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Foreword to the First Edition

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 Pathology of Dental Hard Tissues, written and edited 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 microstruc-
ture of teeth and adjacent 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 lifelong dealing with this specialty in pathology has resulted in
an authoritative and encyclopaedic 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-disturbances of tooth form
and dental hard structure is given. Also, the book is dealing with alterations
acquired after tooth eruption, disturbed tooth eruption, disorders of dental pulp and
periodontal tissues. In addition, the book extensively deals with odontogenic cysts
and tumours.

Besides the concise text, an especially strong feature of the book is the many
photomicrographs 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 certainly should become a
standard of reference for dental students as well as researchers in the field.

Berlin Peter A. Reichart
March 2007






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 a neglection of others. Such 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
appearances shown by afflictions of the teeth and their surrounding structures.
Pathologists with their medical training are, in general, not familiar 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
laboratory facilities at their disposal needed for histopathology nor the microscopi-
cal skill of the experienced pathologist.

Therefore, dental pathology is still largely an unknown field, and quite often,
gross and microscopic morphology of teeth anomalies are poorly or even incorrectly
reported, partially because clinicians are poorly trained in recognising and accurately
describing dental defects (including their radiological aspects) and partially because
dentists are often unaware of the systemic aspects of the oral anomalies, with which
they are associated.

This book intends to fill this gap by offering practically applicable knowledge on
macroscopic and histological changes that are seen in diseases of the dental and
periodontal tissues, thus being helpful to provide an accurate description of gross and
histological changes of the teeth and their associated pathology. The aim is to enable
the pathologist to recognise and interpret alterations in teeth and periodontal tissues
in such a way that the results from this investigation 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 examine the slides prepared from
the tissue samples under investigation. In this way, the communication between
clinician and pathologist will be facilitated, thus improving patient care.

As histopathology of teeth and adjacent tissues requires knowledge of the normal
development and histology of the dentition, the book starts with two chapters
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viii Preface

devoted to these subjects. Thereafter, chapters discuss the gross and microscopical
features of diseases of the teeth, either developmental or acquired. Then, chapters
are devoted to diseases 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 difficulties and
with severe consequences for the patient if this distinction is not drawn appropriately.
As far as possible, descriptions and illustrations include gross features, as well as
radiological and histological aspects. Where appropriate, also the appearances
shown in ground sections are mentioned.

When compared with the 1st edition of this book, the number of illustrations has
increased considerably; especially clinical and radiographic illustrations are added
that may be instructive for clinicians when performing intraoral examination or
evaluating radiographic data.

Nijmegen, The Netherlands Pieter J. Slootweg
January 2013
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Tooth Formation

Teeth develop from epithelial cells from the mucosal lining of the oral cavity and
cranial neural crest-derived ectomesenchymal cells. These latter cells originate at
the ectodermal/neuroectodermal junction of the developing brain, extending ros-
trally from the caudal boundary of the hindbrain and neural tube to the midbrain and
caudal forebrain. They give rise to most connective tissues in the craniofacial region
including the bones of the calvarium, face and jaws. So, these bones that are formed
by mesenchymal cells have an ectodermal/neuroectodermal ancestry — that is why
they are also known as ectomesenchyme [1-4]. The oral epithelium appears to guide
the very early stages of tooth formation and sends signals to the adjacent ectomes-
enchyme inducing odontogenic potential in the latter [5, 6]. Thereafter, the odonto-
genic ectomesenchyme takes the lead [7].

Whether tooth germs will develop into incisors, canines, premolars or molars is
determined before any histologically visible sign of tooth development. Genetic
pathways control development of the various groups of teeth. In the past, there has
been debate whether this dental diversity may be the result of prepatterned cranial
neural crest cell populations that lead to the formation of the various tooth types or
whether the morphological variety within the dentition is due to different responses
of the ectomesenchyme to signals from the oral epithelium, the dentition pattern
being determined by a prepatterning of either the oral epithelium or the cranial neu-
ral crest-derived cells. The current opinion is that the oral epithelium not only initi-
ates tooth formation but also establishes the number and shape of teeth in the oral
cavity [7].

From a histological point of view, the process of tooth formation starts with the
formation of the dental lamina, a sheet of epithelial cells extending from the lining
of the oral cavity into the underlying ectomesenchyme. In this dental lamina, focal
budlike thickenings determine the sites of the future teeth, 20 for the deciduous
dentition and 32 for the permanent one, and together with a surrounding aggrega-
tion of ectomesenchymal cells, they represent the earliest stage of the tooth germ
(Figs. 1.1a and 1.2).

Subsequently, the epithelial bud transforms into a cap and, from now on, is called
enamel organ. Due to the formation of a concavity along the inner surface, the cap

P.J. Slootweg, Dental Pathology, 1
DOI 10.1007/978-3-642-36714-4_1, © Springer-Verlag Berlin Heidelberg 2013



2 1 Tooth Formation

Fig. 1.1 Diagram showing consecutive stages of early tooth formation. (a) Bud stage, (b) cap
stage and (c) 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
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Fig. 1.3 Cap stage of tooth germ showing enamel organ composed of loose stellate reticulum
bordered by inner enamel epithelium facing the ectomesenchymal condensation that will develop
into the dental papilla (see Fig. 1.4)

transforms into a bell. Ectomesenchymal cells lying within this concavity form the
dental papilla that will become the dental pulp, the soft tissue core of the teeth.
Other ectomesenchymal cells surround the enamel organ and form the dental folli-
cle, 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 dis-
cerned: the inner enamel epithelium facing the dental papilla, the outer enamel epi-
thelium lying adjacent to the dental follicle and the intervening loose stellate
epithelium that is called the stellate reticulum (Figs. 1.1b, 1.3, and 1.4a, b).

From the bell stage onwards, reciprocal inductive events take place causing inner
enamel epithelium and adjacent dental papilla cells to develop into enamel-forming
ameloblasts and dentin-producing odontoblasts (Fig. 1.4b). The differentiation of
dental papilla cells into odontoblasts requires a stimulus from the inner enamel
epithelium, whereas the terminal differentiation of inner enamel epithelium into
enamel-producing ameloblasts cannot occur without the presence of dentin. So,
dentin production goes ahead of enamel production, and this is recapitulated in
some odontogenic lesions that may display dentin formation but no enamel produc-
tion, whereas the converse is never seen.

The odontoblasts form a matrix of collagen fibres called predentin that subse-
quently calcifies to become dentin. During dentinogenesis, odontoblasts recede
from the dentino-enamel junction leaving a cytoplasmic extension behind in the
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Fig. 1.4 (a) Frontal section of fetal maxilla showing tooth germs in varying stages of develop-
ment. (b) At the tip of the dental papilla, deposition of enamel (purple) and dentin (pink) has
started

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
and 1.4a, b).

Deposition of enamel starts after a tiny amount of dentin has been formed at
the interface between future ameloblasts and odontoblasts. The enamel matrix
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Fig. 1.5 Schematic drawing
of tooth germ in its late
development. The crown is
completely formed. The root
is still growing at its apical
tip; cells from the dental
papilla are being recruited to
become dentin-forming
odontoblasts. At this site,
inner enamel epithelium still
induces development of
odontoblasts with subsequent
dentin formation, but the
subsequent differentiation of
epithelium into ameloblasts
forming enamel does not take
place in root formation
(Drawing by John A.M. de
Groot)

subsequently calcifies to consist of minerals for approximately 95 %. This high
mineral content explains why it does not withstand decalcification needed for
histology.

While ameloblasts and odontoblasts are depositing 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 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 den-
tal papilla cells to become odontoblasts that have to form the root dentin (Figs. 1.5
and 1.6). Thereafter, Hertwig’s root sheath fragmentates. In this way, ectomesen-
chymal cells from the dental follicle gain access to the root surface. These cells
differentiate into cementoblasts and secrete cementoid on the surface of the inter-
mediate cementum laid down before by them as initial layer. Cementoid calcifies to
become cementum. Whether cells from Hertwig’s root sheath also contribute to
initial cementum formation has been a controversial issue in the past [§—10]. The
current opinion is that Hertwig’s root sheath acts as a barrier that establishes root
shape and may mediate cementum formation, but does not secrete cementum itself
[11]. However, a contribution of cells from Hertwig’s root sheath to cementum for-
mation cannot be excluded as there is some experimental evidence that demon-
strates that root sheath cells not only are capable of controlling periodontal ligament
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Fig. 1.6 Apical partof tooth W .
germ showing Hertwig’s B s
epithelial root sheath. -
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cell differentiation, but that these cells also exhibit epithelial-mesenchymal transi-
tion to give rise to cementum-forming cells [12].

Besides the formation of cementum, dental follicle ectomesenchymal cells are
also responsible 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 permanent component of the peri-
odontal ligament; they are known as rests of Malassez and are the source of some
cystic jaw lesions. These epithelial rests are not merely an accidental leftover of
early embryonic development but rather play significant roles in the regulation and
maintenance of the periodontal ligament space, the prevention of root resorption
and ankylosis, the maintenance of periodontal ligament homeostasis and the induc-
tion (possibly also secretion) of acellular cementum formation [10, 12]. Other epi-
thelial reminiscences to the tooth development lie more superficially in the jaw
tissues; they are the epithelial rests of Serres that have their origin from the dental
lamina.

When the formation of the crown is complete, the enamel organ atrophies. The
stellate reticulum disappears, and inner and outer enamel epithelia form an epithelial
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Fig. 1.7 Panoramic radiograph showing a so-called mixed dentition. Whereas the permanent inci-
sors are almost fully developed, the third molar teeth in the mandible have just started the forma-
tion of mineralised material. The other permanent teeth are in intermediate stages of development
shown by differences in root length and wideness of the apical foramen (Picture kindly provided
by Prof. A. Kuijpers-Jagtman, Department of Orthodontics and Craniofacial Biology, Radboud
University Nijmegen Medical Center, Nijmegen, the Netherlands)

covering of the tooth crown — the so-called reduced enamel epithelium — that remains
present till the tooth erupts into the oral cavity. Fluid accumulation between enamel
surface and this epithelial investment may give origin to cystic lesions.

In humans, tooth formation starts already at the 6th week of embryonic life. It
continues till early adulthood when the roots of the permanent third 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 devel-
opment. 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 till early adolescence (Fig. 1.7). To mention just one example,
inner and outer enamel epithelia may show active proliferation at the developing
root tip, while, slightly more coronally, the root sheath dissolves, and cementoblasts
from the dental follicle are lying down cementum, both these events occurring
within a distance of only 1 mm at the developing root surface.

References

1. Miletich I, Sharpe PT (2004) Neural crest contribution to mammalian tooth formation. Birth
Defects Res 72:200-212

2. Sharpe PT (2001) Neural crest and tooth morphogenesis. Adv Dent Res 15:4-7

3. Thesleff I, Kerdnen S, Jernvall J (2001) Enamel knots as signaling centers linking tooth mor-
phogenesis and odontoblast differentiation. Adv Dent Res 15:14-18



1 Tooth Formation

10.

11.

12.

. Tucker A, Sharpe P (2004) The cutting edge of mammalian development. How the embryo

makes teeth. Nat Rev Genet 5:499-508

. Cobourne MT, Mitsiades TM (2006) Neural crest cells and patterning of the mammalian denti-

tion. J Exp Zool (Mol Dev Evol) 306B:251-260

. Thesleff I (2006) Research review. The genetic basis of tooth development and dental defects.

Am J Med Genet A 140A:2530-2535

. Thimios A, Mitsiadis TA, Graf D (2009) Cell fate determination during tooth development and

regeneration. Birth Defects Res 87:199-211

. Diekwisch TGH (2004) Developmental biology of cementum. Int J Dev Biol 45:695-706
. Fujiyama K, Yamashiro T, Fukunaga T et al (2004) Denervation resulting in dento-alveolar

ankylosis associated with decreased Malassez epithelium. J Dent Res 83:625-629

Luan X, Ito Y, Diekwisch TGH (2006) Evolution and development of Hertwig’s epithelial root
sheath. Dev Dyn 235:1167-1180

Zeichner-David M, Oishi K, Su Z et al (2003) Role of Hertwig’s epithelial root sheath cells in
tooth root development. Dev Dyn 228:651-663

Sonoyama W, Seo BM, Yamaza T1, Shi S (2007) Human Hertwig’s epithelial root sheath cells
play crucial roles in cementum formation. J Dent Res 86:594-599



Histology of the Teeth
and Surrounding Structures

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 ves-
sels and nerves, and supports 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 collagenous 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 open-
ing to the dental pulp (Fig. 2.1a, b). Sometimes, additional communications exist
between dental pulp and 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

Dentin is a specialised kind of bone formed by the odontoblasts but different in that
sense that it does not contain complete cells but only cellular extensions, cytoplas-
mic 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 canals that house the
odontoblastic extensions are recognisable as evenly spaced tubuli. This tubular
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 den-
tino-enamel junction, lines are observed: the lines of von Ebner.

The organic matrix laid down by the odontoblasts is called predentin recognis-
able by its pink staining in hematoxylin and eosin-stained sections. In this matrix,

P.J. Slootweg, Dental Pathology, 9
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10 2 Histology of the Teeth and Surrounding Structures

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)

calcification occurs in the form of spherical masses which, as they increase in size,
gradually fuse together, thus transforming the predentin into the darker-staining
mineralised dentin (Fig. 2.2). At the border between dentin and predentin, these
calcospherites can be frequently seen, either separate or already in contact 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 dentine is the circumpulpal dentin. This distinction is relevant as some
structural tooth alterations are confined to the circumpulpal dentin, leaving the man-
tle 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, named in this way because of the presence of interglobular spaces due
to deficient mineralisation at this site (Fig. 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 secondary dentin. Its lifelong gradual deposition
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Fig. 2.2 Dentin at its pulpal side bordered by columnar odontoblasts. The distinction between the
pale predentin and the darker-staining mineralised dentin is clearly visible

causes a decrease of the pulp chambers in 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 dentin in a more irregular structure, not only containing
odontoblastic extensions but also complete cell bodies of odontoblasts and thus
resembling 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 processes is called 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.

