronic inflammation and
bone resorption. In this way, a cavity is formed
lying adjacent (Figs. 7.6a, b) to the root tip and
filled with granulation tissue, the so-called apical
granuloma. Also, cell rests of Malassez lying in
or in the vicinity of the periapical area may show
reactive proliferation leading to the formation of
a cystic cavity, the radicular cyst. When the nox-
ious stimulus is removed by cleaning and filling
the pulpal space, the inflammation may subside
and complete healing can occur. Sometimes how-
ever, the granulation tissue is not replaced by new
periapical bone but by fibrosis; in such instances
a periapical scar is formed.

Usually, itis only the jaw bone thatisresorbed in
case of periapical disease, the root of the tooth be-
ingmoreresistent. That does not mean that roots of

the teeth areimmune to resorption. This condition
has already been described before (see Sect. 5.8).

7.4 Pulp Polyp

Usually, inflammation of the pulp results in pulp
necrosis as inflammatory alterations with their
inherent oedema lead to increased tissue pres-
sure in the pulp chamber reducing its blood
supply. Only in situations where pulp tissue is
not enclosed by the walls of the pulp chamber
at each side, may inflamed pulp tissue transform
into granulation tissue that protrudes into the
oral cavity. This can only occur when large areas
of dentin are lost due to caries. Sometimes these
pulpal polyps may be partly covered by squamous
epithelium, possibly due to the settling of viable
squamous cells that are scraped off from the ad-
jacent buccal epithelium by the sharp edges of
the tooth cavity from which the polyp protrudes
(Figs. 7.7a, b).
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Fig. 7.6 Photomicrograph show-
ing periapical granuloma (a). In
higher magnification (b), slight
external resorption of the root tip
is shown



Disorders of the Dental Pulp Chapter 7

Fig. 7.7 a Cut surface showing soft tissue mass protruding from pulp cavity. b Histology shows granulation tissue
covered with squamous epithelium
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Disorders of the periodontal tissues can be divided
into diseases of the marginal gingiva proper and
those also involving the underlying bone of the
alveolar socket. Gingival diseases may be either
hyperplastic or inflammatory. Periodontal dis-
ease is characterised by inflammation and break-
down of bone. Osseous dysplasia may be consid-
ered as a hamartoma of the periodontal tissues
being composed of connective tissue, bone, and
cementum. Many systemic disorders may impact
the periodontal tissues [1]. Most of them do not
result in histologic alterations that differ from the
common inflammatory changes, excluding a few
such as haematological malignancies, amyloido-
sis, and Ehlers-Danlos syndrome [2].

8.1 Gingival Inflammation

Gingival inflammation usually is caused by accu-
mulation of bacterial plaque at the adjacent tooth

surface. This plaque may be seen in histologic
sections as a deep-blue mass lying at the surface
of the tooth. Toxins of these bacteria as well as
enzymes from the attracted neutrophils cause
damage to the junctional epithelium that loses its
fixation to the tooth. In this way, a niche is created
between gingiva and tooth in which further
plaque accumulation may occur. The thin layer
of junctional epithelium becomes spongiotic and
hyperplastic and may even disappear, resulting
in ulceration. Also, elongated rete ridges develop
that penetrate into the underlying fibrous tissue
forming the bulk of the free gingiva. In this con-
nective tissue, an inflammatory infiltrate evolves
that may be either acute, subacute, or chronic
(Figs. 8.1a, b). In due time, the inflammation in-
volves the underlying periodontal bone that will
be resorbed, thus causing loss of the fixation of
the tooth in the jaw bone. At this stage, gingivitis
has evolved into periodontitis, which is discussed
in Sect. 8.3.

Fig. 8.1 Healthy gingival attach-
ment (a) compared with gingival
inflammation (b). In the normal
situation, the junctional epithe-
lium is only a thin cell layer with
some rete ridges extending into
the underlying gingival fibrous
tissue. In case of gingivitis, the
epithelium becomes spongiotic
and hyperplastic and the underly-
ing stroma is densely infiltrated
with lymphocytes and plasmacells
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8.2 Gingival Hyperplasia

Gingival hyperplasia may be generalised, in which
case one speaks of gingival fibromatosis (Fig. 8.2).
It may also occur confined to a limited area of the
jaw; then it is called an epulis fibrosa (Fig. 8.3).
In both cases, there is an increase in collagenous
tissue with a varying cellularity. Due to the swell-
ing of the gingival tissues, tooth cleaning is ham-
pered. Consequently, bacterial plaque accumu-
lates in the cleft between the tooth surface and
the swollen gingival tissue. Therefore, the tissue

Fig. 8.2 Generalised gingival fibrous hyperplasia. The
teeth are almost buried by the massive fibrous gingival
thickening

facing the tooth surface usually shows reactive
hyperplasia or even ulceration of the covering
squamous epithelium, whereas the underlying
stroma harbours an inflammatory infiltrate that
may be either acute, subacute, or chronic. In fi-
brous epulides, the inflammatory alterations may
sometimes be so extensive that the entire lesion is
transformed into a lump of granulation tissue. In
that case, the term epulis granulomatosa is used.
Also, mineralised material resembling bone and
cementum may be found in these fibrous epuli-
des as well as nests and strands of odontogenic
epithelium derived from the dental lamina.

Fig. 8.3 Localised gingival fibrous hyperplasia. The le-
sion has caused displacement of the adjacent teeth

Fig. 8.4 a Detachment of gingiva from
tooth surface and downward displace-
ment of epithelial attachment (plaque
accumulation in green). b Photomi-
crograph of interdental gingiva that
has moved apically to leave the root
cementum on both bordering teeth
exposed to the oral cavity
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8.3 Periodontitis

Periodontitis is the common sequel to chronic
gingivitis and is recognised histologically by evi-
dence of damage to the alveolar bone, associated
with signs of chronic inflammation. The bone of
the alveolar crest shows resorption as demon-
strated by the presence of Hownship’s lacunae
sometimes still containing multinucleated osteo-
clasts. The epithelial attachment that normally
lies in contact with the tooth enamel has moved
downwards to be partly opposite the enamel and
the root cementum or even entirely opposite the
root cementum (Figs. 8.4a,b). Resorption of bone
and downward displacement of the epithelial at-
tachment may continue until there is insufficient
periodontal tissue left for adequate fixation of the
tooth in the jaw. Caries may add to the damage
caused by periodontitis by attacking the cemen-
tum covering the exposed root surface.

8.4 Osseous Dysplasia

Osseous dysplasia represents a pathologic pro-
cess of unknown etiology located in the tooth-
bearing jaw areas in the immediate vicinity of the
tooth apices and is thought to arise as the result
of a proliferation of periodontal ligament fibro-
blasts that may deposit bone as well as cementum
(Fig. 8.5). The condition occurs in various clini-
cal forms that bear different names. However, all
have the same histomorphology: cellular fibrous
tissue, trabeculae of woven as well as lamellar
bone, and spherules of cementum-like material.
The ratio of fibrous tissue to mineralised mate-
rial may vary and it has been shown that these le-
sions are initially fibroblastic, but over the course
of several years may show increasing degrees of
calcification. This variation in ratio of soft tissue
to hard tissue is reflected in the radiographic ap-
pearance; lesions in the tooth-bearing jaw area
may be either predominantly radiolucent, pre-
dominantly radiodense, or mixed.

Osseous dysplasia lacks encapsulation or de-
marcation but tends to merge with the adjacent
cortical or medullary bone.

