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Abstract The latest (4th) edition of the World Health
Organization Classification of Head and Neck tumours has re-
cently been published with a number of significant changes
across all tumour sites. In particular, there has been a major
attempt to simplify classifications and to use defining criteria
which can be used globally in all situations, avoiding wherever
possible the use of complexmolecular techniques whichmay not
be affordable or widely available. This review summarises the
changes in Chapter 8: Odontogenic and maxillofacial bone le-
sions. The most significant change is the re-introduction of the
classification of the odontogenic cysts, restoring this books status
as the only text which classifies and defines the full range of
lesions of the odontogenic tissues. The consensus group consid-
ered carefully the terminology of lesions and were concerned to
ensure that the names used properly reflected the best evidence
regarding the true nature of specific entities. For this reason, this
new edition restores the odontogenic keratocyst and calcifying
odontogenic cyst to the classification of odontogenic cysts and
rejects the previous terminology (keratocystic odontogenic tu-
mour and calcifying cystic odontogenic tumour) which were
intended to suggest that they are true neoplasms. New entities
which have been introduced include the sclerosing odontogenic
carcinoma and primordial odontogenic tumour. In addition,

some previously poorly defined lesions have been removed, in-
cluding the ameloblastic fibrodentinoma, ameloblastic fibro-
odontoma, which are probably developing odontomas, and the
odontoameloblastoma, which is not regarded as an entity. Finally,
the terminology Bcemento^ has been restored to cemento-ossify-
ing fibroma and cemento-osseous dysplasias, to properly reflect
that they are of odontogenic origin and are found in the tooth-
bearing areas of the jaws.

Keywords Odontogenic tumours . Odontogenic cysts .

Fibro-osseous lesions .WHO classification .Maxillofacial
pathology

Introduction and background

The principle of developing an international standard for the
classification of tumours was agreed by the WHO in 1952, but
the 1st editions of the International Histological Classification
series were not published until after 1967. Number 5 in the series,
published in 1971, was the first attempt at an internationally
agreed standard classification of odontogenic tumours [1]. This
1st edition was titled BHistological typing of odontogenic tu-
mours, jaw cysts and allied lesions^, and was deliberately inclu-
sive, to ensure that all neoplasms and cysts of the odontogenic
apparatus were classified in context, so that pathologists would
appreciate and understand the commonly shared features of these
lesions and be able to reach an informed diagnosis. The classifi-
cation also included a number of bone lesions that have distinc-
tive features when arising in the jaws and which must be distin-
guished from odontogenic neoplasms. The 2nd edition was pub-
lished in 1992 and maintained this broad scope [2]. The 3rd
edition was published in 2005 [3] and excluded the odontogenic
cysts but did include bone-related or Btumour-like lesions^. This
was an unusual decision, which was not explained. While the
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authors appeared to recognise that bone lesions are important in
the differential diagnosis of lesions of the jaws, they clearly felt
that clarity over the odontogenic cysts was not needed. They also
ignored the fact that there was still ongoing debate regarding the
true nature of a number of lesions, which sat at the Bcyst-tumour
interface^. Not including these lesions in the classification caused
uncertainty regarding the correct terminology and management.

The new 4th edition has reinstated the odontogenic cysts and
has restored this books status as the only complete classification
of lesions of the odontogenic tissues [4]. The overall approach by
the editors and the international consensus group was to simplify
the classification and to clarify terminology so that the names of
lesions properly reflected their nature and biological behaviour
and were clearly understood internationally. Each section in the
chapter was written by a group of experts selected from different
regions of the world, to ensure a global perspective and to ac-
count for regional differences in approaches to terminology and
diagnosis. The final version of the classification was then agreed
by an international consensus group1 after vigorous and some-
times heated debate. The primary aim of the group was to ensure
that any changes, insertions or deletionswere supported by sound
evidence. This brief review will highlight the key changes in the
new edition.

What is new in the 4th edition

Odontogenic cysts

The most striking and welcome change is the return of the
odontogenic cysts. This classification is simple and very similar
to that used in the 2nd edition [2] (Table 1). The classification
avoids including variants of lesions, which although well
recognised, do not constitute separate entities and do not impact
on management. Thus, they are discussed in the text, but not
listed in the classification. For example, Bresidual^, Bapical^
and Blateral^ cysts are not included as distinct subsets of radicular
cyst, and Beruption cyst^ is included only as a variant of
dentigerous cyst. In this respect, it should be noted that the
WHO classification is not intended to be a definitive textbook,
but rather a simple guide to terminology and definitions. More
complex classifications, which may consider the pathogenesis of
lesions and fine details of the clinic-pathological features of var-
iants, can be found in specialist textbooks [5].

The key elements to note about the classification of the cysts
are that it restores the odontogenic keratocyst as a cystic lesion
and also classifies calcifying odontogenic cyst as a benign cyst
(see below). The orthokeratinised odontogenic cyst is also

recognised as an entity rather than being regarded as a variant
of the odontogenic keratocyst.