Enamel

Enamel consists for almost 100 % of minerals, so it evades histologic evaluation in
common paraffin sections from decalcified material. Only in immature tooth tis-
sues, it may 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 tumours.
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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 calcified tissue mass interrupting the regular
arrangement of odontoblasts

Fig.2.5 Photomicrograph showing enamel matrix at the right side. Due to the low mineral content,
its lamellated structure is still visible. At the left side, tubular dentin is visible. The enamel matrix is
still covered with reduced enamel epithelium, the atrophied remnant of the enamel organ
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Fig.2.6 Ground section of a tooth to illustrate in the enamel the presence of the striae of Retzius
running parallel to the enamel surface and the alternating light and dark Hunter-Schreger bands
running perpendicular to the dentin-enamel junction

Examination of mature enamel requires the employment of ground sections. In
transmitted light, the enamel incremental lines can be seen 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 den-
tino-enamel junction can be observed. These so-called Hunter-Schreger bands are an
optical phenomenon caused by different directions of the rods that form the building
stones of the enamel (Fig. 2.6). These rods have on transverse sectioning the outline
of a keyhole. Through interlocking 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 decalcified paraffin sections.

Cementum

Root cementum is visible as a tiny slightly basophilic 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; the way in which the epithelial
cells from Hertwig’s sheath are involved in this process has already been discussed
in Chap. 1.
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Fig.2.7 Root surface
covered by cementum

With the course of time, cells from the periodontal ligament may add new cemen-
tal layers to the root surface in which cells may become entrapped (Fig. 2.7). The
cellular cementum formed in this way closely resembles bone and can only be
identified as cementum by its location: covering a root surface. Deposition of
cementum probably continues throughout life. It is superimposed upon the cemen-
tum that is formed initially during tooth formation. Collagen fibres from the peri-
odontal 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.

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 depending on its position.
At the root tip, the radicular part of the pulp merges with the periodontal ligament.
At this site, blood vessels and nerves enter the tooth. At the interface of pulp and
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Fig. 2.8 Dental pulp with columnar odontoblasts at the border with the adjacent dentin

dentin lies a continuous row of columnar odontoblasts (Fig. 2.8). They are respon-
sible for the deposition of dentinal matrix that may be either secondary as a physi-
ologic process continuing as long as the tooth lives or tertiary as a reply to some
insult. In the latter situation, they loose their regular palisading 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. “Pulp Stones, False and True (Denticles)”).

Gingival Attachment

During and after eruption, the tooth pierces through the oral mucosa while reduced
enamel epithelium and oral epithelium coalesce (see Chap. 7). To maintain an ade-
quate barrier between the inner and the outer environment, there has to be a firm
connection between the epithelial 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 non-keratinising squamous epithelium that forms a cuff
attached to and surrounding the necks of the teeth. In the healthy situation, this epi-
thelium 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 epithelium
is parakeratinised and shows extremely long and thin rete ridges that may split into
several branches. Both the epithelial covering of the free gingiva and the junctional
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Fig. 2.9 Schematic drawing (a) and photomicrograph (b) to illustrate the gingival attachment to
the tooth surface

epithelium are supported by collagenous fibres fanning out from the root surface
and connected to the root through embedding in the root-covering cementum
(Fig. 2.9a, b).

The junction between epithelium and tooth is very vulnerable as it only depends
on adhesion between both surfaces. Slight inflammatory alterations in the gingiva
may already cause disruption of this attachment. The consequences of this disrup-
tion will be discussed under the heading gingival and periodontal disease (Chap. 9).
Briefly, if there is loss of attachment of the junctional epithelium to the tooth sur-
face, it may move downwards to lie adjacent to the root cementum and may estab-
lish a new attachment at that site.

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 periodontal ligament but also for the cells that form the
cementum and the alveolar bone.

During and after tooth eruption, the fibrous connective tissue composing the fol-
licle transforms 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 collagenous fibres of the periodontal
ligament connect with those of the gingiva that are specifically known as gingival
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Fig.2.10 Periodontal
ligament, at one side
bordered by the bone of the
alveolar socket and at

the opposite side by the
cementum covering the root
surface. A nest of Malassez
lies embedded between the
fibres running between both
surfaces

fibres. Epithelial rests of Malassez, already mentioned before, lie embedded 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 contain 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
unaware pathologist. This point will be discussed more extensively within the
context of odontogenic tumours (see Chaps. 11 and 12).

Further Reading

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

Introduction

Normally, the human dentition counts 32 permanent teeth whereas the deciduous
dentition contains 20. As already briefly mentioned in Chap. 1, teeth develop via a
series of interactions between odontogenic epithelium and neural crest-derived
ectomesenchyme of the early jaw primordia. While considerable information is
now available on how these molecules interact to produce an individual tooth,
much less is known about the processes that control overall tooth number within
the dentition. However, it has increasingly became clear that both a too high and a
too low number can be traced back to a broad area of genetic changes [1, 2]. These
numerical aberrations may occur as part of a more general syndrome as well as an
isolated feature [3, 4].

Supernumerary Teeth

Supernumerary teeth, or hyperdontia, refer to the teeth that form in addition to the
normal number. They can be associated with a syndrome or they can be found in
non-syndromic patients [3—5]. Supernumerary teeth occur as mesiodens, between
the maxillary central incisors, or can be located in the premolar-molar region as
supernumerary premolars or supernumerary fourth and fifth molars (Figs. 3.1 and
3.2). These supernumerary teeth may have a normal morphology or may show
little or no resemblance to the other teeth. A mesiodens usually is peg-shaped with
root development at the similar stage or ahead of that of the adjacent teeth.
Supernumerary premolars and molars may show more variation in size and form.
Clinically they may cause retained or delayed eruption of permanent teeth. In
general, a low number of supernumerary teeth are not related with additional
abnormalities, whereas a higher number of them usually are associated with other
conditions such as cleft palate and cleft lip or with variable syndromes [5].
Hereditary factors may play a role in both syndrome- and non-syndrome-related
hyperdontia [1-5].
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Fig.3.1 Radiograph
showing supernumerary tooth
between both central
maxillary incisors. This
so-called mesiodens is the
most common form of a
single supernumerary tooth

'
i

Fig. 3.2 Radiograph
showing a third premolar
tooth, also one of the more
common limited forms of
supernumerary teeth

The prototypical syndrome with supernumerary teeth is cleidocranial dysosto-
sis, an autosomal dominant hereditary disorder characterised by bone deformities
among which are hypoplastic clavicles, short stature and dental abnormalities
including variable numbers of supernumerary teeth that occur in almost all of
them (Fig. 3.3) [5]. From the other syndromes with hyperdontia, familial adenom-
atous polyposis (FAP) should be mentioned, an autosomal dominant hereditary
disorder that is characterised by gastrointestinal polyps, multiple osteomas and
tumours in skin and soft tissues. The jaws are not only involved by showing a high
number of supernumerary teeth but also by the presence of osteomas, mostly in
the mandible [4, 5].
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Fig. 3.4 Oligodontia may occur in various forms. In this case, almost all permanent teeth are
lacking

Tooth Agenesis

Congenital absence of teeth can be found in either deciduous or permanent dentition
[6-9]. Absence of all teeth is called anodontia, which is extremely rare; relatively
more frequent is hypodontia when 2—-10 teeth are missing or oligodontia when it
involves more than a half of the total dentition (Fig. 3.4) [2]. The teeth that are most
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Fig. 3.5 In hypodontia, only a few teeth are not present; in this case, both mandibular second
premolar teeth have not developed

often absent are the third molars, followed by the second lower premolars (Fig. 3.5),
the lateral upper incisors and the second upper premolars.

Both environmental and genetic factors can cause failure of tooth develop-
ment. Environmental factors such as irradiation and chemotherapeutic agents can
arrest tooth development, but most of the cases are caused by genetic factors.
Both hypodontia and oligodontia may be inherited as an autosomal dominant trait
with incomplete penetrance and variable expression, but autosomal recessive,
sex-linked and polygenic or multifactorial models of inheritance probably also
play a role.

Missing teeth, either hypodontia, oligodontia or anodontia, may occur within the
context of a syndrome. Congenital absence of teeth has been reported to be associ-
ated with Down syndrome, lateral maxillary incisors, lower central incisors and
second premolars being the most commonly missing teeth [4].

The prototypical syndrome with a decrease in teeth number is ectodermal dys-
plasia. In fact, this is a large and complex group of disorders characterised by vari-
ous combinations of defects in hair, nails, teeth and sweat glands, either isolated or
associated with malformations. Oligodontia is always present and complete ano-
dontia is occasionally seen [4].

Tooth agenesis also may occur associated with oral clefts. This agenesis may
involve teeth in the region of the cleft, but teeth may also be absent in other regions
of the mouth pointing to a common underlying genetic cause for both clefting and
tooth agenesis [7].

Tooth agenesis is often associated with different kinds of anomalies in other teeth
[7]. These include reduction in tooth dimensions and abnormal morphology, such as
shortened roots and taurodontia (see Sect. “Taurodontism”) and enamel hypoplasia
(see Chap. 5, Sect. “Enamel hypoplasia”). A decreased tooth dimension has also
been observed in healthy relatives of patients with severe tooth agenesis. Typical
changes in tooth crown morphology include conical or peg-shaped teeth.
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Disturbed Tooth Form

Disturbances Arising During Tooth Formation

Teeth may show an abnormal form due to malformations occurring during
development or acquired after eruption into the oral cavity. The microscopic struc-
ture of the dental tissues usually is normal.

Fusion

In case of fusion, two adjacent teeth are connected with each other by either enamel
and dentine both or, rarely, by enamel alone. The fusion 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 disappearing of the
investing dental follicle, odontogenic soft tissues may unite to form a common
matrix that subsequently mineralizes as usual (Fig. 4.1a—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 teeth
number when there is fusion of a tooth with a supernumerary 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.

Gemination and Twinning

Gemination occurs when there is partial development of two teeth from one single
tooth germ. An abnormally formed tooth with usually one root canal is the out-
come of this developmental fault (Fig. 4.2a, b). When the division is complete, the
condition is called twinning. Then, the normal number of teeth is increased by one,
the superfluous tooth usually being the mirror image of its adjacent counterpart. As
already mentioned, the distinction between gemination and fusion is made by
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counting the number of teeth in the dentition. In case of fusion, their number is
decreased by one as two teeth are replaced by one single abnormally formed fusion
product. In case of gemination, the number is normal but one of the teeth being
replaced by an abnormally formed one.

Concrescence

Concrescence is the connection of two or more teeth by root cementum alone after
the tooth crowns have been formed (Fig. 4.3a—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.

Fig. 4.1 Schematic drawing (a), gross appearance (b), cut surface (c¢), ground section (d) and
decalcified section (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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e

Fig. 4.1 (continued)
Dens Invaginatus

Dens invaginatus, also called dens in dente, is a condition in which the crown sur-
face of the tooth invaginates deeply into the crown and quite often also the root
part. In this way, a deep groove is created, lined by dentin with a covering 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
(Fig. 4.4a—e). Through this pit, bacteria 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 invagination may also
be located laterally (Fig. 4.4f).
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1

Fig. 4.2 Schematic drawing (a) and gross appearance (b) of gemination

Fig. 4.3 Schematic drawing (a) and gross appearance (b), cut surface (¢) and ground section (d)
of concrescence. Two teeth are united by a thick cementum layer
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Dens Evaginatus

In dens evaginatus, an enamel-covered tubercle projects from the occlusal surface
of the affected tooth. This evagination consists not only of enamel but also of dentin
and pulp tissue. It mostly occurs in molar and premolar teeth (Fig. 4.5). Occasionally,
an accessory cusp is seen at the lingual surface of the lower incisor teeth which is
called a talon cusp (Fig. 4.6).

Fig. 4.4 Dens invaginatus (dens in dente). As present at panoramic radiograph (a), gross appear-
ance (b), radiograph (c) and cut surface to display the cavity inside the tooth (d). The opening of
the invagination to the outer surface may be different among individual cases: (e) incisally,
(f) laterally (Figure (a) kindly provided by Dr. M. Kicken, Department of Oral and Maxillofacial
Surgery, Rijnstate Hospital Arnhem, the Netherlands)
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Fig. 4.4 (continued)

Dilaceration

Dilaceration means displacement of the crown from its normal alignment with the
root. It occurs when during tooth development an acute mechanical 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,
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Fig. 4.5 Dens evaginatus.
The occlusal surface of the
molar tooth shows a centrally
located additional cusp

Fig. 4.6 Lingual view of
mandibular incisor teeth
shows an accessory cusp at
tooth 41 which represents the
so-called talon cusp

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 (Fig. 4.7a—c). Malformation of the immature tooth may also occur
through forces exerted by intraosseous space occupying lesions. In those cases, the
teeth involved show bending and no angulation. This type of malformation is not
included in the definition of dilaceration.

Taurodontism

In normal teeth, the pulp chamber shows a constriction at the level of the ameloce-
mental junction. In taurodontism, the pulp chamber shows an increased vertical
dimension, thus extending far into the root area of the involved tooth. As a conse-
quence, in multirooted teeth, the splitting of the root into its several extensions, the
so-called furcation, occurs at a level much more apically than is the case in normal
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Fig. 4.7 Dilaceration. The root shows an acute angle (a). At higher magnification, the disturbed
course of the dentinal tubuli is shown (b). Sometimes, the entire root is stunted and underdevel-
oped (¢)
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Fig. 4.8 Cut surface (a) and histologic appearance (b) of taurodontism. The apical displacement
of the root furcation is clearly visible

teeth (Fig. 4.8a, b). Therefore, the root bi- or trifurcation may be very shallow or
even absent.