Chapter 8

The several subtypes of osseous dysplasia
are distinguished by clinical and radiological
features. When occuring in the anterior man-
dible and involving only a few adjacent teeth, it
is called periapical osseous dysplasia. A similar
limited lesion occurring in a posterior jaw quad-
rant is known as focal cemento-osseous dysplasia.
Lesions occuring bilaterally in the mandible or
even involving all four jaw quadrants, are known
as florid osseous dysplasia and familial giganti-
form cementoma. The former is nonexpansile,
involves two or more jaw quadrants, and occurs
in middle-aged black females. The latter is ex-
pansile, involves multiple quadrants, and occurs
at a young age. This type of osseous dysplasia
shows an autosomal dominant inheritance with
variable expression but sporadic cases without a
history of familial involvement have also been
reported. More extensive discussion of osseous
dysplasia and its relationship with other bone-
forming jaw lesions can be found in current text-
books on head and neck pathology [3].

Fig. 8.5 Osseous dysplasia: hard tissue with histomor-
phology intermediate between bone and cementum in-
terposed between root surface and jaw bone and causing
widening of the periodontal ligament space
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| Chaptero
Odontogenic Cysts

Cysts of the jaws are classified in several cat-
egories depending on histogenesis and etiology.
Those that arise from odontogenic epithelium are
called odontogenic; those that have their source
in other epithelial structures are known as non-
odontogenic [20]. The latter will not be discussed
here. Within the odontogenic cysts, one discerns
between developmental and inflammatory.

9.1 Odontogenic Cysts—
Inflammatory

9.1.1 Radicular Cyst

Radicular cysts are located at the root tips of teeth
in which the pulp has become necrotic, mostly

due to advanced tooth caries (Figs. 9.1, 9.2). They
arise from the epithelial rests of Malassez and de-
velop when pulpal inflammation has led to to the
formation of a periapical granuloma. Remnants
of Hertwig’s epithelial root sheath lying within
this granuloma may proliferate due to the inflam-
matory stimulus and through subsequent lique-
faction necrosis in the center of these enlarged
epithelial nests, a fluid-filled cyst with an epithe-
lial lining forms (Figs. 9.3a, b).

Radicular cysts are lined by nonkeratinising
squamous epithelium. This epithelial lining may
be thin and atrophic but, especially in case of in-
flammatory changes in the underlying connective
tissue, the cyst epithelium shows proliferating rete
processes that may form arcades. In many cysts,
cholesterol clefts with adjacent giant cells occur.
Within the cyst epithelium, hyaline bodies of vari-
ous size and shape may be present (Figs. 9.4a-c).

Fig. 9.1 Anatomical relationship between cysts and
teeth. From left to right: dentigerous cyst surrounding
crown of unerupted molar tooth, lateral periodontal cyst
lying between roots of healthy teeth and radicular cyst
at the root tip of a tooth with carious decay. (From [20]
with permission)

Fig. 9.2 Radicular cyst. Thick-walled cyst at the apex of
a bisected tooth



Fig. 9.3a,b Initial stage of radicular cyst. Epithelial proliferation in periapical abscess. a Overview with root surface
at left side. b Higher magnification to show epithelial nest embedded in infiltrate of neutrophilic granulocytes

Fig. 9.4a-c Various appearances of Rushton bodies in
epithelial lining of radicular cysts. a Rod-like, b, ¢ More
or less organised concentrically lamellated bodies

The specific nature of these so-called Rushton
bodies is unclear [13]. Occasionally, the lining
squamous cells are admixed with mucous cells or
ciliated cells. Sometimes, the histologic pattern
of the radicular cyst is complicated by extensive
intramural proliferation of squamous epithelial
nests of varying size, thus mimicking a squamous
odontogenic tumour (Figs. 9.5a, b) [23] (see
Sect. 10.1.4.).

The histologic appearance of the radicular cyst
is rather unspecific. The same pattern may ap-
pear with other jaw cysts, especially the dentiger-
ous cyst, in particular when the picture is domi-
nated by inflammatory changes, thus obscuring
the more specific features of the other cyst types.
However, the clinical presentation, location at the
root tip of a nonvital tooth, leaves little room for
other diagnostic possibilities.
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Fig. 9.5a,b Intramural epithelial proliferation in wall of radicular cyst. a Overview and b Detail. This may mimic

squamous odontogenic tumour

When complicated by inflammation, radicular
cysts may be characterised by pain and swelling.
However, they may also be asymptomatic and
only detected by radiographic examination of the
dentition. In those cases, one sees a radiolucency
at the root tip of a tooth. In case of additional
lateral root foramina, the cyst may also lie in a
lateral position. Tooth extraction or apical resec-
tion with curettage of the periapex usually is
adequate treatment.

9.1.2 Residual Cyst

A residual cyst is nothing else than a radicular
cyst that is retained in the jaws after removal of
the associated tooth. Mostly, the inflammatory
alterations and the ensuing epithelial prolifera-
tion are less prominent than in the radicular cyst.
There are no other specific items different from
the radicular cyst that would justify extensive
separate discussion of this cyst type.

9.1.3 Paradental Cyst

Paradental cysts are located at the lateral side of
the tooth at the border between enamel and root
cementum (Fig. 9.6). They are secondary to an
inflammatory process in the adjacent periodontal
tissues that induces proliferation of neighbouring

odontogenic epithelial rests, similar to the patho-
genesis of the radicular cyst [10]. Histologically,
they resemble the other inflammatory odonto-
genic cysts, the distinction being made by their
specific clinical presentation and the vitality of the
involved tooth. They are rare lesions, accounting
for less than 3% in major series [18]. Treatment
consists of excision with or without concomitant
extraction of the involved tooth [4, 17].

Fig. 9.6 Gross appearance of paradental cyst. Cystic
cavity lying lateral to root surface
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9.2 Odontogenic Cysts—
Developmental

9.2.1 Dentigerous Cyst

A dentigerous cyst (synonymous term follicular
cyst) is a cyst that surrounds the crown of an
unerupted tooth and is attached to the neck of
this tooth (Fig. 9.7).

Dentigerous cysts are quite common. In larger
series [18], they comprise almost 17% of all cases,

Fig. 9.7 Radiograph show-
ing dentigerous cyst. In the
right mandible, an impacted
tooth can be seen to be
surrounded by a unilocular
radiolucency

only surpassed by radicular cysts. In most in-
stances, they are associated with the maxillary
canine or the mandibular third molar tooth.
Dentigerous cysts probably develop by ac-
cumulation of fluid between the reduced enamel
epithelium and the crown surface or between the
layersoftheenamelepitheliumitself[9]. Therefore,
in contrast with the inflammatory cysts, no epi-
thelial proliferation is needed to form this cyst.
When removed in toto, one sees a bag from
which the root part of the involved tooth pro-
trudes (Fig. 9.8). Opening of the bag discloses
the crown of the tooth, the cyst bag forming a

Fig. 9.8 Gross appearance of dentigerous cyst:
tooth crown surrounded by thin-walled cyst that
is attached to the neck of the involved tooth
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Fig. 9.9a-d Various appearances of epithelial lining in dentigerous cysts. a Most simple pattern consisting of two-
layered cuboidal epithelium. b Cuboidal cells with interspersed columnar cells reminiscent of the columnar cells of
the inner enamel epithelium. ¢ Nonkeratinised squamous epithelium usually occurring if there is an inflammatory
infiltrate in the underlying stroma. d Mucous cells lying between squamous cells

collar at the neck of the tooth. Usually, however,
the tooth is separated from the soft tissue during
the surgical removal and then no specific macro-
scopic features can be recognised.