Enamel Pearls

Enamel pearls are deposits of enamel in an abnormal position, mostly the outer root
surface although they can also be found embedded in the dentin. Their size may
vary from a pinpoint to several millimetres. Sometimes, the enamel 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 supernumerary tooth fused becomes debat-
able (Fig. 4.9a—).

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 carious decay. Both issues and their sequelae will be dis-
cussed in Chap. 6.
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Fig.4.9 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

Further Reading

Tahmassebi JF, Day PF, Toumba J et al (2003) Paediatric dentistry in the new millennium: 6.
Dental anomalies in children. Dent Update 30:534-540



Developmental Disturbances
in Tissue Structure

Enamel

As enamel consists for almost 100 % of minerals, 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 on 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, alterations 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 than depicted below.

Amelogenesis Imperfecta

Amelogenesis imperfecta is a hereditary condition afflicting the tooth enamel. It is
subdivided in a considerable number of conditions depending on the clinical
appearance, the kind of disturbance and the pattern of inheritance that may be auto-
somal recessive, autosomal dominant or X linked. For practical purposes, amelo-
genesis imperfecta will be discussed to allow recognition of the various subtypes
as defined by their gross appearance, teeth showing either abnormal enamel caps of
normal hardness or enamel caps consisting of enamel that is too soft and dis-
coloured. The first is called hypoplastic and the latter hypomineralised or hypoma-
tured. The ambiguities arising from this phenotypic classification are demonstrated
by the combined occurrence of both hypoplastic and hypomineralised amelogene-
sis imperfecta in a family also having taurodontism [1], and it has been proposed
recently that a classification based on the mode of inheritance may be more appro-
priate [2-5]. 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 although there may be variation in expression. Moreover, the defect
may be associated with other dental anomalies such as disturbed form, calcification
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of the dental pulp and delayed eruption of the teeth [6]. Occasionally, the condition
is associated with dental follicular hamartomas and gingival hyperplasia [7].

Amelogenesis Imperfecta, Hypoplastic

Amelogenesis imperfecta of the hypoplastic type is the result of a decreased amount
of enamel matrix laid down during tooth formation. Therefore, the enamel cap does
not acquire its normal 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
abnormalities 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 grooved that may run vertically or horizontally (Fig. 5.1a, b).

Amelogenesis Imperfecta, Hypomineralised

In the hypomineralised type of amelogenesis imperfecta, the enamel initially devel-
ops 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-min-
eralised enamel is soft and, therefore, is easily worn away in the mechanically
demanding oral environment, thus exposing the underlying dentin. The enamel is
light yellow-brown to orange and becomes brown to black after eruption because of
stains from food or beverages. Characteristically, remnants of enamel remain pres-
ent in mechanically privileged niches, for example, the cervical part of the tooth
crown (Fig. 5.2a—d). Due to its low content of minerals, this defective enamel will
not dissolve completely during decalcification, and therefore, it may be present in
paraffin sections made from these teeth (Fig. 5.3a, b).

Amelogenesis Imperfecta, Hypomatured

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

Enamel Hypoplasia

Enamel hypoplasia means any disturbance in tooth formation leading to macro-
scopically visible 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 lesions due to a systemic interfer-
ence. This means that alterations may not be universal in that 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, micros-
copy of this form of abnormal enamel requires ground sections which are not
within the reach of most histopathology laboratories. However, macroscopical
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Fig. 5.1 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

inspection of these teeth will already allow the distinction from amelogenesis
imperfecta as in this latter disease; all teeth show abnormalities, whereas, in enamel
hypoplasia, only some teeth may be abnormal. A common cause for enamel hyp-
oplasia is an overdose of fluoride. This condition will be discussed more exten-
sively below. Also tetracycline may give rise to enamel hypoplasia, but as this drug
particularly causes tooth pigmentation, this topic will be discussed under that
heading.
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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. 5.4). Incidentally, they may also be brown

Fig.5.2 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
(¢) and ground section

(d) showing thin and
friable enamel cap
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Fig.5.2 (continued)

and mottled. In that case, distinction from local enamel hypoplasia may become
equivocal. The prevalence of this condition is rather high. Probably, enamel
opacities are the result of short intervals of disturbed deposition of enamel matrix.
Subsequent normal formation of enamel matrix will then bury the abnormal
area.
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Fig. 5.3 Sometimes, teeth are covered by a defective enamel layer displaying both features of
hypoplasia and hypomineralisation as shown in this photomicrograph. (a) The enamel layer shows
variation in thickness and absence of regular lamellation (compare with Fig. 2.5). Underlying
dentin does not show any abnormalities. (b) This case of amelogenesis imperfecta also showed
enlarged dental follicles with areas of myxoid connective tissue in association with calcifications
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Dental Fluorosis

Fluorosis is a permanent hypomineralisation of enamel, in its mildest form charac-
terised as small white spots. More severe forms range between white opaque areas
to darkly stained and pitted enamel (Fig. 5.5a, b). Probably, an overdose of fluoride
interferes both with function of ameloblasts and proper calcification of the enamel
matrix [8, 9].

Fig. 5.4 White spot on labial surface of right first incisor tooth indicates transient period of
hypocalcification

Fig. 5.5 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



42 5 Developmental Disturbances in Tissue Structure

Fig. 5.5 (continued)

Dentin

Structural abnormalities of dentin mostly have a hereditary background with an
autosomal dominant way of transmission. In general, there is a 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 obliterate partly or entirely due to forma-
tion of abnormal dentin masses. Two main groups are recognised: dentinogenesis
imperfecta and dentinal dysplasia [1, 10-12].

Three different types of dentinogenesis imperfecta are recognised: type I that
forms part of the spectrum of abnormalities that is shown by the generalised skeletal
disorder osteogenesis imperfecta and types II and III that both occur isolated. Tooth
crowns show an amber discoloration (Fig. 5.6) and have an ovoid shape, due to
cervical constriction. Roots are short and thin. The pulp chambers are initially larger
than normal but, with course of time, become almost obliterated by ongoing abnor-
mal dentin formation. As the covering enamel tends to fracture from the underlying
weakened dentin layer, the impression of coexisting amelogenesis imperfecta may
arise [3, 4].

Dentinogenesis imperfecta type I and type II are clinically similar and only dis-
cernable by the already mentioned association of type I with osteogenesis imper-
fecta. Type III, which is limited to a specific racial subpopulation, differs from type
I and II in not showing a time-dependent obliteration of the pulp chamber, teeth
remaining extremely thin and therefore known as shell teeth (Figs. 5.7 and 5.8).

Dentinal dysplasia is subdivided into two types. In type I, both deciduous and
permanent teeth have a normal shape, but radiographically the roots are shown to be
abnormally short or even absent, while pulp as well as root canals are obliterated by
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Fig. 5.6 Dentinogenesis imperfecta; teeth with amber discoloration (Picture kindly provided by
Dr. L.G. Koutlas, Oral and Maxillofacial Pathology, School of Dentistry, University of Minnesota,
Minneapolis, USA)

Fig.5.7 Shell teeth, characterised by a widely enlarged pulpal space and only a thin shell of den-
tin (Picture kindly provided by Dr. I.G. Koutlas, Oral and Maxillofacial Pathology, School of
Dentistry, University of Minnesota, Minneapolis, USA)

dentin masses (Fig. 5.9). Dentinal dysplasia type II may represent a variant of den-
tinogenesis imperfecta. The features seen in the deciduous dentition resemble those
observed in this latter condition, whereas the permanent teeth are of normal shape
and form but may show a deformed root canal and pulp stones (Fig. 5.10) [10-15].

For a precise diagnostic classification, dental radiographs, either intraoral X-rays
or panoramic radiographs, are the most useful tool as in this way, both tooth contour
and features of the root and the pulpal cavity are clearly shown. Due to overlapping
phenotypes for all above-mentioned clinical categories of heritable dentin defects,
their categorisation has been extensively discussed in the past, and currently it is
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Fig. 5.8 In shell teeth,
histology also shows a wide
pulpal space and a thin dentin
layer

Fig. 5.9 Radiographs showing obliterated pulpal spaces and short roots as is typical for dentinal
dysplasia type I (Picture kindly provided by Dr. Melrose, Emeritus Professor, University of
Southern California and in private practice at Oral Pathology Associates, Los Angeles, CA, USA)
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Fig. 5.10 Radiographs showing bulbous crowns with cervical constriction as is seen in dentinal
dysplasia type II (Picture kindly provided by Dr. I.G. Koutlas, Oral and Maxillofacial Pathology,
School of Dentistry, University of Minnesota, Minneapolis, USA)

Fig. 5.11 Tooth showing thin surface layer of regular dentin and pulpal obliteration by irregular
dentinal masses (a) with vascular inclusions (b). This appearance may be shown by both dentino-
genesis imperfecta and dentinal dysplasia

proposed that these disorders are reflecting a variable expression of a common
genetic disorder rather than different entities [3, 4, 11, 12, 16, 17].

For the histopathologist, the heritable dentin defects are recognisable by the pres-
ence of a small rim of normal dentin covering either an unusually wide pulp space in
shell teeth (Fig. 5.8) or encasing a pulp chamber filled with irregular masses of den-
tin-containing haphazardly running dentinal tubuli in the other categories (Fig. 5.11a,b)
[18]. This abnormal dentin should not be confused with the tertiary dentin formed
locally in the dental pulp as a response to some external irritant (see Chap. 6).
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Fig. 5.12 Panoramic radiograph showing odontodysplasia: abnormally formed teeth are seen in
left anterior mandible (Picture kindly provided by Dr. M. Bronkhorst, Oral and Maxillofacial
Surgery, Slingeland Hospital Doetinchem, Netherlands)

Developmental Structural Abnormalities Involving
Both Enamel and Dentin

Odontodysplasia

Odontodysplasia is a developmental disturbance consisting of both enamel and den-
tin abnormalities in several adjacent teeth. The often added suffix “regional” empha-
sises this usually localised character, but a few cases have been described with
involvement of more extensive parts of the dentition, the abnormal teeth being pres-
ent bilaterally and in both upper and lower jaw.

The teeth are abnormally formed and the covering enamel layer is thin and yel-
low. Radiographically, the affected teeth show a ghostlike appearance (“ghost
teeth”) due to their reduced radiodensity (Fig. 5.12). The pulp chambers are wide
and the dentin is greatly reduced in thickness. The enamel is hypoplastic and
hypomineralised, and the dentin contains large areas of interglobular dentin
(Fig. 5.13a—c). Also the predentin zone is very wide. The dental pulp usually con-
tains large and irregular aggregates of mineralised matrix, the so-called denticles
(see Chap. 7). The condition may be accompanied by gingival enlargement
(Fig. 5.14) [19-21].

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 (Fig. 5.15a, b).
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Rickets

Lack of adequate supply of vitamin D during tooth development results in enamel
hypoplasia (Fig. 5.16). Changes in the dentin especially are apparent in cases of
vitamin D-resistant rickets (hereditary hypophosphataemia). This condition is asso-
ciated 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. 5.17) [4].

Segmental Odontomaxillary Dysplasia

Segmental odontomaxillary dysplasia is a noninherited, sporadic, developmen-
tal condition that presents early in life and is characterised by asymptomatic

Fig. 5.13 Cut surface (a), ground section (b) and decalcified section (¢) from tooth showing
features of odontodysplasia. Both enamel and dentin are abnormal
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Fig.5.13 (continued)

Fig. 5.14 Clinical appearance of odontodysplasia, same patient as shown in Fig. 5.12 (Picture
kindly provided by Dr. M. Bronkhorst, Oral and Maxillofacial Surgery, Slingeland Hospital
Doetinchem, the Netherlands)
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Lad

Fig.5.15 Low power view (a) and higher magnification (b) indicating both abnormal dentin and
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 and dentin forma-
tion and could be indicative of odontodysplasia as well as odontogenesis imperfecta depending on
the distribution among the dentition
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Fig.5.16 Dentition showing irregular surfaces of various teeth due to defective enamel formation
in rickets

Fig. 5.17 Photomicrograph showing excessive interglobular dentin due to defective mineralisa-
tion in hereditary hypophosphataemia
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Fig. 5.18 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

unilateral enlargement of the maxilla. Associated tooth pathology is variable,
including increased spacing and delayed eruption of teeth, hypoplasia, malfor-
mation and abnormal resorption of primary molars and agenesis of the premolar
teeth and fibrous hyperplasia of the overlying soft tissues. Radiographically, the
bone of the affected region exhibits localised, ill-defined increased bone density
owing to coarse, irregular trabeculae with a variable vertical orientation
(Fig. 5.18) [22-25]. Radiographically detectable abnormalities of the involved
teeth include enlarged crowns, roots and pulps of primary molars; irregular
resorption of primary molar roots; splayed roots of primary molars; and an
abnormal medial position of the teeth [25].

Data on histology of the involved teeth are scarce, only one report mentioning
them. These authors report the presence of tubular defects in the coronal dentin
extending from the pulp towards the dentino-enamel junction. The circumpulpal
dentin from the middle one-third of the root apically had an irregular tubular struc-
ture and lack a well-defined odontoblast layer (Fig. 5.19a, b). The pulp chamber had
an irregular outline giving the impression of intradentinal pulpal inclusions with
pulp stones. Pulp chamber and root canals are enlarged. Pulpal tissues showed
coarse fibrosis, increased vascularity and a whorled pattern. External root surfaces
showed areas of resorption, some of them with partial repair [22].
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Fig.5.19 Teeth in segmental odontomaxillary dysplasia show pulp fibrosis, lack of an odontoblas-
tic layer and an irregular architecture of the circumpulpal dentin (a). This dentin shows haphaz-
ardly running tubuli and cellular inclusions. The outer part of the dentin (b, right side) is normal
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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 effect may be gross form alterations or
subtle changes being only visible on histologic examination.