Histologically, the cyst wall has a thin epithe-
lial lining that may be only two to three cells thick
and which resembles the reduced enamel epithe-
lium (Fig. 9.9a). Sometimes, the original colum-
nar shape of the cells of the inner enamel epithe-
lium can still be recognised (Fig. 9.9b). In case of
inflammation, the epithelium becomes thicker
and will show features similar to the lining of a
radicular cyst (Fig. 9.9¢). Also, mucus-producing
cells as well as ciliated cells may be observed
(Fig. 9.9d). The connective tissue component of
the cyst wall may be fibrous or fibromyxomatous.
The cyst wall may also contain varying amounts
of epithelial nests representing remnants of the
dental lamina. If the relationship between in-
volved tooth and cyst bag is uncompromised, the

cyst wall can be seen to be attached to the tooth
surface at the level of the cemento-enamel junc-
tion (Fig. 9.10).

Fig. 9.10 Dentigerous cyst wall attached to the root
surface at the level of the cemento-enamel junction (left

side)
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Radiologically, many jaw diseases associated
with unerupted teeth may show an appearance
similar the one shown by a dentigerous cyst. His-
tologic examination, however, will be decisive
in ruling out these possibilities among which
keratocystic odontogenic tumour and unicystic
ameloblastoma (see Sects. 10.1.1, 10.1.5) are the
most prevalent. Moreover, the radiologic picture
of the dentigerous cyst may be mimicked by hy-
perplasia of the dental follicle, the connective tis-
sue capsule that surrounds the unerupted tooth.
This diagnostic dilemma can only be solved by
surgery, in which case encountering either a
cystic cavity or a soft tissue mass will reveal the
real nature of the radiolucency surrounding the
crown of the unerupted tooth [2].

Fibromyxomatous areas in the connective tis-
sue wall of the dentigerous cyst may resemble
odontogenic myxoma (see Sect.10.2.1). Pres-
ence of odontogenic epithelial rests may lead to
the erroneous diagnosis of one or another type
of epithelial odontogenic tumour [8]. However,
identification of the epithelial cyst lining will rule
out these alternatives and lead to the appropriate
diagnosis.

In case of excessive inflammatory changes, the
histologic appearance of the dentigerous cyst is
similar to the radicular cyst. Then only clinical
information about the relationship between cyst
and involved tooth and radiological appearance
will enable the correct diagnosis: a radiolucent le-

sion surrounding the crown of an impacted tooth
in case of a dentigerous cyst and a radiolucency
at the root tip of an erupted nonvital tooth in case
of a radicular cyst.

In most instances, dentigerous cysts will be
a fortuitous finding on oral radiographs. Only
when excessively large, may they cause swelling of
the involved part of the jaw. In case of inflamma-
tion, pain and swelling will draw attention to the
underlying cause. Removal of the cyst wall and
the involved tooth will yield a permanent cure.

The eruption cyst is a specific type of dentiger-
ous cyst located in the gingival soft tissues over-
lying the crown of an erupting tooth. Clinically,
they appear as blue-stained blisters of the oral
mucosa, the blood-stained cyst content being vis-
ible through the thin membrane separating cyst
content from oral cavity (Fig. 9.11). Mostly, these
cysts are short-lived, rupturing with progressive
eruption of the associated tooth. Histologically,
these cysts are lined by squamous epithelium that
is thickened due to inflammatory changes in the
underlying connective tissue and thus similar to
the lining of a radicular cyst.

9.2.2 Lateral Periodontal Cyst

Lateral periodontal cysts occur at the lateral as-
pect or between the roots of vital teeth. They arise

Fig. 9.11 Eruption cyst shimmering blue through its
thin covering membrane

Fig. 9.12 Lateral periodontal cyst showing cuboidal epi-
thelium thickening to form a plaque composed of clear
cells
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from odontogenic epithelial remnants: fragments
of the dental lamina, reduced enamel epithelium,
or rests of Malassez [21]. Inflammation does not
play a role in their development.

The cyst is lined by a thin, nonkeratinising
squamous or cuboidal epithelium with a thick-
ness varying from one to five cell layers. Its most
typical feature are focal, plaque-like thickenings
that consist of clear cells that may contain glyco-
gen (Fig. 9.12) [19]. The underlying connective
tissue does not show prominent inflammatory
changes.

The lateral periodontal cyst may be confused
with other cysts that may lie lateral to the root of
the tooth. The most important of them is a radic-
ular cyst not occurring at the root tip but at the
opening of an accessory canal. However, in case
of lateral periodontal cysts, the involved tooth is
vital and in case of radicular cysts by definition
not. Moreover, acknowledging the specific histol-
ogy of the lateral periodontal cyst will allow sepa-
ration from the radicular cyst. The same histology
serves to distinguish the lateral periodontal cyst
from other cystic or solid lesions that may mani-
fest themselves as paradental radiolucencies.

Lateral periodontal cysts do not cause any
symptoms. They are fortuitous findings on radio-
graphs where they present themselves as a well-
demarcated radiolucency on the lateral surface
of a tooth root. Simple enucleation is adequate
treatment.

Chapter 9

9.2.3 Botryoid Odontogenic Cyst

The botryoid odontogenic cyst represents a mul-
tilocular form of the lateral periodontal cyst with
the same clinical and histologic appearance. Only
a limited number of cases of this entity have been
reported [7]. Treatment by curettage is the most
appropriate treatment but recurrences may oc-
cur, sometimes after a long time interval [6].

9.2.4 Glandular Odontogenic Cyst

Glandular odontogenic cyst, also called sialo-
odontogenic cyst, represents a cystic lesion that
is characterised by an epithelial lining with cu-
boidal or columnar cells both at the surface and
lining crypts or cyst-like spaces within the thick-
ness of the epithelium [9, 16].

The lesion is very rare, accounting for only
0.04% in a large series of jaw cysts [3].

The lining epithelium partly consists of
nonkeratinising squamous epithelium of vary-
ing thickness with focal thickenings similar to
the plaques in the lateral periodontal cyst and
the botryoid odontogenic cyst. This stratified
epithelium may have a surface layer of eosino-
philic cuboidal or columnar cells that can have
cilia and sometimes form papillary projections.

Fig. 9.13a,b Sialo-odontogenic cyst. a Overview showing epithelial lining containing ductal lumina. b Higher magni-
fication to show some whorling of the epithelium and the low columnar nature of the most superficial epithelial
layer
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Fig. 9.14a,b Gingival cyst. a Low power view to show relationship between cyst lumen and overlying oral mucosal
lining. b Cyst lining increasing in size and forming a plaque consisting of clear cells similar to those in the lateral
periodontal cyst

Some of these superficial cells may assume
an apocrine appearance with cytoplasmic
fragments budding off into the cyst lumen.
Also, mucus-producing cells may be present,
either at the epithelial surface or as clusters
within the epithelial lining. Focally, the epithe-
lium shows areas of increased thickness in which
glandular spaces form which may be lined by the
various above mentioned cell types (Figs. 9.13a,b).
Focally, the epithelial cells may be arranged into
spherical structures with a whorled appearance.

Mucous cells and cuboidal cells with cilia may
occur in many other jaw cysts, in particular in
the dentigerous cyst. Therefore, in the absence
of the other histologic features, their mere pres-
ence should not lead to the diagnosis of glandular
odontogenic cyst.

Mucoepidermoid carcinoma is the major al-
ternative that should be considered. The combi-
nation of nonkeratinising squamous epithelium
and mucus-producing cells also characterises
this salivary gland neoplasm that may occur in-
traosseously [11, 22]. However, epithelial plaques
consisting of clear cells are not a feature of this
latter lesion. When they are not found, it may be
impossible to make the distinction.

The glandular odontogenic cyst most com-
monly affects the body of the mandible and the
most prominent symptom is painless swelling.
Treatment may be conservative but recurrence
may occur [5].

9.2.5 Primordial Cyst

Primordial cysts are ill-defined lesions. Initially,
the term was used for cystic lesions that were
thought to arise through cystic degeneration of
the very immature enamel organ, and thus re-
placing a tooth. Later, the term was also employed
to define the lesion formerly called odontogenic
keratocyst but currently known as keratocystic
odontogenic tumour [15] (see Sect. 10.1.5).

9.2.6 Gingival Cyst

Gingival cysts are divided in those occurring in
adults and in infants. Both, as the name already
implies, are located in the gingival tissues. Gin-
gival cysts of adults are rarely larger than 1 cm.
They may be multiple. Possibly they arise from
dental lamina rests. Histologically, they are lined
by thin epithelium of one to three cell layers. This
epithelium may also be thicker and exhibiting
keratinisation. Plaques similar to those occur-
ring in the lateral periodontal cyst may be seen
(Figs. 9.14a, b) [14]. Possibly, both lesions are the
same, only differing in location.

Gingival cysts of infants occur either as sin-
gle or multiple cysts on the edentulous alveolar
ridge of the newborn infant. When occurring at
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the midpalatal raphe, they are known as palatal
cysts of infants. These tiny lesions, usually not
larger than 3 mm, arise from dental lamina rests
and disappear spontaneously within a short time.
Histologically, they resemble epidermoid cysts
[1, 12]. Historically, Epstein’s pearls and Bohn’s
nodules are terms that have been used for these
lesions.
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Odontogenic tumours are comprised of a group
of lesions which have in common the fact that
they arise from the odontogenic tissue. They de-
velop from the epithelial part of the tooth germ,
the ectomesenchymal part, or from both. Their
behaviour varies from frankly neoplastic, includ-
ing metastatic potential, to nonneoplastic hamar-
tomatous. Some of them may recapitulate normal
tooth development, including the formation of
dental hard tissues such as enamel, dentin, and
cementum [9, 10, 15].

10.1 Epithelial

Epithelial odontogenic tumours are supposed to
be derived from odontogenic epithelium: dental
lamina, enamel organ, and Hertwig’s root sheath.
As there is no contribution, either proliferative or
inductive, from the odontogenic mesenchyme,
these lesions do not contain dental hard tissues
or myxoid tissue resembling the dental papilla.

10.1.1 Ameloblastoma

Ameloblastomas closely resemble the epithelial
part of the tooth germ. They behave aggressively
locally, but do not metastasise. It is the most com-
mon odontogenic tumour (Fig. 10.1a) [2, 12].
Ameloblastomas consist of either anastomos-
ing epithelial strands and fields or discrete epithe-
lial islands. The former pattern is called the plexi-
form type, the other the follicular (Figs. 10.1b, ¢).
Both may occur within one and the same lesion.
The peripheral cells at the border with the ad-
jacent fibrous stroma are columnar, with nuclei
usually in the apical half of the cell body away
from the basement membrane. The cells lying

1

Fig. 10.1 a Cut surface showing gross appearance of am-
eloblastoma. Note destruction of jaw bone and external
resorption of the involved tooth roots. Photomicrograph
showing plexiform (b) and follicular (c) type ameloblas-
toma. Especially the epithelial nests in the follicular type
show close similarity to the enamel organ of the tooth
germ in the cap and bell stage. Compare with Fig. 1.3
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Fig.10.2 Mitotic activity in an ameloblastoma without
cytonuclear atypia. This feature should not be interpret-
ed to indicate malignancy

more centrally are fusiform to polyhedral and
loosely connected to each other through cytoplas-
mic extensions. At the periphery of the lesion, the
tumour infiltrates into the adjacent cancellous
bone. The lower cortical border of the mandible
and the periosteal layer usually expand, but will
not be perforated, the periosteum in particular
forming a barrier [11]. Spread into soft tissues is
highly unusual; a tumour combining this feature
with an ameloblastic appearance probably is an
ameloblastic carcinoma (see Sect. 10.4.2). Mitotic
figures may occur within the peripheral colum-
nar as well as in the stellate reticulum-like cells
(Fig. 10.2). In the absence of cytonuclear atypia
and with a normal configuration, they are with-
out prognostic significance.

Acanthomatous and granular cell type am-
eloblastoma are variants of follicular ameloblas-
toma with squamous metaplasia and granular
cells, respectively. If keratinisation is abundant,
leading to large cavities filled with keratin, le-
sions are called keratoameloblastoma. In these
tumours, acantholysis may lead to a pseudopap-
illary lining that characterises the variant called
papilliferous keratoameloblastoma. The basal cell
(basaloid) ameloblastoma is composed of nests
of basaloid cells with a peripheral rim of cuboi-
dal cells and does not display a well-developed,
loose oedematous centre. Desmoplastic amelo-
blastoma shows a dense collagenous stroma, the
epithelial component being reduced to narrow,
compressed strands of epithelium. When these
strands broaden to form larger islands, a pe-

Fig.10.3 In desmoplastic ameloblastoma, the resem-
blance to the enamel organ is less obvious

ripheral rim of dark staining cuboidal cells and
a compact centre in which spindle-shaped epi-
thelial cells assume a whorling pattern may be
discerned (Fig. 10.3). Within the stromal com-
ponent, active bone formation can be observed.
Unicystic ameloblastoma represents a cyst that
is lined by ameloblastomatous epithelium [12].
This epithelium may proliferate to form intralu-
minal nodules with the architecture of plexiform
ameloblastoma. Downward proliferation of this
epithelium may lead to infiltration of the fibrous
cyst wall by ameloblastoma nests. Sometimes, the
cyst lining itself lacks any features indicative of
ameloblastoma, these being confined to intramu-
ral epithelial nests [12]. Inflammatory alterations
may obscure the specific histologic details to such
an extent that none are left. Unicystic ameloblas-
tomas in which the ameloblastomatous epithe-
lium only lines the cystic surface can be treated
in a more limited way than those in which there
is also epithelial downgrowth into the fibrous cyst
wall. The latter have to be treated in the same way
as the conventional solid and multicystic amelo-
blastomas and require removal including a rim of
surrounding tissues.

Epithelial nestsresemblingameloblastoma may
be found in ameloblastic fibromas and calcifying
odontogenic cysts, lesions to be discussed un-
der the appropriate headings (see Sects. 10.3.1,
10.3.6). Also, epithelial nests in the dental follicle
that surrounds an impacted tooth and in the wall
of odontogenic cysts may mimic ameloblastoma
(5, 14].
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Fig. 10.4a,b Calcifiying epithelial odontogenic tumour. Nuclear pleomorphism is clearly displayed (a). Note also the
concentrically lamellated calcified particles (b)

Sometimes, ameloblastomas present them-
selves as soft tissue swellings occurring in the
tooth-bearing areas of the maxilla or mandible
without involvement of the underlying bone.
This peripheral ameloblastoma should not be
confused with intraosseous ameloblastomas that
spread from within the jaw into the overlying
gingiva.