Caries

Tooth decay (dental caries) starts with the destruction of the enamel cap by
microorganisms present in the oral cavity and adherent to the tooth surface. This
leads to exposure of the underlying dentin to the oral environment and to its destruc-
tion by bacterial proteolytic enzymes. Enamel caries will not be visible in routinely
prepared histologic sections as this tissue dissolves completely during decalcification.
In ground sections made from undecalcified teeth, microscopic examination under
transmitted light will reveal optical alterations related with decreased mineral con-
tent of a still intact crystalline structure. 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. 6.1). 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
basophilic amorphous mass.

The initial carious lesion in dentin afflicts the tubuli that serve as a highway for
bacteria to spread into the dentin. As the tubules of the carious dentin 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 in the same direction as the tubuli run. Through the contin-
ued loss of dentin between the tubules, its inner structure crumbles away (Fig. 6.2a—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. “Pulpitis”). Subsequently, the
pulp dies and toxic substances from the pulp space diffuse through the apical foramen
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Fig. 6.1 Ground section showing
wedge-shaped discoloration in enamel
due to alterations in optical properties
of enamel as a result of loss of calcium
while still preserving the crystalline
scaffold

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. 9), 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

Attrition is the gradual loss of dental hard tissue as a result of chewing [1]. Therefore,
it only affects the tooth surfaces used in or shearing against each other during mas-
tication: 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 exposed. Usually this shows
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a dark-brown discoloration (Fig. 6.3). The dental pulp compensates for the loss of
dental hard tissues by the deposition of tertiairy dentin.

Abrasion

Abrasion is due to wearing away of dental hard tissue by other causes than mastica-
tion [1]. It 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 abra-
sion is too vigorous toothbrushing that may cause defects at the necks of the teeth.

Erosion

Dental erosion is defined as loss of dental hard tissues due to chemical injuries other than
those occurring in tooth caries [1]. 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 caries that causes subsurface demineralisation, erosion is a surface phenom-
enon. 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. 6.4).

Fig. 6.2 Caries induced alterations in dentin and dental pulp. (a) Low-power view showing area of
discoloration and disintegration. (b) Higher magnification showing also deposition of reparative den-
tin 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
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Fig. 6.2 (continued)
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Fig. 6.3 Attrition: mandibular incisor teeth with enamel worn away, thus exposing the brown
discoloured dentin

Fig. 6.4 Erosion: buccal surfaces of right maxillary cuspid and first premolar tooth showing loss
of enamel. Both central and right lateral incisor teeth show white areas at their labial surfaces
indicating incipient decalcification but still maintaining their crystalline structure
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Fig. 6.5 Ground section showing molar
tooth with carious decay and pronounced
hypercementosis. Both roots are covered
with a thick cementum layer, most
pronounced in the apical area

Hypercementosis

During the lifetime of the teeth, continuous apposition of cementum on the root
surface causes a gradual increase of its thickness. This gradual increase in cemen-
tum may compensate for loss of tooth tissue at the occlusal surface due to physio-
logical 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 hypercementosis (Fig. 6.5). This cementum usually is of the
acellular type although sometimes cellular cementum resembling bone may also
occur. Hypercementosis may occur without any recognisable cause, but it can also
be seen in relationship with chronic periapical inflammation. Moreover, it occurs in
patients with Paget’s disease (Fig. 6.6) [2].
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Fig. 6.6 Panoramic radiograph showing dense cemental masses in contact with roots. Case of
Paget’s disease associated hypercementosis (Picture kindly provided by Dr. S. Kumar, Advanced
Periodontology, Ostrow School of Dentistry, University of Southern California, Los Angeles, USA)

Cementicles

Within the periodontal membrane, small, spherical 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 (Fig. 6.7a, b).

Secondary and Tertiary Dentin Formation

As already briefly alluded before 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 of the teeth, possibly due to the minor mechanical and
thermal injuries entangled 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 contains less tubuli than
primary dentin, and a basophilic 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 odonto-
blasts are injured. In tertiary dentin, the dental tubuli are greatly diminished in num-
ber and do not show the regular course from dental pulp to dentino-enamel junction.
Sometimes, it may even contain cellular inclusions (Fig. 6.8a, b). Its formation may
be considered a response of the pulp to injury aimed at protecting itself. It may also
occur in response to the dentist’s drilling and filling.
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Fig. 6.7 Periodontal ligament space showing presence of spherical basophilic structures repre-
senting 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 surrounded by cancellous bone (b)
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Fig. 6.8 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 off the dental pulp
temporarily against the advancing carious decay (b)
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Fig. 6.9 Schematic drawing
showing external root resorption
of deciduous teeth by underlying
permanent successor (Modified
from drawing by John A.M.

de Groot)

External Resorption

The dental hard tissues may be resorbed from their outside in which case one speaks
of external resorption. This is a physiological event responsible for the shedding of
the deciduous teeth (Fig. 6.9), but when occurring in association with the permanent
dentition, it may cause premature loss of the involved teeth. When the resorption
takes place at the walls of the dental pulp chamber, the condition is called internal
resorption. For discussion of this latter condition, see Chap. 8 on pulpal diseases.

External resorption may occur at the surface of teeth buried in the jaw that have
not erupted. It may also occur at the surface of erupted teeth, often as a late event
after trauma, reimplantation after traumatic evulsion, 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 resorp-
tion can further be defined according to the site affected as cervical, apical or
interradicular [3-7].
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In invasive cervical resorption, there is progressive loss of cementum and dentin
in the cervical tooth region with replacement by fibrovascular tissue derived from
the periodontal ligament, occasionally together with deposition of cementum-like
hard tissue that may be mistaken for a fibro-osseous lesion (Figs. 6.10a—c and
6.11a—c) [4].

In all cases of external resorption, the tooth is resorbed from the outside by osteo-
clastic (in fact odontoclastic) cells located in the periodontal ligament that at first
attack the root cementum and thereafter the root dentin. It may cause complete loss
of the entire dentition (Fig. 6.12a, b).

Fig.6.10 Panoramic radiograph showing external cervical resorption in mesial part of right man-
dibular molar (a). (b, ¢) Show cut surface of tooth and decalcified paraffin section. A cavity filled
with fibrous tissue has replaced both enamel and dentin
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Fig.6.10 (continued)

When examining teeth histologically, minute areas of root resorption subse-
quently repaired by cementum deposition can often be found (Fig. 6.13). 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.

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 consequent pulpitis
may ensue, thus jeopardising the vitality of the tooth pulp. In case of root fractures,
the fixation of the tooth in its socket may serve as splint. The fracture may heal by
fibrous union or by the deposition of a dentine-like material (Fig. 6.14a, b).
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Fig. 6.11 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, (c) detail
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Fig.6.12 Dental radiographs showing apical resorption: (a) maxillary incisor teeth, (b) maxillary
first premolar tooth

Fig. 6.13 Photomicrograph
showing minute areas of
resorption in the cementum
layer adjacent to the dentin
(lamellated basophilic)
subsequently repaired by a
covering of more eosinophilic
cementum
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Fig.6.14 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 ligament, cystic degeneration of an epithelial rest of Malassez is visible
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Pigmentations

Pigmentations of teeth may be due to the optical effect of disturbed enamel and/or
dentin formation as is the case with dentinogenesis imperfecta, dentinal dysplasia or
enamel hypocalcification. It may also be due to the uptake of coloured substances in
defective enamel as is the case in amelogenesis imperfecta. Illustrations of these
types of discoloration can be found in Chap. 5. It may also occur through colouring
agents taken up during tooth formation [8—10]. From this latter group, tetracycline
is a prominent member, and this topic will be discussed more extensively.

Tetracycline Discoloration

Through binding to calcium, tetracycline is deposited together with calcium in any
tissue undergoing mineralisation. After its incorporation during mineralisation, it
can be demonstrated in teeth and bones in ultraviolet light, showing up as fluorescent
yellow bands. Grossly, tetracycline causes a greyish-black discoloration of the tooth
crown (Fig. 6.15a—c). When making ground sections of these teeth, the tetracycline
bands can be observed under UV light illumination both in dentin and in enamel,
each band indicating a time point of tetracycline administration. After decalcification,

Fig. 6.15 Tetracycline 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
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Fig.6.15 (continued)

the tetracycline has been lost together with the calcium, and therefore, in decalcified
paraffin sections, this fluorescence is not present anymore.
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Disturbed Tooth Eruption

Tooth eruption comprises the movement of teeth through the soft tissues of the jaw
and the overlying mucosa into the oral cavity (Fig. 7.1) [1]. The involved biological
processes are not yet entirely elucidated, but the importance of the dental follicle
and its role in initiating eruption by regulating alveolar bone resorption and alveolar
bone formation has been firmly established [2]. 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 third molar teeth.

Ankylosis

Ankylosis represents fusion of either enamel, dentin or root cementum with adja-
cent alveolar bone (Fig. 7.2a—c). It may occur in impacted as well as in normally
erupted teeth. It may be the result of any condition in which the vitality of the nor-
mally present intervening periodontal ligament has been jeopardised. Sometimes,
ankylosis occurs in combination with external resorption. The role of the epithelial
rests of Malassez in preventing ankylosis has already been mentioned before (see
Chap. 1).

Premature Eruption

Both deciduous and permanent teeth may erupt into the oral cavity at a too early
age. Because 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 development may be
disturbed resulting in teeth with malformed and/or too short roots (Fig. 7.3).

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-Streiff syndrome (Fig. 7.4a, b) [3].
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Fig. 7.1 Schematic drawing showing movement of tooth germ through oral epithelium during
successive stages of eruption

Fig. 7.2 Continuity
between root surface
covering cementum and
bone of the alveolar socket
displayed in low- (a),
intermediate- (b) and
higher-power (c¢) view




Premature Eruption

Fig. 7.2 (continued)
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Fig. 7.3 Exfoliated immaturely erupted deciduous teeth. Their underdeveloped roots with wide
apices allow distinction from exfoliated deciduous teeth with narrow pulpal spaces that are shed
after external root resorption when physiologically replaced by their permanent successors

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

Local Conditions Causing Disturbed Eruption

Teeth may erupt at the wrong place or not at all if local conditions interfere with the
eruption pathway. Usually, these are diseases of the jaw bone or the overlying soft
tissues. Also, odontogenic tumours arising around the crown area of developing 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. Delayed eruption of the permanent

Fig. 7.4 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 root, only connected to the jaw bone by a fibrous stalk
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Fig. 7.5 Panoramic radiograph showing teeth 25 and 26 (left maxilla) to lie embedded in the jaw
and showing almost completely resorbed roots. Example of secondary impaction due to external
root resorption. In this case, root resorption appeared to be due to an intraosseous neoplastic pro-
cess (Picture kindly provided by Dr. J. Brouns, Oral and Maxillofacial Surgery, Rijnstate Hospital,
Arnhem, the Netherlands)

dentition due to hampered exfoliation of the deciduous teeth has been reported as a
feature of the hyper-IgE syndrome [4].

Secondary Impaction

Sometimes, after having erupted into the oral cavity, teeth may recede back into the
underlying tissues. This rare and poorly documented condition usually is seen in
association with external root resorption (Fig. 7.5). It should not be confused with
teeth that are buried within the soft tissues due to increase in size of the gingiva,
either idiopathic, for example, gingival fibromatosis, drug-induced or oedematous
due to a haematological malignancy. See for additional discussion of gingival
swellings Sect. “Gingival Hyperplasia”.
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Disorders of the Dental Pulp

Pulpal diseases may be either inflammatory or degenerative. Very rarely, jaw
tumours may grow through the apical foramen into the pulp space (Fig. 8.1a, b).

Pulp Stones, False and True (Denticles)

Denticles are calcified masses in the dental pulp. One discerns between true denti-
cles that have tubules 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 secondary or tertiary
dentin. Depending on this topographical relationship with the tooth, they are
classified as either free, attached or embedded (Fig. 8.2a, b).

In addition to calcifications in the form of denticles, the pulp may contain diffuse
calcifications, occurring as metaplastic ossification along collagen fibres or blood
vessels. Through merging of these calcifications with each other, large masses may
form (Fig. 8.3). They however lack the inner structure and circumscribed nature
shown by the true or false denticles.

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 hap-
hazardly in the enlarged pulp chamber, partly onto the pulp wall but also free (Fig. 8.4a—).
Functionally, this hard tissue deposition does not have any reparative 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.

P.J. Slootweg, Dental Pathology, 79
DOI 10.1007/978-3-642-36714-4_8, © Springer-Verlag Berlin Heidelberg 2013



80 8 Disorders of the Dental Pulp

Fig. 8.1 Squamous cell carcinoma invading the tooth pulp through the apical foramen shown in
low (a) and higher (b) magnification

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

Pulpitis

Mostly, pulpitis is due to caries, disappearance of the protective barrier of enamel
and dentin allowing bacteria to reach the dental pulp. Rarely, it is due to thermal or
mechanical trauma, either spontaneously occurring or due to dental treatment. Due
to its distinctive anatomical position within the tooth, the chances of the pulp to
overcome a bacterial infection are few. Oedema invariably connected with
inflammation will compress capillaries and veins, thus compromising the blood
supply of the pulp. Therefore, pulpitis usually results in pulp necrosis with periapi-
cal disease as outcome. A brief description of this latter condition will follow in
Sect. “Periapical Disease”.