10.1.2 Calcifying Epithelial
Odontogenic Tumour

The calcifying epithelial odontogenic tumour
consists of sheets of polygonal cells with ample
eosinophilic cytoplasm, distinct cell borders, and
very conspicuous intercellular bridges. Nuclei are
pleomorphic with prominent nucleoli; cells with
giant nuclei and multiple nuclei are also present.
Mitotic figures, however, are absent. Clear cell
differentiation may occur. The epithelial tumour
islands as well as the surrounding stroma fre-
quently contain concentrically lamellated calcifi-
cations. The stroma contains eosinophilic mate-
rial that stains like amyloid (Figs. 10.4a, b). Also
stromal deposits of bone and cementum may oc-
cur. There is no encapsulation. The tumour grows
into the cancellous spaces of the adjacent jaw
bone while causing expansion and thinning of
the cortical bone. Sometimes an impacted tooth
may be present centrally within the tumour mass
(Fig. 10.5)

10.1.3 Adenomatoid
Odontogenic Tumour

Grossly, the adenomatoid odontogenic tumour
is a cyst that embraces the crown of the involved
tooth (Fig. 10.6). The lesion consists of two dif-
ferent cell populations: spindle-shaped and co-
lumnar. The spindle-shaped cells form whorled
nodules that may contain droplets of eosinophilic
material. A lattice of thin epithelial strands usu-
ally connects these nodules to each other. The co-
lumnar cells line duct-like spaces with a lumen
either empty or containing eosinophilic material,
and may form curvilinear opposing rows with
interposed eosinophilic material (Figs. 10.7a, b).
In the stroma, there are large aggregates of eo-

Fig.10.5 Cut surface of jaw specimen with calcifying
epithelial odontogenic tumour. The tumour surrounds
an impacted tooth and is not encapsulated
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Fig.10.6 Clinical appearance of adenomatoid odon-
togenic tumour. Cystic swelling occupies the jaw area
where an incisor tooth should be present

Fig.10.7 Photomicrograph showing epithelial nests connected by epithelial strands as is typical for adenomatoid
odontogenic tumour (a). At higher magnification, the alternation of spindle-cells and lumen-lining columnar cells

can be observed (b)

sinophilic hyaline material, which is judged to be
either a dysplastic form of dentin, cementum, or
a metaplastic reaction of the stromal tissue. Also,
concentrically laminated calcified bodies similar
to those seen in calcifying epithelial odontogenic
tumours may occur. In some adenomatoid odon-
togenic tumours, areas of eosinophilic cells with
well-defined cell boundaries and prominent in-
tercellular bridges similar to those observed in
the calcifying epithelial odontogenic tumour are
seen. They do not influence the biologic behav-
iour of this tumour and are considered to be part
of its histologic spectrum.

10.1.4 Squamous Odontogenic
Tumour

Squamous odontogenic tumour is composed of is-
lands of well-differentiated squamous epithelium
surrounded by mature fibrous connective tissue.

There is no cellular atypia. There is spinous differ-
entiation with well-defined intercellular bridges,
but keratinisation is unusual. In the epithelial
islands, cystic degeneration and calcification may

Fig. 10.8 Squamous odontogenic tumour consists of
well-differentiated epithelial nests exhibiting squamous
differentiation and calcification. Peripheral palissading
indicative of ameloblastoma is lacking as is cytonuclear
atypia seen in squamous cell carcinoma
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occur (Fig. 10.8). Invasion into cancellous bone
may be present. The absence of cytonuclear atypia
rules out well-differentiated squamous cell carci-
noma and the absence of peripheral palisading of
columnar cells excludes ameloblastoma as alter-
native diagnosis. Sometimes, intramural epithe-
lial proliferation in jaw cysts may simulate squa-
mous odontogenic tumour (see Sect. 9.1.1). The
lesion may cause loosening of the teeth involved.

10.1.5 Keratocystic
Odontogenic Tumour

Keratocystic odontogenic tumour is more uni-
versally known as odontogenic keratocyst, but
has been renamed as there is sufficient evidence
that this lesion actually represents a cystic neo-
plasm [2, 12]. This lesion shows a thin connective
tissue wall lined by stratified squamous epithe-
lium with a well-defined basal layer of palisading
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columnar or cuboidal cells and with a superficial
corrugated layer of parakeratin. Mitotic figures
can be identified in parabasilar and midspinous
areas. The underlying cyst wall may contain tiny
daughter cysts and solid epithelial nests. Also,
epithelial proliferations similar to ameloblastoma
have been reported. When extensively inflamed,
thislesion loses its typical histologic features, then
only showing a nonkeratinising stratified epithe-
lium exhibiting spongiosis and elongated rete
pegs supported by a connective tissue containing
a mixed inflammatory infiltrate (Figs. 10.9a-c).
Multiple keratocystic odontogenic tumours oc-
cur within the context of the nevoid basal cell
carcinoma syndrome [4].

10.2 Mesenchymal

Mesenchymal odontogenic tumours are derived
from the ectomesenchymal part of the tissues

Fig. 10.9a-c Keratocystic
odontogenic tumour.

a Radiograph showing
extensive bone loss in left
mandible. b Slice from
same mandible as shown
in a to illustrate the way
the lesion has hollowed
out the mandible. ¢ Pho-
tomicrograph showing
cyst lining typically com-
posed of columnar basal
cells and a corrugated
parakeratinising surface
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that participate in the development of teeth and
periodontal tissues. Odontogenic epithelial rests
may be part of the histologic picture they show,
but represent only structures fortuitously en-
gulfed by tumour tissue. They have no neoplastic
or inductive potential.

10.2.1 Odontogenic Myxoma

Odontogenic myxomas consist of rather monoto-
nous cells with multipolar or bipolar slender cy-
toplasmic extensions that lie in a myxoid stroma.
Nuclei vary from round to fusiform in appear-
ance. Binucleated cells and mitotic figures are

Fig.10.10 Low (a) and
intermediate (b) power
view of myxoma. The
lesion is composed of
myxoid material engulf-
ing cancellous jaw bone

present, but scarce (Figs. 10.10a, b). Occasion-
ally, the lesion contains odontogenic epithelial
rests. They are a fortuitous finding without any
diagnostic or prognostic significance. The lesion
spreads into the jaw bone without any encapsula-
tion, thereby engulfing neighbouring cancellous
bone (Fig. 10.11).

Myxoma may be mimicked by dental follicle
and dental papilla. Both contain myxoid areas [5,
8, 14]. Dental papilla tissue can be distinguished
from myxoma by the presence of a peripheral layer
of columnar odontoblasts. For both dental pa-
pilla and dental follicle, clinical and radiographic
data are decisive in avoiding misinterpretation of
myxomatous tissue in jaw specimens: in the first
case, a tooth germ lies in the jaw area from which

Fig. 10.11 The diffuse
spread of the myxoma
in the jaw bone is
clearly displayed in the
cut surface of this gross
specimen of a maxillary
myxoma
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the submitted tissue has been taken, whereas in
the second case, the tissue sample covered the
crown area of an impacted tooth. This item will
be discussed more extensively in Chap. 11.

10.2.2 Odontogenic Fibroma

Odontogenic fibroma is a controversial entity.
Uncertainty exists about the broadness of the
histologic spectrum that these lesions may show,
and about its distinction from other fibrous jaw
lesions [2, 12]. The lesion is seen within the jaw
as well as in the gingiva (Fig. 10.12a). Odonto-
genic fibroma consists of fibroblasts lying in a
background of myxoid material intermingled
with collagen fibres that may vary from delicate
to coarse (Fig. 10.12b). Odontogenic epithelium,
either scarce or abundant, may occur. Only rarely
is the epithelial component so conspicuous that
differentiation between odontogenic fibroma and
ameloblastoma may be difficult.

This histologic spectrum may expand to in-
clude cell-rich myxoid areas, a greater epithelial
component, and varying amounts of amorphous
calcified globules or mineralised collagenous ma-
trix. Tumours with this more variegated histol-
ogy have been referred to as complex odontogenic
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fibroma or WHO-type odontogenic fibroma [2].
Odontogenic fibroma may also contain granular
cells. These lesions have been called granular cell
odontogenic fibromas or, alternatively, granular
cell ameloblastic fibromas. This tumour, how-
ever, could also represent a unique entity: central
odontogenic granular cell tumour [3].

All histologic features shown by odontogenic
fibroma mayalso be displayed by the dental follicle
[5,7]. In these cases, the radiographic appearance
of the lesion, a small radiolucent rim surround-
ing the crown of a tooth buried within the jaw,
will make the distinction (see also Chap. 11).

10.2.3 Cementoblastoma

Cementoblastomas are heavily mineralised ce-
mentum masses connected to the apical root
part of a tooth (Fig. 10.13). They are composed
of a vascular, loose-textured fibrous tissue that
surrounds coarse trabeculae of basophilic min-
eralised material bordered by plump cells with
ample cytoplasm and large but not atypical nu-
clei. Mitotic figures are rare. At the periphery, the
mineralised material may form radiating spikes.
Also, osteoclastic giant cells form part of the his-
tologic spectrum. The hard tissue component is

Fig. 10.12 a Cut surface of odontogenic fibroma situated between the roots of two adjacent teeth. It is this location

that identifies the lesion as an odontogenic fibroma and not the histology that consists of fibrous tissue without any

noteworthing features as shown in b
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connected with the root of the involved tooth,
which usually shows signs of external resorption.
The sharp border between the tubular dentin of
the root and the hard tissue component forms the
hallmark of cementoblastomas (Fig. 10.14).

Fig.10.14 Low power view of a cementoblastoma. The
cementum-like material is continuous with the tooth
roots that are partly resorbed. (From [13], with permis-
sion)

Fig. 10.13 Slices from

a maxillary cementoblas-
toma. The hard tissue mass
is connected to the roots of
several maxillary teeth that
show external resorption

Odontogenic Tumours—Mixed

Epithelial and Mesenchymal

Mixed odontogenic tumours are composed of
bothepithelial-derivedand mesenchymal-derived
tissues. These tumours recapitulate tissue prolif-
eration and differentiation as seen in the develop-
ing teeth. Deposition of the dental hard tissues—
enamel and dentin—may also occur. Lesions with
an identical histology can show neoplastic as well
as hamartomatous behaviour [2, 9, 12].

10.3.1 Ameloblastic Fibroma

Ameloblastic fibroma lacks a hard tissue compo-
nent, only displaying soft tissues similar to those
found in the immature tooth germ. The epithelial
part of ameloblastic fibroma consists of branch-
ing and anastomosing epithelial strands that
form knots of varying size. These knots have a
peripheral rim of columnar cells that embraces
a loosely arranged spindle-shaped epithelium.
These epithelial strands lie in a myxoid cell-rich
mesenchyme. The amount of epithelium may vary
among cases and regionally within an individual
case. There is no formation of dental hard tissues
(Fig. 10.15). Mitotic figures, either in epithelium
or mesenchyme, are extremely rare; when easily
found, they should raise concern about the be-
nign nature of the case. Ameloblastic fibroma
may contain granular cells. Whether these le-
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Fig.10.15 Ameloblastic fibroma recapitulates the bud
stage of the tooth germ. Epithelial strands forming buds
containing palissading cylindrical cells at their periph-
ery lie in a myxoid connective tissue similar to the mes-
enchymal cell condensation forming the presumptive
dental papilla

sions should be called granular cell ameloblastic
fibroma or granular cell odontogenic fibroma is
controversial [3].

The epithelial component of ameloblastic fi-
broma closely resembles that of ameloblastoma.
The stromal component, however, is entirely dif-
ferent: in ameloblastoma it is mature fibrous con-
nective tissue whereas in the ameloblastic fibroma
it is immature, embryonic, cell-rich myxoid tis-
sue. Areas similar to ameloblastic fibroma may
also be observed in the hyperplastic dental fol-
licle [5, 14]. The radiographic appearance makes
the distinction; a radiolucent rim surrounding
an unerupted tooth in the case of a dental follicle
and an expansive radiolucent jaw lesion in the
case of an ameloblastic fibroma.

10.3.2 Ameloblastic Fibro-Odontoma

Ameloblastic fibro-odontomas are lesions that
combine a soft tissue component, similar to am-
eloblastic fibroma, with the presence of dentin
and enamel. In rare cases, only dentin is formed;
those tumours are called ameloblastic fibro-den-
tinoma [9].

The soft tissue component is identical to that
of ameloblastic fibroma. Dentin may be formed
either as eosinophilic mineralised material con-
taining tubuli, just as in normal teeth, but it may
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also form as an homogeneous eosinophilic mass
with sparse cells included. It always lies in close
association with adjacent epithelium and forms
the scaffold for the deposition of enamel matrix
that is laid down at the border between epithe-
lium and dentin by columnar epithelial cells
that have reached their terminal differentiation
as ameloblasts. The dental hard tissues are ar-
ranged haphazardly without any reminiscence of
the orderly structure characterising normal teeth
(Fig. 10.16).

Hyperplastic dental follicles may also show fo-
cal areas with the appearance of ameloblastic fi-
bro-odontoma. Differential diagnostic consider-
ations are the same as those as already mentioned.
Ameloblastic fibro-odontomas can be distin-
guished from ameloblastomas by the presence of
cellular myxoid tissue and of dentin and enamel.

10.3.3 Odontoma—Complex Type

Complex odontomas consist of a usually well-
delineated mass of dental hard tissues in a hap-
hazard arrangement. The bulk of the lesion con-
sists of dentin recognisable by the presence of
tubuli. Enamel plays a minor role, usually con-
fined to small rims in cavities in the dentin mass
(Figs. 10.17a—e). The stroma consists of mature
fibrous connective tissue. Sometimes, odonto-
mas may contain areas identical to the calcify-
ing odontogenic cyst, including ghost cells [16].

Fig.10.16 Ameloblastic fibro-odontoma combines soft
tissue component of ameloblastic fibroma with cell dif-
ferentiation recapitulating the bell stage of the tooth
germ with formation of dentin and enamel
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Fig. 10.17a-e Complex odontoma. a Radiograph showing calcified tissue mass coronally to a tooth germ. It is
understandable that this condition will hamper normal tooth eruption. (From [13], with permission) b Cut sur-
face showing gross appearance of tooth germ surrounded by hard tissue mass. ¢ Low power view of same lesion as
shown in b. The mixture of dental hard and soft tissue is arranged haphazardly without any resemblance to a tooth.
d Micrograph showing dentin mass with cavities in which remnants of enamel matrix can be seen. e Detail from c to
show the active formation of enamel and dentin. Odontogenic soft tissues are present but to a lesser extent than in
ameloblastic fibro-odontoma
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Odontoma-like structures may also occur in the
hyperplastic dental follicle (see Chap. 11). Not
yet completely matured complex odontomas
may display the same mixture of soft and hard
odontogenic tissues as shown by ameloblastic fi-
bro-odontoma but usually, the hard tissues domi-
nate the picture in the odontoma and play only a
minor role in the ameloblastic fibro-odontoma.
Sometimes, however, the distinction may remain
a matter of personal preference due to overlap-
ping features.