Histologically, pulpitis does not show any differences from inflammatory
infiltrates found elsewhere in the body (Fig. 8.5). It may be classified as either acute,
subacute or chronic depending on the composition of the inflammatory infiltrate
(Fig. 8.6a). Sometimes, abscess formation may occur (Fig. 8.6b). The odontoblasts
that line the pulp chamber have usually disappeared. Areas of tertiary dentin may
still be observed as a memorial of their past activities to wall off the pulp against the
carious attack. Only in very mild inflammatory changes, the odontoblastic layer
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Fig. 8.2 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
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Fig. 8.3 The pulp may also contain amorphous calcified deposits. These are not real denticles

lining the pulpal wall may be preserved, in that case however usually showing
discontinuities and displacement of nuclei into the adjacent dentinal tubuli.
Underlying capillaries may show some dilatation.

Periapical Disease

Triggered by bacteria or their toxic products that diffuse through the apical foramen,
the periapical tissues respond by chronic inflammation and bone resorption. In this
way, a cavity is formed lying adjacent (Fig. 8.7a, b) to the root tip and filled with
granulation tissue, the so-called apical granuloma which on radiology is visible as a
periapical radiolucency (Fig. 8.8). Also, cell rests of Malassez lying in or in the
vicinity of the periapical area may show reactive proliferation leading to the forma-
tion of a cystic cavity, the radicular cyst (see Sect. “Radicular Cyst”). When the
noxious stimulus is removed by cleaning and filling the pulpal space, the inflammation
may subside and complete healing can occur. Sometimes, however, the granulation
tissue is not replaced by new periapical bone but by fibrosis with a few remaining
lymphocytes; in such instances, a periapical scar is formed. Occasionally, pulpal
remnants in the apical part of the root deposit a wall of poorly structured reparative
dentin, which, in particular, may occur in teeth that still have a wide apical foramen
(Fig. 8.9).
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Usually, it is only the jaw bone that is resorbed in case of periapical disease, the
root of the tooth being more resistant. That does not mean that roots of the teeth are
immune to resorption. This condition has already been described before (see Sect.
“External Resorption™).

Pulp Polyp

Usually, inflammation of the pulp results in pulp necrosis as inflammatory altera-
tions with their inherent oedema lead to increased tissue pressure in the pulp cham-
ber reducing its blood supply. Only in situations where pulp tissue is not enclosed
by the walls of the pulp chamber at each side inflamed pulp tissue may 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 adjacent buccal epithelium by the sharp
edges of the tooth cavity from which the polyp protrudes (Fig. 8.10a, b).

Fig. 8.4 In case of internal resorption, 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 bone with cellular inclusions
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Fig. 8.4 (continued)
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Fig. 8.5 Photomicrograph
showing pulp tissue densely
infiltrated by inflammatory
cells. Pulp walls show
covering with tertiary dentin
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Fig. 8.6 Photomicrograph showing chronic pulpal inflammation with reparative (tertiary) dentin
lining the pulpal wall and deep caries involving the entire thickness of the dentin (a) and causing
an abscess in the dental pulp (b)

Fig. 8.7 Photomicrograph showing periapical granuloma (a). In higher magnification (b), slight
external resorption of the root tip is shown
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Fig. 8.8 Dental radiograph
showing tooth with
unsuccessful endodontic
treatment resulting in a
periapical radiolucency
indicating bone loss due to
inflammation
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Fig.8.9 In an immature
tooth with wide apical
foramen, periapical tissues
may wall off a necrotic pulp
against vital periapical tissues
by depositing reparative
dentin and irregular calcified
material

Fig. 8.10 (a) Cut surface
showing soft tissue mass
protruding from pulp cavity.
(b) Histology shows
granulation tissue covered
with squamous epithelium
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Fig. 8.10 (continued)

Pulp Necrosis

Trauma may disrupt the neurovascular bundles to the pulp at the apical entry to the
pulp cavity. Subsequent ischemia leads to pulp necrosis. Haemolysis in necrotic
pulp tissue causes grey discoloration of the afflicted tooth by penetration of the
decomposed haemoglobin into the dentin tubules.
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Disorders of the Periodontal Tissues

Disorders of the periodontal tissues can be divided in 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 disease is charac-
terised by inflammation and breakdown of bone. Osseous dysplasia may be consid-
ered as a hamartoma of the periodontal tissues being composed of connective tissue,
bone and cementum. A lot of systemic disorders may have their impact on the peri-
odontal tissues [1]. Most of them do not result in histologic alterations that differ
from the common inflammatory changes, a few excluded such as haematological
malignancies, amyloidosis and Ehlers-Danlos syndrome [2].

Gingival Inflammation

Gingival inflammation usually is caused by accumulation 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 epithe-
lium 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 connective tissue, an
inflammatory infiltrate evolves that may be either acute, subacute or chronic
(Fig. 9.1a, b). In due time, the inflammation involves 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 that will be discussed in
section “Periodontitis”.
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Fig.9.1 Healthy gingival attachment (a) compared with gingival inflammation (b). In the normal
situation, the junctional epithelium 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 underlying stroma is densely infiltrated with lymphocytes and plasma cells

Gingival Hyperplasia

Gingival hyperplasia may be generalised in which case one speaks of gingival
fibromatosis (Fig. 9.2). It may also occur confined to a limited area of the jaw, then
it is called an epulis fibrosa (Fig. 9.3). In both cases, there is an increase in collag-
enous tissue with a varying cellularity. Due to the swelling of the gingival tissues,
tooth cleaning is hampered. Therefore, bacterial plaque accumulates in the cleft
between the tooth surface and the swollen gingival tissue. Therefore, the tissue fac-
ing 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. Generalised
gingival swellings due to an increase in fibrous tissue may be idiopathic but are also
quite often seen as a side effect of a lot of drugs as cyclosporine and phenytoin but
can also occur with other immunosuppressants or anticonvulsants, antibiotics and
oral contraceptives [3].

In fibrous 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 epulides as well as nests and strands
of odontogenic epithelium derived from the dental lamina.
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Fig. 9.2 Generalised gingival fibrous hyperplasia. The teeth are almost buried by the massive
fibrous gingival thickening

Fig. 9.3 Localised gingival fibrous hyperplasia. The lesion has caused displacement of the
adjacent teeth
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Fig.9.4 (a) Schematic drawing showing detachment of gingiva from tooth surface and downward
displacement of epithelial attachment (plaque accumulation in green). (b) Photomicrograph of
interdental gingiva that has moved apically to leave the root cementum on both bordering teeth
exposed to the oral cavity

Periodontitis

Periodontitis is the common sequel to chronic gingivitis and is recognised histologi-
cally by evidence of damage to the alveolar bone, associated with signs of chronic
inflammation. The bone of the alveolar crest shows resorption as demonstrated by
the presence of Howship’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 (Fig. 9.4a, b). Resorption of bone and
downward displacement of the epithelial attachment 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 cementum covering
the exposed root surface.
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Fig. 9.5 Osseous dysplasia:
hard tissue with
histomorphology intermediate
between bone and cementum
interposed between root surface
and jaw bone and causing
widening of the periodontal
ligament space

Osseous Dysplasia

Osseous dysplasia represents a pathologic process of unknown aetiology located in
the tooth-bearing jaw areas in the immediate vicinity of the tooth apices and thought
to arise as the result of a proliferation of periodontal ligament fibroblasts that may
deposit bone as well as cementum (Fig. 9.5). 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 material may
vary, and it has been shown that these lesions 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 appearance,
lesions in the tooth-bearing jaw area that may be either predominantly radiolucent,
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Fig. 9.6 Radiograph showing radiodense deposits surrounding apical root areas in mandible at
both sides. Picture of florid osseous dysplasia

predominantly radiodense or mixed. Osseous dysplasia lacks encapsulation or
demarcation but tends to merge with the adjacent cortical or medullary bone.

The several subtypes of osseous dysplasia are distinguished by clinical and
radiological features. When occurring in the anterior mandible and involving only a
few adjacent teeth, it is called periapical osseous dysplasia. A similar limited lesion
occurring in a posterior jaw quadrant is known as focal osseous dysplasia. Lesions
occurring bilaterally in the mandible or even involving all four jaw quadrants are
known as florid osseous dysplasia (Fig. 9.6) and familial gigantiform cementoma.
The former is nonexpansile, involves two or more jaw quadrants and occurs in mid-
dle-aged black females. The latter is expansile, involves multiple quadrants and
occurs at 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 dyspla-
sia and its relationship with other bone forming jaw lesions can be found in current
textbooks on head and neck pathology [4]. Radiologically, osseous dysplasia may
mimic Paget’s disease of the jaws, but in osseous dysplasia, the teeth lack the hyper-
cementosis as seen in Paget and discussed in section “Hypercementosis”.
Furthermore, in hypercementosis, there is no radiolucent rim between root surface
and radiodense jaw areas as there is in osseous dysplasia.

References

1. Jordan RC (2004) Diagnosis of periodontal manifestations of systemic diseases. Review.
Periodontol 2000 34:217-229

2. Slootweg PJ, Beemer FA (1986) Gingival fibrinoid deposits in Ehlers-Danlos syndrome. J Oral
Pathol 16:150-152


http://dx.doi.org/10.1007/978-3-642-36714-4_6

References 97

3. Bondon-Guitton E, Bagheri H, Montastruc JL (2012) Drug-induced gingival overgrowth:
a study in the French pharmacovigilance database. J Clin Periodontol 39:513-518

4. Slootweg PJ (2005) Osseous dysplasias. In: Barnes L, Eveson JW, Reichart P et al (eds) World
Health Organization classification of tumours. Pathology and genetics of head and neck tumours.
IARC Press, Lyon, p 323, Chapter 6: Odontogenic tumours



Odontogenic Cysts 1 0

Cysts of the jaws are classified in several categories depending on histogenesis and
aetiology. Those that arise from odontogenic epithelium are called odontogenic,
those that have their source in other epithelial structures are known as non-
odontogenic [1]. The latter will not be discussed here. Within the odontogenic cysts,
one discerns between developmental and inflammatory.

Odontogenic Cysts: Inflammatory
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. 10.1, 10.2 and 10.3). They arise
from the epithelial rests of Malassez and develop when pulpal inflammation has led
to the formation of a periapical granuloma. Remnants of Hertwig’s epithelial root
sheath lying within this granuloma may proliferate due to the inflammatory stimu-
lus and through subsequent liquefaction necrosis in the centre of these enlarged
epithelial nests, a fluid-filled cyst with an epithelial lining forms (Fig. 10.4a, b).

Radicular cysts are lined by non-keratinising squamous epithelium. This epithe-
lial lining may be thin and atrophic, but, especially in case of inflammatory 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 various sizes and
shapes may be present (Fig. 10.5a—c). The specific nature of these so-called Rushton
bodies is unclear [2]. Sometimes, they may be confused with the intraepithelial
ghost cells that are found in the calcifying odontogenic cyst (see Sect. “Calcifying
Odontogenic Cyst”). 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 (Fig. 10.6a, b) [3]
(see Sect. “Squamous Odontogenic Tumour™).
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Fig. 10.1 Schematic
drawing to illustrate
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

Fig. 10.2 Panoramic radiograph showing periapical radiolucencies in right and left mandible
premolar area due to radicular cysts

The histologic appearance of the radicular cyst is rather unspecific. The same
pattern may be shown by other jaw cysts, especially the dentigerous cyst, in particu-
lar when the picture is dominated 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.

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
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Fig. 10.3 Gross view of radicular cyst. Thick-walled cyst at the apex of a bisected tooth

lie in a lateral position. Tooth extraction or apical resection with curettage of the
periapex usually is adequate treatment.

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 ensu-
ing epithelial proliferation 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.

Paradental Cyst

Paradental cysts are located at the lateral side of the tooth at the border between
enamel and root cementum (Fig. 10.7). They are secondary to an inflammatory pro-
cess in the adjacent periodontal tissues that induces proliferation of neighbouring
odontogenic epithelial rests, similar to the pathogenesis of the radicular cyst [4].
Histologically, they resemble the other inflammatory odontogenic cysts, the distinc-
tion 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 [5].
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Fig.10.4 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
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Fig. 10.5 Various appearances of Rushton bodies in epithelial lining of radicular cysts. (a) Rod-like,
(b and ¢) More or less organised concentrically lamellated bodies
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Fig. 10.5 (continued)

Treatment consists of excision with or without concomitant extraction of the
involved tooth [6, 7].

Odontogenic Cysts: Developmental
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. 10.8).

Dentigerous cysts are quite common. In larger series [5], they comprise almost
17 % of all cases, only surpassed by radicular cysts. In most instances, they are
associated with the maxillary canine or the mandibular third molar tooth.

Dentigerous cysts probably develop by accumulation of fluid between the
reduced enamel epithelium and the crown surface or between the layers of the
enamel epithelium itself [8]. So, in contrast with the inflammatory cysts, no epithe-
lial proliferation is needed to form this cyst.

When removed in toto, one sees a bag from which the root part of the involved
tooth protrudes (Fig. 10.9). Opening of the bag discloses the crown of the tooth, the
cyst bag forming a 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
macroscopic features can be recognised.
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Fig. 10.6 Intramural epithelial proliferation in wall of radicular cyst. (a) Overview and (b) Detail.
This may mimic squamous odontogenic tumour
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Fig. 10.7 Gross appearance
of paradental cyst. Cystic
cavity lying lateral to root
surface

Fig. 10.8 Radiograph showing dentigerous cyst. In the right mandible, an impacted tooth can be
seen to be surrounded by a unilocular radiolucency

Histologically, the cyst wall has a thin epithelial lining that may be only two to
three cells thick and which resembles the reduced enamel epithelium (Fig. 10.10a).
Sometimes, the original columnar shape of the cells, the inner enamel epithelium,
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Fig. 10.9 Gross appearance
of dentigerous cyst: tooth
crown surrounded by
thin-walled cyst that is
attached to the neck of the
involved tooth

can still be recognised (Fig. 10.10b). In case of inflammation, the epithelium
becomes thicker and will show features similar to the lining of a radicular cyst
(Fig. 10.10c). Also, mucous-producing cells as well as ciliated cells may be observed
(Fig. 10.10d). 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
involved 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 junction
(Fig. 10.11).