10.3.4 Odontoma—Compound Type

Compound odontoma is a malformation consist-
ing of tiny teeth that may vary in number from
only a few to numerous (Fig. 10.18). These teeth
do not resemble normal teeth, but are usually
cone-shaped. Histologically, they show the nor-
mal arrangement of centrally placed fibrovascular

Fig.10.18 Compound odontoma. Radiograph showing
the admixture of structures recognisable as tiny teeth
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pulp tissue surrounded by dentin with an outer
surface covered by enamel in the crown area and
cementum in the root part.

10.3.5 Odonto-Ameloblastoma

Odonto-ameloblastoma is a very rare neoplasm
that combines the features of ameloblastoma and
odontoma, including the presence of enamel and
dentin [2].

10.3.6 Calcifying Odontogenic Cyst

In its most simple form, calcifying odontogenic
cyst is a cavity with a fibrous wall and an epi-
thelial lining. This epithelial lining closely mim-
ics that seen in unicystic ameloblastoma, but, in
addition, there are intraepithelial eosinophilic
ghost cells lacking nuclei that may undergo cal-
cification. Ghost cell masses may also herniate
through the basal lamina to reach the underlying
stroma where they can act as foreign material and
evoke a giant cell reaction (Figs. 10.19a, b). In the
fibrous stroma adjacent to the basal epithelial
cells, homogenous eosinophilic material resem-
bling dentin may be found in varying amounts.
Dentin-like material and ghost cells together may
form mixed aggregates. To this simple unicystic
structure other features may be added, thus creat-
ing different subtypes with different names.

The proliferative calcifying odontogenic cyst
shows multiple intramural daughter cysts with
an epithelial lining similar to the main cyst cav-
ity. The solid (neoplastic) calcifying odontogenic
cyst has been described by a variety of other
terms: dentinogenic ghost cell tumour, epithelial
odontogenic ghost cell tumour, calcifying ghost cell
odontogenic tumour, and cystic calcifying odon-
togenic tumour [6, 16]. This lesion combines the
morphology of an ameloblastoma with intraepi-
thelial and stromal ghost cells with a dentin-like
material. The most recent WHO classification
proposes the diagnostic designations calcifying
cystic odontogenic tumour and dentinogenic ghost
cell tumour to discern between the cystic and the
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Fig.10.19a,b Calcifying odontogenic cyst (Calcifying cystic odontogenic tumour) showing cyst lining similar to
ameloblastoma but also containing ghost cells. Ghost cells may form a minor component (a) or extensive masses
protruding into the stroma and evoking a giant cell reaction (b)

Fig.10.20a,b Calcifying odontogenic cyst in combination with immature complex odontoma. Ameloblastic epi-
thelium containing ghost cells (a) as well as immature odontogenic tissues with deposition of enamel and dentin

(b) are present

solid lesion [2]. Also, calcifying odontogenic cysts
may occur in association with other odontogenic
tumours, in most instances ameloblastoma and
odontoma (Figs. 10.20a, b) [16]. Ghost cells, ei-
ther intraepithelially or in the stroma, allow the
distinction between calcifying odontogenic cyst
and ameloblastoma. The solid variant of calcify-
ing odontogenic cyst is similar to craniopharyn-
gioma [1].

10.4 Odontogenic Tumours—

Malignant

Both odontogenic epithelium as well as odonto-
genic mesenchyme may show neoplastic degen-

eration, resulting in either odontogenic carcino-
mas or odontogenic sarcomas [11]. All entities to
be mentioned show the clinical presentation and
course as well as the radiographic appearance of
an intraosseous malignant tumour.

10.4.1 Malignant Ameloblastoma

Malignant (metastasizing) ameloblastoma is an
ameloblastoma that metastasizes in spite of an
innocuous histologic appearance. The primary
tumour shows no specific features that are dif-
ferent from ameloblastomas that do not metas-
tasize. Therefore, this diagnosis can only be made
in retrospect, after the occurrence of metastatic
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Fig. 10.21 Malignant ameloblastoma: metastasis of am-
eloblastoma in liver

deposits (Fig. 10.21). It is thus clinical behaviour
and not histology that justifies a diagnosis of ma-
lignant ameloblastoma [11].

10.4.2 Ameloblastic Carcinoma

Ameloblastic carcinoma is characterised by cells
that, although mimicking thearchitectural pattern
of ameloblastoma, exhibit pronounced cytologi-
cal atypia and mitotic activity, thus allowing the
distinction between ameloblastic carcinoma and
ameloblastoma (Fig. 10.22). Metastatic lesions are
described in the lungs and in the lymph nodes.

Fig. 10.22 Ameloblastic carcinoma combining islands
with peripheral cylindrical cells as in ameloblastoma
with cytonuclear atypia indicating malignancy
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10.4.3 Primary Intraosseous
Carcinoma

Primary intraosseous carcinoma is a squamous
cell carcinoma arising within the jaw, having no
initial connection with the oral mucosa, and pre-
sumably developing from residues of the odon-
togenic epithelium. The tumour may arise from
a still recognisable precursor lesion such as the
epithelial lining of an odontogenic cyst. Also,
enamel epithelium has been documented as a tis-
sue of origin [11].

10.4.4 Clear Cell Odontogenic
Carcinoma

Clear cell odontogenic carcinoma is composed
of cells with clear cytoplasm. These cells form
nests and strands, intermingled with smaller
islands of cells with eosinophilic cytoplasm
(Figs. 10.23a-c).

10.4.5 Ghost Cell Odontogenic
Carcinoma

Ghost odontogenic cell carcinoma, also called
malignant epithelial odontogenic ghost cell tumour
is a tumour that combines the elements of a be-
nign calcifying odontogenic cyst with a malignant
epithelial component (Figs. 10.24a, b). Only a few
cases of this tumour have been reported, thus pre-
cluding any conclusions regarding clinicopatho-
logic features. The tumour apparently arises most
often from malignant transformation of a pre-ex-
isting benign calcifying odontogenic cyst.