Radiologically, a lot of jaw diseases associated with unerupted teeth may show an
appearance similar to the one shown by a dentigerous cyst. Histologic examination
however will be decisive in ruling out these possibilities, among which keratocystic
odontogenic tumour and unicystic ameloblastoma (see Sects. “Ameloblastoma” and
“Keratocystic Odontogenic Tumour”) are the most prevailing. Moreover, the radio-
logic picture of the dentigerous cyst may be mimicked by hyperplasia of the dental
follicle, the connective tissue capsule that surrounds the unerupted tooth. This diag-
nostic 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 sur-
rounding the crown of the unerupted tooth [9].
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Fig. 10.10 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 to the columnar cells of the inner enamel epithelium. (¢) Non-keratinised squamous
epithelium usually occurring if there is an inflammatory infiltrate in the underlying stroma.
(d) Mucous cells lying between squamous cells
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Fig. 10.10 (continued)
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Fig. 10.11 Dentigerous cyst wall attached to the root surface at the level of the cemento-enamel
junction (left side)

Fibromyxomatous areas in the connective tissue wall of the dentigerous cyst may
resemble odontogenic myxoma (see Sect. “Odontogenic Myxoma”). Presence of
odontogenic epithelial rests may lead to the erroneous diagnosis of one or another
type of epithelial odontogenic tumour [10]. 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 allow making the correct diagnosis: a radiolucent lesion 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 radio-
graphs. Only when excessively large, they may cause swelling of the involved part
of the jaw. In case of inflammation, 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 dentigerous cyst located in the gingival soft
tissues overlying the crown of an erupting tooth. Clinically, they appear as blue-
stained blisters of the oral mucosa, the blood-stained cyst content being visible
through the thin membrane separating cyst content from oral cavity (Fig. 10.12).
Mostly, these cysts are short-living, rupturing with progressive eruption of the asso-
ciated tooth. Histologically, these cysts are lined by squamous epithelium that is
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Fig. 10.12 Eruption cyst shimmering blue through its thin covering membrane

thickened due to inflammatory changes in the underlying connective tissue and thus
similar to the lining of a radicular cyst.

Lateral Periodontal Cyst

Lateral periodontal cysts occur at the lateral aspect or between the roots of vital
teeth (Fig. 10.13). They arise from odontogenic epithelial remnants: fragments of
the dental lamina, reduced enamel epithelium or rests of Malassez [11]. Inflammation
does not play a role in their development.

The cyst is lined by a thin, non-keratinising squamous or cuboidal epithelium
with a thickness varying from one to five cell layers. Its most typical feature is focal,
plaque-like thickenings that consist of clear cells that may contain glycogen
(Fig. 10.14) [12]. 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 radicular 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 histology of the lateral peri-
odontal cyst will allow separation from the radicular cyst. The same histology serves
to distinguish the lateral periodontal cyst from other cystic or solid lesions that may
manifest themselves as paradental radiolucencies.
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Fig. 10.13 Interradicular
radiolucency is typical for
lateral periodontal cysts

Fig. 10.14 Lateral periodontal cyst showing cuboidal epithelium thickening to form a plaque
composed of clear cells

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

The botryoid odontogenic cyst represents a multilocular form of the lateral
periodontal cyst characterised by multiple cysts, squamous cuboidal epithelium
consisting of two or three layers and focal epithelial plaques.

Only a limited number of cases of this entity have been reported. Treatment by
curettage is the most appropriate therapy but recurrences up to 40 % may occur,
sometimes after a long time interval [13—15].

Glandular Odontogenic Cyst

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

The lesion is very rare, accounting for only 0.04 % in a large series of jaw cysts [17].

The lining epithelium partly consists of non-keratinising squamous epithelium of
varying thickness with focal thickenings similar to the plaques in the lateral peri-
odontal cyst and the botryoid odontogenic cyst. This stratified epithelium may have
a surface layer of eosinophilic cuboidal or columnar cells that can have cilia and
sometimes form papillary projections. 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 epithelium shows areas of increased
thickness in which glandular spaces formed that may be lined by the various above-
mentioned cell types (Fig. 10.15a, 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 a lot of other jaw cysts, in
particular in the dentigerous cyst. So in the absence of the other histologic features,
their mere presence should not lead to the diagnosis of glandular odontogenic cyst.

Mucoepidermoid carcinoma is the major alternative that should be considered.
The combination of non-keratinising squamous epithelium and mucus-producing
cells also characterises this salivary gland neoplasm that may occur intraosseously
[18-21]. 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 commonly affects the body of the mandi-
ble, and the most prominent symptom is painless swelling. Treatment may be con-
servative, but recurrence may occur [20, 21].

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 replacing a tooth. Later, the term was also employed to define the
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Fig. 10.15 Sialo-odontogenic cyst. (a) Overview showing epithelial lining containing ductal
lumina. (b) Higher magnification to show some whorling of the epithelium and the low columnar
nature of the most superficial epithelial layer
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lesion formerly called odontogenic keratocyst but currently known as keratocystic
odontogenic tumour [22] (see Sect. “Keratocystic Odontogenic Tumour™).

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. Gingival cysts of adults are
rarely larger than 1 cm. They may be multiple. Possibly, they arise from dental lam-
ina rests. Histologically, they are lined by thin epithelium of one to three cell layers.
This epithelium may also be thicker and exhibit keratinisation. Plaques similar to
those occurring in the lateral periodontal cyst may be seen (Fig. 10.16a, b) [23].
Possibly, both lesions are the same, only differing in location.

Gingival cysts of infants occur either single or multiple on the edentulous alveo-
lar ridge of the newborn infant. When occurring at 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 [24, 25]. Historically, Epstein’s
pearls and Bohn’s nodules are terms that have been used for these lesions.

Fig.10.16 Gingival cyst. (a) Low-power view to show relationship between cyst lumen and over-
lying 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


http://dx.doi.org/10.1007/978-3-642-36714-4_11

116 10 Odontogenic Cysts

e 4
: " -
"/c;co-u& v’ i

| # :“ ol ’
Tees

Fig. 10.16 (continued)
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Odontogenic tumours comprise a group of lesions that have in common that they
arise from the odontogenic tissue. They develop from the epithelial part of the tooth
germ, the ectomesenchymal part or from both. Their behaviour varies from frankly
neoplastic, including metastatic potential, to non-neoplastic hamartomatous. Some
of them may recapitulate normal tooth development including the formation of den-
tal hard tissues such as enamel, dentin and cementum [1-3].

Odontogenic Tumours: Epithelial

Epithelial odontogenic tumours are supposed to be derived from odontogenic epi-
thelium: 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.

Ameloblastoma

Ameloblastomas closely resemble the epithelial part of the tooth germ. They behave
aggressively locally, causing a large irregular bone cavity on radiographic examina-
tion, but do not metastasise (Fig. 11.1a, b). It is the most common odontogenic
tumour [4].

Ameloblastomas consist of either anastomosing epithelial strands and fields
or discrete epithelial islands. The former pattern is called the plexiform type, the
other the follicular (Fig. 11.1c, d). Both may occur within one and the same lesion.
The peripheral cells at the border with the adjacent fibrous stroma are columnar
with nuclei usually in the apical half of the cell body away from the basement
membrane. The cells lying more centrally are fusiform to polyhedral and loosely
connected to each other through cytoplasmic extensions. At the periphery of the
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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 per-
forated, the periosteum in particular forming a barrier [5]. Spread into soft tissues
is highly unusual; a tumour combining this feature with an ameloblastic appear-
ance probably is an ameloblastic carcinoma (see Sect. “Ameloblastic Carcinoma”).
Mitotic figures may occur within the peripheral columnar as well as in the stellate

Fig.11.1 (a) Panoramic radiograph showing large and ill-defined radiolucency in right mandible.
(b) Cut surface showing gross appearance of ameloblastoma. Note destruction of jaw bone and
external resorption of the involved tooth roots. Photomicrograph showing plexiform (c) and folli-
cular (d) type ameloblastoma. Especially the epithelial nests in the follicular type show close simi-
larity to the enamel organ of the tooth germ in the cap and bell stage. Compare with Fig. 1.3
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Fig. 11.1 (continued)

reticulum-like cells (Fig. 11.2). In the absence of cytonuclear atypia and with a
normal configuration, they are without prognostic significance.

Acanthomatous and granular cell type ameloblastoma are variants of folli-
cular ameloblastoma with squamous metaplasia and granular cells, respectively.



122 11 Odontogenic Tumours

Fig. 11.2 Mitotic activity in an ameloblastoma without cytonuclear atypia. This feature should
not be interpreted to indicate malignancy

If keratinisation is abundant, leading to large cavities filled with keratin, lesions are
called keratoameloblastoma. In these tumours, acantholysis may lead to a pseudo-
papillary lining that characterises the variant called papilliferous keratoameloblas-
toma. The basal cell (basaloid) ameloblastoma is composed of nests of basaloid
cells with a peripheral rim of cuboidal cells and does not display a well-developed,
loose oedematous centre. Desmoplastic ameloblastoma 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 peripheral rim of
dark-staining cuboidal cells and a compact centre in which spindle-shaped epithelial
cells assume a whorling pattern may be discerned (Fig. 11.3). Within the stromal
component, active bone formation can be observed. Unicystic ameloblastoma rep-
resents a cyst that is lined by ameloblastomatous epithelium [4]. This epithelium
may proliferate to form intraluminal 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 intramural
epithelial nests [4]. Inflammatory alterations may obscure the specific histologic
details to such an extent that none are left. Unicystic ameloblastomas in which the
ameloblastomatous epithelium 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
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Fig. 11.3 In desmoplastic ameloblastoma, the resemblance of the epithelial component to the
enamel organ is less obvious

cyst wall. The latter have to be treated in the same way as the conventional solid
and multicystic ameloblastomas and require removal including a rim of surrounding
tissues (Fig. 11.4a—e).

Epithelial nests resembling ameloblastoma may be found in ameloblastic
fibromas and calcifying odontogenic cysts, lesions to be discussed under the appro-
priate headings (see Sects. “Ameloblastic Fibroma” and “Calcifying Odontogenic
Cyst”). Also, epithelial nests in the dental follicle that surrounds an impacted tooth
and in the wall of odontogenic cysts may mimic ameloblastoma [6-8].

Sometimes, ameloblastomas present themselves as soft tissue swellings occur-
ring 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.

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 frequently contain concentrically lamellated calcifications.
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The stroma contains eosinophilic material that stains like amyloid (Fig. 11.5a, b).
Also, stromal deposits of bone and cementum may occur. 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. 11.6)

Fig. 11.4 (a) Radiograph showing radiolucency with scalloped outline in left mandible, after his-
tological examination diagnosed as unicystic ameloblastoma. (b) Epithelial lining showing basal
palisading and oedema in the more superficial epithelium thus resembling stellate reticulum. (c)
Occasionally, the oedema is extensive and causes separation between basal and more superficial
epithelium. (d) In case of squamous metaplasia, basal hyperchromasia may be the only clue for
diagnosing unicystic ameloblastoma. (e) In case of intramural epithelial proliferation, an apparently
unicystic ameloblastoma should be treated more aggressively like a conventional ameloblastoma
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Fig. 11.4 (continued)



126 11 Odontogenic Tumours

Fig. 11.4 (continued)

Adenomatoid Odontogenic Tumour

Grossly, the adenomatoid odontogenic tumour is a cyst that embraces the crown of
the involved tooth (Fig. 11.7a, b). The lesion consists of two different cell popula-
tions: spindle-shaped and columnar. The spindle-shaped cells form whorled nodules
that may contain droplets of eosinophilic material. A lattice of thin epithelial strands
usually connects these nodules to each other. The columnar cells line duct-like
spaces with a lumen either empty or containing eosinophilic material and may form
curvilinear opposing rows with interposed eosinophilic material (Fig. 11.8a, b). In
the stroma, there are large aggregates of eosinophilic hyaline material, which is
judged to be either a dysplastic form of dentin, cementum or a metaplastic reaction
of the stromal tissue. Also, concentrically lamellated calcified bodies similar to
those seen in calcifying epithelial odontogenic tumours may occur. In some ade-
nomatoid odontogenic tumours, areas of eosinophilic cells with well-defined cell
boundaries and prominent intercellular bridges similar to those observed in the cal-
cifying epithelial odontogenic tumour are seen. They do not influence the biologic
behaviour of this tumour and are considered to be part of its histologic spectrum.

Squamous Odontogenic Tumour
Squamous odontogenic tumour is composed of islands of well-differentiated

squamous epithelium surrounded by mature fibrous connective tissue. There is
no cellular atypia. There is spinous differentiation with well-defined intercellular
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Fig. 11.5 Calcifying epithelial odontogenic tumour. Nuclear pleomorphism is clearly displayed
(a). Note also the concentrically lamellated calcified particles (b)

bridges, but keratinisation is unusual. In the epithelial islands, cystic degeneration
and calcification may occur (Fig. 11.9). Invasion into cancellous bone may be present.
The absence of cytonuclear atypia rules out well-differentiated squamous cell car-
cinoma, and the absence of peripheral palisading of columnar cells excludes amelo-
blastoma as alternative diagnosis. Sometimes, intramural epithelial proliferation in
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Fig.11.6 Cut surface of jaw specimen with calcifying epithelial odontogenic tumour. The tumour
surrounds an impacted tooth and is not encapsulated

jaw cysts may simulate squamous odontogenic tumour (see Sect. “Radicular Cyst”).
The lesion may cause loosening of the teeth involved.

Keratocystic Odontogenic Tumour

Keratocystic odontogenic tumour is more universally known as odontogenic kera-
tocyst but now renamed as there is sufficient evidence that this lesion actually rep-
resents a cystic neoplasm [9]. This lesion shows a thin connective tissue wall lined
by stratified squamous epithelium with a well-defined basal layer of palisading
columnar or cuboidal cells and with a superficial corrugated layer of parakeratin.
Mitotic figures can be identified in parabasilar and midspinous areas. The under-
lying cyst wall may contain tiny daughter cysts and solid epithelial nests. Also,
epithelial proliferations similar to ameloblastoma have been reported. When exten-
sively inflamed, this lesion loses its typical histologic features, then only showing
a non-keratinising stratified epithelium exhibiting spongiosis and elongated rete
pegs supported by a connective tissue containing a mixed inflammatory infiltrate
(Fig. 11.10a—c). Multiple keratocystic odontogenic tumours occur within the con-
text of the nevoid basal cell carcinoma syndrome [10].

Odontogenic Tumours: Mesenchymal

Mesenchymal odontogenic tumours are derived from the ectomesenchymal part of
the tissues that participate in the development of teeth and periodontal tissues.
Odontogenic epithelial rests may be part of the histologic picture they show, but


http://dx.doi.org/10.1007/978-3-642-36714-4_10

Odontogenic Tumours: Mesenchymal 129

Fig. 11.7 (a) Clinical appearance of adenomatoid odontogenic tumour. Cystic swelling occupies
the jaw area where an incisor tooth should be present. (b) Radiographs showing large cystic lesion
with displaced teeth

represent only structures fortuitously engulfed by tumour tissue. They have no neo-
plastic or inductive potential.
Odontogenic Myxoma

Odontogenic myxomas are radiolucent lesions with an irregular outline (Fig. 11.11).
They consist of rather monotonous cells with multipolar or bipolar slender
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Fig. 11.8 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)

cytoplasmic extensions that lie in a myxoid stroma. Nuclei vary from round to
fusiform in appearance. Binucleated cells and mitotic figures are present, but scarce.
Occasionally, the lesion contains odontogenic epithelial rests. They are a fortuitous
finding without any diagnostic or prognostic significance. The lesion spreads into
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Fig. 11.9 Squamous odontogenic tumour consists of well-differentiated epithelial nests exhibit-
ing squamous differentiation and calcification. Peripheral palisading indicative of ameloblastoma
is lacking as is cytonuclear atypia seen in squamous cell carcinoma

the jaw bone without any encapsulation, thereby engulfing neighbouring cancellous
bone (Fig. 11.12a—c).

Myxoma may be mimicked by dental follicle and dental papilla. Both contain
myxoid areas [6-8, 11]. Dental papilla tissue can be distinguished from myxoma by
the presence of a peripheral layer of columnar odontoblasts. For both dental papilla
and dental follicle, clinical and radiographic data are decisive in avoiding misinter-
pretation of myxomatous tissue in jaw specimens: in the first case, a tooth germ lies
in the jaw area from which the submitted tissue has been taken, whereas in the sec-
ond case, the tissue sample covered the crown area of an impacted tooth. This item
will be discussed more extensively in Chap. 12.

Odontogenic Fibroma

Odontogenic fibroma is a controversial entity. Uncertainty exists about the broad-
ness of histologic spectrum that these lesions may show and about its distinction
from other fibrous jaw lesions [4]. The lesion is seen within the jaw as well as in the
gingiva (Fig. 11.13a). Odontogenic fibroma consists of fibroblasts lying in a back-
ground of myxoid material intermingled with collagen fibres that may vary from
delicate to coarse (Fig. 11.13b). Odontogenic epithelium, either scarce or abundant,
may occur. Only rarely is the epithelial component so conspicuous that differentia-
tion between odontogenic fibroma and ameloblastoma may be difficult.
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This histologic spectrum may expand to include cell-rich myxoid areas, a greater
epithelial component and varying amounts of amorphous calcified globules or min-
eralised collagenous matrix. Tumours with this more variegated histology have been
referred to as complex odontogenic fibroma or WHO type odontogenic fibroma.
Odontogenic fibroma may also contain granular cells. These lesions have been
called granular cell odontogenic fibromas or, alternatively, granular cell ameloblastic

Fig.11.10 Keratocystic odontogenic tumour. (a) Radiograph showing extensive bone loss in left
mandible. (b) Slice from same case as shown in (Fig. 11.10a) to illustrate the way the lesion has
hollowed out the mandible. (¢) Photomicrograph showing cyst lining typically composed of
columnar basal cells and a corrugated parakeratinising surface
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Fig.11.11 Panoramic radiograph showing large and ill-defined radiolucency in left mandible due
to myxoma

fibromas. This tumour, however, could also represent a unique entity: central
odontogenic granular cell tumour [12].

All histologic features shown by odontogenic fibroma may also be displayed by
the dental follicle [6, 13]. In these cases, the radiographic appearance of the lesion,
a small radiolucent rim surrounding the crown of a tooth buried within the jaw, will
make the distinction (see also Chap. 12).
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Fig. 11.12 Gross view (a) and low- (b) and intermediate- (¢) power view of myxoma. The lesion
is composed of myxoid material engulfing cancellous jaw bone
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Fig. 11.13 (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 noteworthy features as shown in (b)
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Fig. 11.14 Radiograph of cementoblastoma: radiodense mass attached to the partly resorbed
roots of the left first mandibular molar tooth

Cementoblastoma

Cementoblastomas are heavily mineralised cementum masses connected to the
apical root part of a tooth (Figs. 11.14 and 11.15). They are composed of a vascular,
loose-textured fibrous tissue that surrounds coarse trabeculae of basophilic minera-
lised material bordered by plump cells with ample cytoplasm and large but not
atypical nuclei. Mitotic figures are rare. At the periphery, the mineralised material
may form radiating spikes. Also, osteoclastic giant cells form part of the histologic
spectrum. The hard tissue component is 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. 11.16)

Odontogenic Tumours: Mixed Epithelial and Mesenchymal

Mixed odontogenic tumours are composed of both epithelial-derived and mesen-
chymal-derived tissues. These tumours recapitulate tissue proliferation and differ-
entiation as seen in the developing 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 [1].
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Fig. 11.15 Slices from a maxillary cementoblastoma. The hard tissue mass is connected to the
roots of several maxillary teeth that show external resorption

Fig. 11.16 Low-power view
of a cementoblastoma. The
cementum-like material is
continuous with the tooth
roots that are partly resorbed
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Fig. 11.17 Ameloblastic fibroma recapitulates the bud stage of the tooth germ. Epithelial strands
forming buds containing palisading cylindrical cells at their periphery lie in a myxoid connective
tissue similar to the mesenchymal cell condensation forming the presumptive dental papilla

Ameloblastic Fibroma

Ameloblastic fibroma lacks a hard tissue component, only displaying soft tissues
similar to those found in the immature tooth germ. The epithelial part of ameloblas-
tic fibroma consists of branching 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. 11.17). Mitotic figures, either in epithelium or mesenchyme, are
extremely rare; when easily found, they should raise concern about the benign
nature of the case. Ameloblastic fibroma may contain granular cells. Whether these
lesions should be called granular cell ameloblastic fibroma or granular cell odon-
togenic fibroma is controversial [12].

The epithelial component of ameloblastic fibroma closely resembles that of
ameloblastoma. The stromal component, however, is entirely different: in amelo-
blastoma, it is mature fibrous connective tissue, whereas in the ameloblastic fibroma,
it is immature, embryonic, cell-rich myxoid tissue. Areas similar to ameloblastic
fibroma may also be observed in the hyperplastic dental follicle [6-8]. The radio-
graphic appearance makes the distinction, a radiolucent rim surrounding an
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Fig.11.18 Ameloblastic fibro-odontoma combines soft tissue component of ameloblastic fibroma
with cell differentiation recapitulating the bell stage of the tooth germ with formation of dentin
and enamel

unerupted tooth in the case of a dental follicle and an expansive radiolucent jaw
lesion in the case of an ameloblastic fibroma.

Ameloblastic Fibro-Odontoma

Ameloblastic fibro-odontomas are lesions that combine a soft tissue component,
similar to ameloblastic fibroma, with the presence of dentin and enamel. In rare cases,
only dentin is formed; those tumours are called ameloblastic fibrodentinoma [1].

The soft tissue component is identical to that of ameloblastic fibroma. Dentin
may be formed either as eosinophilic mineralised material containing tubuli, just as
in normal teeth, but it may also form as a 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 epithelium and dentin by columnar epithelial cells that have reached
their terminal differentiation as ameloblasts. The dental hard tissues are arranged
haphazardly without any reminiscence of the orderly structure characterising nor-
mal teeth (Fig. 11.18).

Hyperplastic dental follicles may also show focal areas with the appearance of
ameloblastic fibro-odontoma. Differential diagnostic considerations are the same as
those as already mentioned. Ameloblastic fibro-odontomas can be distinguished from
ameloblastomas by the presence of cellular myxoid tissue and of dentin and enamel.
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Odontoma: Complex Type

Complex odontomas consist of a usually well-delineated mass of dental hard tissues
in a haphazard arrangement. The bulk of the lesion consists of dentin recognisable
by the presence of tubuli. Enamel plays a minor role, usually confined to small rims
in cavities in the dentin mass (Fig. 11.19a—e). The stroma consists of mature fibrous
connective tissue. Sometimes, odontomas may contain areas identical to the calcify-
ing odontogenic cyst including ghost cells [14, 15]. Odontoma-like structures may
also occur in the hyperplastic dental follicle (see Chap. 12). Not yet completely
matured complex odontomas may display the same medley of soft and hard odon-
togenic tissues as shown by ameloblastic fibro-odontoma, but usually, the hard tis-
sues dominate 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 overlapping features. Some lesions that are
composed of dental hard and soft tissues are reported under the label adenomatoid
odontogenic hamartoma or adenomatoid dentinoma [16]. Whether they deserve a
separate designation or that they are a variant of complex odontomas is in my opin-
ion unsettled.

Odontoma: Compound Type

Compound odontoma is a malformation consisting of tiny teeth that may vary in
number from only a few to numerous (Fig. 11.20). These teeth do not resemble
the normal teeth but are usually cone shaped. Histologically, they show the normal
arrangement of centrally placed fibrovascular pulp tissue surrounded by dentin
with an outer surface covered by enamel in the crown area and cementum in the
root part.

Odonto-Ameloblastoma

Odonto-ameloblastoma is a very rare neoplasm that combines the features of amelo-
blastoma and odontoma, including the presence of enamel and dentin [4].

Calcifying Odontogenic Cyst

In its most simple form, calcifying odontogenic cyst is a cavity with a fibrous wall
and an epithelial lining. This epithelial lining closely mimics that seen in unicystic
ameloblastoma, but, in addition, there are intraepithelial eosinophilic ghost cells
lacking nuclei that may undergo calcification. Ghost cell masses may also herniate
through the basal lamina to reach the underlying stroma where they can act as for-
eign material and evoke a giant cell reaction (Fig. 11.21a, b). In the fibrous stroma
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Fig.11.19 Complex odontoma. (a) Radiograph showing calcified tissue mass coronally to a tooth
germ. It is understandable that this condition will hamper normal tooth eruption. (b) Cut surface
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 reminiscence to a tooth. (d) Micrograph showing dentin mass with cavities in which
remnants of enamel matrix can be seen. (e) Detail from (¢) shows 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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Fig. 11.19 (continued)
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Fig. 11.19 (continued)

Fig.11.20 Compound
odontoma. Radiograph showing
the admixture of structures
recognisable as tiny teeth
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Fig.11.21 Calcifying odontogenic cyst (calcifying cystic odontogenic tumour) showing cyst lin-
ing similar to ameloblastoma but also containing ghost cells. Ghost cells may form a minor com-
ponent (a) or extensive masses protruding into the stroma and evoking a giant cell reaction (b)
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adjacent to the basal epithelial cells, homogenous eosinophilic material resembling
dentin may be found in varying amounts. Dentin-like material and ghost cells
together may form mixed aggregates. To this simple unicystic structure, other fea-
tures may be added, thus creating different subtypes with different names.

The proliferative calcifying odontogenic cyst shows multiple intramural daugh-
ter cysts with an epithelial lining similar to the main cyst cavity. The solid (neoplas-
tic) 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 odontogenic tumour. This lesion
combines the morphology of an ameloblastoma with intraepithelial and stromal
ghost cells with a dentin-like material. The most recent WHO classification pro-
poses the diagnostic designations calcifying cystic odontogenic tumour and dentino-
genic ghost cell tumour to discern between the cystic and the solid lesion.
Also, calcifying odontogenic cysts may occur in association with other odontogenic
tumours, in most instances ameloblastoma and odontoma (Fig. 11.22a, b)
[14, 15, 17, 18]. Ghost cells, either intraepithelially or in the stroma, allow the dis-
tinction between calcifying odontogenic cyst and ameloblastoma. The solid variant
of calcifying odontogenic cyst is similar to craniopharyngioma [19].

Odontogenic Tumours: Malignant

Both odontogenic epithelium as well as odontogenic mesenchyme may show neo-
plastic degeneration, resulting in either odontogenic carcinomas or odontogenic
sarcomas [5]. All entities to be mentioned show the clinical presentation and course
as well as the radiographic appearance of an intraosseous malignant tumour.