10.4.6 Odontogenic Sarcoma

The WHO discerns between ameloblastic fibro-
sarcoma, ameloblastic fibrodentino- and fibro-
odontosarcoma, and odontogenic carcinosar-
coma [2]. The ameloblastic fibrosarcoma consists
of malignant connective tissue admixed with epi-
thelium similar to that seen in an ameloblastoma
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Fig. 10.23 Clear cell odontogenic carcinoma composed
of clear cells (a) and eosinophilic cells (b). Tumour cells

have invaded the pulp which is very rarely seen (c)

Fig. 10.24a,b Photomicrograph showing ghost cell odontogenic carcinoma. a Combination of soft tissue component
resembling ameloblastic carcinoma but with also deposition of giant cells. b Stromal induction results in the forma-
tion of large cementum-like deposits

or ameloblastic fibroma. If there is also dentin,
this is known as an ameloblastic fibrodentinosar-
coma, and if there is also enamel, it is called am-
eloblastic fibro-odontosarcoma. This subclassifica-
tion has no prognostic significance [11]. Those
extremely rare lesions that combine carcinoma-

tous and sarcomatous elements, but are recog-
nisable as odontogenic through their epithelial
component resembling ameloblastic carcinomas,
have been called odontogenic carcinosarcoma or
odontogenic carcinoma with sarcomatous prolif-
eration [2, 11].
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11.1 Introduction

As already mentioned, immature odontogenic
tissues may closely mimic odontogenic tumours.
Quite often, it may be very difficult to decide
if the structures visible in the slide are indicat-
ing the presence of an odontogenic tumour or if
they are just remnants of tissues connected with
tooth development. Two different parts of the
immature tooth are important in this respect: the
dental papilla and the dental follicle. Both will be
discussed in some detail.

First, it has to be emphasised that one should
be very cautious in making a diagnosis of some
kind of odontogenic tumour on tissue taken from
a jaw area still containing developing teeth and
not showing any clinical or radiographic sign of
tumour being present. The ubiquitousness of im-
mature odontogenic tissues in the jaw of children
is shown in Fig. 11.1. This picture illustrates that
the chance of encountering immature odonto-
genic tissues in tissue samples from this area and
at this age is rather high.

11.2 Dental Papilla

The dental papilla is the mesenchymal soft tissue
part of the tooth germ. During development and
maturation, it gradually transforms into the den-
tal pulp. Concomitant with this transformation,
it decreases in volume and changes its histomor-
phology from mainly myxoid to more fibrous.
Due to this myxoid nature, the dental papilla can
be mistaken for odontogenic myxoma with seri-
ous consequences for the patient [5, 12].

This diagnostic pitfall can be avoided by an
enquiry into the source of the tissue. If there is
evidence that it comes from the vicinity of a de-

Immature Odontogenic Tissues.
A Source of Diagnostic Confusion
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Fig. 11.1 Radiograph showing mixed dentition. Germs
of the permanent teeth in varying stages of maturation
are seen in upper and lower jaw. The 3rd molar germ just
has started to form dental hard tissues whereas the 2nd
permanent molar germ shows a very pronounced radio-
lucent rim representing the dental follicle. Other tooth
germs show wide apical foramina indicating incomplete-
ly formed roots. Histologic details from this root area are
shown in Fig. 11.2

veloping tooth, dental papilla is much more likely
to be the appropriate diagnosis than odontogenic
myxoma. Moreover, in case of dental papilla,
the myxoid tissue quite often is accompanied by
some strands of odontogenic epithelium repre-
senting remnants of the enamel organ and also,
it may show a peripheral cell condensation indi-
cating presence of odontoblasts. Finally, a shell of
dentin adjacent to the myxoid tissue may be help-
ful in differentiating odontogenic myxoma from
dental papilla (Figs. 11.2, 11.3a-d).

In practice, this diagnostic pitfall especially
applies to biopsies taken from elevations of the
bottom of the maxillary sinus. These elevations
may well represent the cranial part of developing
maxillary tooth germs. If biopsied and submitted
as tissue from a swelling in the maxillary sinus,
an erroneous diagnosis of maxillary odontogenic
myxoma is easily made [6].



Fig. 11.2 Photomicrograph of the apical part of a tooth germ.
Dental papilla (left side) consisting of immature myxoid con-
nective tissue faces dentin and inner enamel epithelium (right
side). Interposed cell condensation represents layer of odonto-
blasts forming dentin. See also figures in Chap. 1

11

Fig. 11.3 Dental papilla mimicking myxoma. a Low power view showing fragments of loose myxoid tissue sur-
rounded by more dense fibrous bands. b Adjacent strand of inner enamel epithelium reveals that it concerns a dental
papilla and not a myxoma. ¢ Sometimes, the epithelial component is only rudimentary. d Adjacent tubular dentin
also indicates that it does not concern a myxoma but normal immature odontogenic tissue
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11.3 Dental Follicle

The dental follicle is the fibrous sac that sur-
rounds the not-yet-erupted immature tooth
(Figs. 11.4a, b). At radiographs, it can be seen as
a radiolucent rim surrounding the tooth germ
(Fig. 11.1). Sometimes, this rim is larger than usu-
ally seen. This may lead to examination, includ-
ing biopsy. As these dental follicles may consist of
myzxoid tissue, they may be mistaken for myxoma
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similar to that for the dental pulp [3, 12]. How-
ever, they may also contain a lot of other tissue
components derived from the odontogenic appa-
ratus including cementum, bone, dystrophic cal-
cifications and nests, and strands of odontogenic
epithelium. The arrangement of these tissues may
simulate a variety of odontogenic tumours, either
epithelial, mesenchymal, or mixed as illustrated
in Figs. 11.5a-h. Again, it should be emphasised
that these pictures encountered in tissues taken
from the vicinity of a tooth germ should never

Fig.11.4 a Cut surface showing tooth germ in its bony crypt. The fibrous capsule that surrounds this tooth germ
represents the dental follicle. b Schematic drawing of tooth germ with surrounding follicle. (Drawing by John A.M.

de Groot)

Fig. 11.5a-h Hyperplastic dental follicle may contain immature odontogenic tissues simulating odontogenic tu-
mours. a Nodules of myxoid tissue with dispersed odontogenic epithelium mimicking ameloblastic fibroma. How-
ever, the nodular arrangement precludes that diagnosis as does the absence of any clinical sign of tumour. b Higher
magnification showing formation of dental hard tissues adjacent to epithelium thus mimicking ameloblastic fibro-

odontoma. ¢ see next page

77



Fig. 11.5 (continued) Hyperplastic dental follicle may contain immature odontogenic tissues simulating odonto-
genic tumours. ¢ Higher magnification showing epithelial nests resembling ameloblastoma. However, coexistence of
immature myxoid tissue indicates either ameloblastic fibroma or a hamartomatous component of a dental follicle.
d Cell-rich area of odontogenic mesenchyme with dispersed epithelial nests. e Mixture of more myxoid and more
fibrous parts of the dental follicle together with many epithelial remnants. f Deposition of dysplastic dentin in cell-
rich area of odontogenic mesenchyme. g Particle consisting of dentin core covered with immature enamel and sur-
rounded by immature odontogenic epithelium and mesenchyme. h Dystrophic calcifications formed in association
with odontogenic mesenchyme
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been taken as evidence for neoplasia in the ab-
sence of clinical or radiologic signs suggesting tu-
mour growth. They should be considered hamar-
tomatous tissue alterations connected with tooth
development.

Sometimes, enlarged dental follicles may be
associated with multiple unerupted teeth [2, 4,
11]. Moreover, unerupted teeth with large peri-
coronal fibrous lesions may occur together with
other dental abnormalities such as enamel dys-
plasia and pulpal calcifications [1, 8, 10].

Finally, odontogenic hamartomatous lesions
may be found in the so-called opercula, the soft
tissue barrier lying between the oral cavity and
the crown of the erupting tooth. In case of de-
layed tooth eruption, the oral surgeon may excise
this soft tissue mass that consists of both gingival
fibrous tissue and the adjacent part of the un-
derlying dental follicle for exposure of the tooth
crown and thus facilitating subsequent eruption.
Histologic examination of these opercula should
be done with the same caveats as already men-
tioned [7, 9].
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