Malignant Ameloblastoma

Malignant (metastasising) ameloblastoma is an ameloblastoma that metastasises in
spite of an innocuous histologic appearance. The primary tumour shows no specific
features that are different from ameloblastomas that do not metastasise. Therefore,
this diagnosis can only be made in retrospect, after the occurrence of metastatic
deposits (Fig. 11.23). It is thus clinical behaviour and not histology that justifies a
diagnosis of malignant ameloblastoma [5].

Ameloblastic Carcinoma

Ameloblastic carcinoma is characterised by cells that, although mimicking the
architectural pattern of ameloblastoma, exhibit pronounced cytological atypia and
mitotic activity, thus allowing the distinction between ameloblastic carcinoma and
ameloblastoma (Fig. 11.24). Metastatic lesions are described in the lungs and in the
lymph nodes.
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Fig. 11.22 Calcifying odontogenic cyst in combination with immature complex odontoma.
Ameloblastic epithelium containing ghost cells (a) and immature odontogenic tissues with deposi-
tion of enamel and dentin (b) are present

Primary Intraosseous Carcinoma

Primary intraosseous carcinoma is a squamous cell carcinoma arising within the
jaw, having no initial connection with the oral mucosa and presumably developing
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Fig. 11.24 Ameloblastic carcinoma combining islands with peripheral cylindrical cells as in
ameloblastoma with cytonuclear atypia indicating malignancy
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from residues of the odontogenic 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 tissue of origin [5].

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 eosino-
philic cytoplasm (Fig. 11.25a—c). Because of the presence of the latter, there is some
overlap with the recently described sclerosing odontogenic carcinoma, a tumour
that is characterised by thin cords and small nests of cuboidal or polygonal cells and
a prominent sclerotic stroma that may exhibit extensive bone deposition [20, 21].

Ghost Cell Odontogenic Carcinoma

Ghost cell odontogenic carcinoma, also called malignant epithelial odontogenic
ghost cell tumour; is a tumour that combines the elements of a benign calcifying
odontogenic cyst with a malignant epithelial component (Fig. 11.26a, b). Only a
few cases of this tumour have been reported, thus precluding any conclusions
regarding clinicopathologic features. The tumour apparently arises most often from
malignant transformation of a pre-existing benign calcifying odontogenic cyst.

Odontogenic Sarcoma

The WHO discerns between ameloblastic fibrosarcoma, ameloblastic fibrodentino-
and fibro-odontosarcoma and odontogenic carcinosarcoma [4]. The ameloblastic
fibrosarcoma consists of malignant connective tissue admixed with epithelium similar
to that seen in an ameloblastoma or ameloblastic fibroma. If there is also dentin, this is
known as an ameloblastic fibrodentinosarcoma, and if there is also enamel, it is called
ameloblastic fibro-odontosarcoma. This subclassification has no prognostic significance
[5]. Those extremely rare lesions that combine carcinomatous and sarcomatous ele-
ments, but are recognisable as odontogenic through their epithelial component resem-
bling ameloblastic carcinomas, have been called odontogenic carcinosarcoma or
odontogenic carcinoma with sarcomatous proliferation (Fig. 11.27).

Melanotic Neuroectodermal Tumour of Infancy

Melanotic neuroectodermal tumour of infancy is a neoplasm that most com-
monly affects the maxilla of infants during the first year of life. The origin of the
tumour is the neural crest, and hence, this tumour is classified among the odon-
togenic tumours as they are also neural crest derived as far as their mesenchymal
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component concerns. Microscopically, the tumour is composed of large polygonal
pigmented epithelioid cells resembling melanocytes and smaller neuroblast-like
round cells (Fig. 11.28a—c). The stroma varies in cellularity and may exhibit some
bone deposition [22].

Fig. 11.25 Clear cell odontogenic tumour composed of clear cells (a) and eosinophilic cells (b).
Tumour cells have invaded the pulp which is very rarely seen (c)
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Fig. 11.26 Photomicrograph showing ghost cell odontogenic tumour. (a) Combination of soft
tissue component resembling ameloblastic carcinoma but with also deposition of giant cells. (b)
Stromal induction results in the formation of large cementum-like deposits
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Fig. 11.27 Ameloblastic fibrodentinosarcoma composed of fibromyxoid tissue resembling the
dental papilla but containing atypical cells in combination with atypical odontogenic epithelium
and deposition of poorly structured dentin
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Fig.11.28 (a) Cut surface of melanotic neuroectodermal tumour of infancy with adjacent decidu-
ous teeth. Pigmented nature of epithelial cells is clearly visible, both in low (b) as well as high (¢)
magnification. In (c), both the larger pigmented cells and the dark small cells are lying together in
one epithelial nest
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Immature Odontogenic Tissues: 1 2
A Source of Diagnostic Confusion

Introduction

As already mentioned before, 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 indicating the presence of an odontogenic tumour or that they
are just remnants of tissues connected with tooth development [1-3]. 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.

Before, 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 immature odontogenic tissues in the
jaw of children is illustrated in Fig. 12.1. This picture makes understandable that the
chance of encountering immature odontogenic tissues in tissue samples from this
area and at this age is rather high.

Dental Papilla

The dental papilla is the mesenchymal soft tissue part of the tooth germ. During
development and maturation, it gradually transforms into the dental pulp.
Concomitant with this transformation, it decreases in volume and changes its
histomorphology from mainly myxoid to more fibrous. Due to this myxoid nature,
the dental papilla can be mistaken for odontogenic myxoma with serious conse-
quences for the patient [1-3].

This diagnostic pitfall can be avoided by an enquiry into the source of the tis-
sue. If there is evidence that it comes from the vicinity of a developing tooth,
dental papilla is much more likely to be the appropriate diagnosis than odonto-
genic myxoma. Moreover, in case of dental papilla, the myxoid tissue quite often is
accompanied by some strands of odontogenic epithelium representing remnants of
the enamel organ, and also, it may show a peripheral cell condensation indicating

P.J. Slootweg, Dental Pathology, 155
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Fig. 12.1 Radiograph showing mixed dentition. Germs of the permanent teeth in varying stages
of maturation are seen in upper and lower jaw. The third molar germ has just started to form dental
hard tissues, whereas the second permanent molar germ shows a very pronounced radiolucent rim
representing the dental follicle. Other tooth germs show wide apical foramina indicating incom-
pletely formed roots. Histologic details from this root area are shown in Fig. 12.2 (Picture kindly
provided by Prof. A. Kuijpers-Jagtman, Department of Orthodontics and Craniofacial Biology,
Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands)

presence of odontoblasts. Finally, a shell of dentin adjacent to the myxoid tis-
sue may be helpful in differentiating odontogenic myxoma from dental papilla
(Figs. 12.2 and 12.3a—-d).

In practice, this diagnostic pitfall especially applies to biopsies taken from eleva-
tions 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 odonto-
genic myxoma is easily made [4].

Dental Follicle

The dental follicle is the fibrous sac that surrounds the not-yet-erupted immature
tooth (Fig. 12.4a, b). At radiographs, it can be seen as a radiolucent rim surrounding
the tooth germ (Fig. 12.5). Sometimes, this rim is larger than usually seen. This may
lead to further examination including biopsy. As these dental follicles may consist
of myxoid tissue, they may be mistaken for myxoma similar as for the dental
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Fig. 12.2 Photomicrograph
of the apical part of a tooth
germ. Dental papilla

(left side) consisting of
immature myxoid connective
tissue faces dentin and inner
enamel epithelium

(right side). Interposed cell
condensation represents layer
of odontoblasts forming
dentin. See also figures in
Chap. 1

pulp [2, 5]. However, they may also contain a lot of other tissue components derived
from the odontogenic apparatus including cementum, bone, dystrophic calcifications
and nests and strands of odontogenic epithelium [6]. The arrangement of these tis-
sues may simulate a variety of odontogenic tumours, either epithelial, mesenchymal
or mixed as illustrated in Fig. 12.6a—h. Moreover, microcyst formation in the epithe-
lial islands may suggest presence of an odontogenic cyst, in conjunction with the
radiology usually a dentigerous one (Fig. 12.7a—c). Again, it should be emphasised
that these pictures encountered in tissues taken from the vicinity of a tooth germ
should never be taken as evidence for neoplasia in the absence of clinical or radio-
logic signs suggesting tumour growth. They should be considered hamartomatous
tissue alterations connected with tooth development.

Sometimes, enlarged dental follicles may be associated with multiple unerupted
teeth [7-9]. Moreover, unerupted teeth with large pericoronal fibrous lesions may
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Fig. 12.3 Dental papilla mimicking myxoma. (a) Low-power view showing fragments of loose
myxoid tissue are surrounded 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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Fig.12.3 (continued)
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Fig.12.4 (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 surround-
ing follicle (Drawing by John A.M. de Groot)
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Fig.12.5 Panoramic radiograph showing radiolucent rim surrounding the crown of the left man-
dibular first molar tooth indicating enlarged dental follicle. If subjected to histological analysis
after removal, a variety of immature odontogenic tissues may be encountered as shown in
Figs. 12.6 and 12.7

occur together with other dental abnormalities such as enamel dysplasia and pulpal
calcifications [10-12].

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 delayed tooth eruption, the oral surgeon may excise this
soft tissue mass that consists of both gingival fibrous tissue and the adjacent part of
the underlying 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 mentioned [13, 14].
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Fig. 12.6 Hyperplastic dental follicle may contain immature odontogenic tissues simulating
odontogenic tumours. (a) Areas of myxoid tissue with dispersed odontogenic epithelium and hard
tissue deposition mimicking mixed odontogenic tumour. However, the absence of any clinical sign
of tumour precludes that diagnosis. (b) Higher magnification showing formation of dental hard
tissues adjacent to epithelium thus mimicking ameloblastic fibro-odontoma. (¢) Higher magni-
fication 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 rem-
nants. (f) Deposition of dysplastic dentin in cell-rich area of odontogenic mesenchyme. (g) Particle
consisting of dentin core covered with immature enamel and surrounded by immature odontogenic
epithelium and mesenchyme. (h) Dystrophic calcifications formed in association with odontogenic
mesenchyme
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Fig.12.6 (continued)
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Fig. 12.6 (continued)
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Fig. 12.6 (continued)
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Fig. 12.7 (a) Panoramic radiograph showing tiny radiolucency distal from third molar in left
mandible. Low- (b) and high-power (c) histology shows epithelial nests with central cystic degen-
eration that should be considered as hamartomatous rests in a dental follicle. This lesion also
illustrates that clear cells are not restricted to lateral periodontal cysts but may also form part of
other odontogenic lesions
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Fig. 12.7 (continued)
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Dentin, 9
circumpulpal, 10

c lobular, 10
Calcifying cystic odontogenic tumour, 145 g ’
Calcifying epithelial odontogenic mantle, 10

ying ep & primary, 10

tumour, 123, 140
Carcinoma, intraosseous, 146
Caries, 55
Cementicles, 61
Cementoblastoma, 136
Cementoblasts, 5
Cementum, 14
Clear cell odontogenic carcinoma, 148
Cleidocranial dysostosis, 20
Concrescence, 26

reparative, 11

sclerotic, 11

secondary, 10, 61

tertiary, 11, 61
Dentinal dysplasia, 42
Dentinogenesis imperfecta, 42
Dentinogenic ghost cell tumour, 145
Dilaceration, 30

Craniopharyngioma, 145 E
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Ectomesenchyme, 1 N
Enamel, 11 Neural crest, 1
Enamel hypoplasia, 36 Nevoid basal cell carcinoma syndrome, 128

Enamel opacities, 38
Enamel organ, 1

Enamel pearl, 33
Epstein’s pearls, 115
Epulis fibrosa, 92

Epulis granulomatosa, 92
Erosion, 57

External resorption, 64

o

Odonto-ameloblastoma, 140
Odontoblasts, 3

Odontodysplasia, 46

Odontogenesis imperfecta, 46
Odontogenic fibroma, granular cell, 132
Odontogenic keratocyst, 128
Odontogenic sarcoma, 148

F Odontoma

Fibroma, odontogenic, 131 complex type, 140
Fluorosis, 41 compound type, 140
Fusion, 25 Oligodontia, 21

Osseous dysplasia, 95
Osteodentin, 11
Outer enamel epithelium, 3

G
Gemination, 25
Ghost cell odontogenic carcinoma, 148

Gingival fibromatosis, 92 P
Gingival hyperplasia, 92 Paget’s disease, 60
Gingivitis, 91 Periodontal ligament, 17

Periodontitis, 94
Pigmentations, 70
Predentin, 9
Pulpitis, 80

Pulp necrosis, 89
Pulp polyp, 83

H

Hallermann-Streiff syndrome, 73
Hertwig’s root sheath, 5
Hunter-Schreger bands, 14
Hypercementosis, 60
Hyperdontia, 19

Hypodontia, 21 R

Reduced enamel epithelium, 7
Retzius, striae of, 14

Rickets, 47

Rushton bodies, 99

1

Impaction, 73

Inner enamel epithelium, 3
Internal resorption, 79

S

Segmental odontomaxillary dysplasia, 47
Serres, rests of, 6

Squamous odontogenic tumour, 126
Stellate reticulum, 3

K Supernumerary teeth, 19
Keratoameloblastoma, 122
Keratocystic odontogenic tumour, 128

J

Junctional epithelium, 16

T
Talon cusp, 29
M Taurodontism, 31
Malassez, rests of, 6 Tetracycline discoloration, 70
Melanotic neuroectodermal tumour Tooth eruption, 73
of infancy, 148 Tooth germs, 1

Myxoma, odontogenic, 129 Twinning, 25
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