Odontogenic keratocyst

Odontogenic keratocyst (OKC) has been reinstated as the pre-
ferred term for this simple keratinising cyst. There is a very
large literature recording debate around the putative neoplastic
nature of this lesion. For the most part, this has been centred
on its so-called Baggressive^ behaviour and the fact that a
proportion of lesions are associated with a mutation or inacti-
vation of the PTCH1 gene, which was cited as the key factor
supporting the re-designation of OKC as a neoplasm [6].
Although PTCH alterations are seen in up to 80% of OKCs
[7, 8], they are not specific, since loss of heterozygosity
(LOH) on the 9q22.3 region (where the PTCH1 gene has been
mapped) have been found in other developmental cysts [9],
including dentigerous cyst [10]. However, this work needs
confirmation, and sequencing data on these lesions has not
yet been presented. It has also been reported that
marsupialisation is an effective treatment for the odontogenic
keratocyst and may be associated with reversion of the epithe-
lium to normal, and with lower recurrence rates [11, 12]—
features not normally associated with neoplasia. In consider-
ing all the available data, the WHO consensus group conclud-
ed that further research is needed, but at the present time, there
was insufficient evidence to support a neoplastic origin of the
odontogenic keratocyst. It was decided therefore that
odontogenic keratocyst remains the most appropriate name
for this lesion, and keratocystic odontogenic tumour
(KCOT) was removed from the classification.

Calcifying odontogenic cyst

This lesion is amember of the Bfamily^ of ghost cell lesions [13].
In both the 1st and 2nd editions of theWHO classification [1, 2],
it was listed under benign odontogenic tumours, but in 1971, it

1 The International consensus group met in Lyon in January 2016 and com-
prised: Prof Takashi Takata, Japan (Chair); Prof Daniel Baumhoer,
Switzerland; Prof Samir El-Mofty, USA; Prof Edward Odell, UK; Prof Paul
Speight, UK; Prof John Wright, USA, Prof Rosnah Zain, Malaysia

Table 1 Classification of odontogenic cysts

Odontogenic cysts of inflammatory origin

Radicular cyst

Inflammatory collateral cysts

Odontogenic and non-odontogenic developmental cysts

Dentigerous cyst

Odontogenic keratocyst

Lateral periodontal and botyroid odontogenic cyst

Gingival cyst

Glandular odontogenic cyst

Calcifying odontogenic cyst

Orthokeratinised odontogenic cyst

Nasopalatine duct cyst
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was clearly defined as a Bnon-neoplastic cystic lesion^ [1]. In
1992, however, the authors seemed uncertain—they used an
almost identical definition but removed Bnon-neoplastic^ and
defined it as a Bcystic lesion^. In the text, however, they sug-
gested that the cyst was non-neoplastic, but that a more solid
variant was neoplastic and used the term Bdentinogenic ghost
cell tumour^ [2]. In the 2005 edition, the calcifying odontogenic
cyst (COC) was renamed as Calcifying cystic odontogenic
tumour and was clearly defined as a Bbenign cystic neoplasm^
[3]. The solid variant was included as a separate entity and
termed dentinogenic ghost cell tumour (DGCT). However, the
true nature of COC remains uncertain. In a detailed multicentre
review of ghost cell lesions and their terminology, Ledesma-
Montes et al. [13] showed that over 85% of ghost cell lesions
are simple cysts either alone (65%) or associated with
odontomas. Very few showed ameloblastomatous proliferations,
and only 5% of lesions were solid and could be regarded as true
neoplastic dentinogenic ghost cell tumours. These findings
agreed with a previous study by Hong et al. [14], and both
authors showed that simple cystic lesions rarely recur and have
a completely benign course. Hong et al. described these lesions
as simple cysts and only regarded solid lesions as true neoplasms.
There seems, therefore, to be good evidence that simple cystic
lesions should be regarded as developmental cysts, which arise
alone or in association with other developmental lesions, espe-
cially odontomas [13–16]. In the new 4th edition of the WHO
classification, the consensus group agreed to revert back to the
original terminology and classify the cyst as calcifying
odontogenic cyst and the neoplasm as dentinogenic ghost cell
tumour. COC is therefore included under odontogenic cysts and
DGCT under odontogenic tumours (Tables 1 and 2). COC is
defined as a unicystic lesion, lined by ameloblastomatous epithe-
lium containing focal accumulations of ghost cells. Luminal pro-
jections of ghost cells and ameloblastomatous epitheliummay be
seen, but mural proliferations are absent or minimal (Fig. 1) [17].

Orthokeratinised odontogenic cyst

The orthokeratinised odontogenic cyst was first described in
1981 as a variant of OKC [18] and was not included in previous
editions of the WHO classification. The clinical presentation of
orthokeratinised odontogenic cyst (OOC) is similar to OKC,
often arising in the posterior mandibule, but radiographically, it
most often appears as a well-circumscribed unilocular radiolu-
cency [19, 20]. Similar to OKC, about half of lesions may be
associated with an unerupted tooth giving an appearance similar
to a dentigerous cyst. As the name suggests, histology shows an
orthokeratinised stratified squamous epithelial lining with a
prominent granular cell layer (Fig. 2). Although multiple OOC
have been reported [21], there is no recorded case of lesions
arising in association with the nevoid basal cell carcinoma syn-
drome. Also, unlike OKC, the lesions very rarely recur even after

simple enucleation. OOC has now finally been classified as a
distinct entity in the new WHO classification (Table 1).

Odontogenic tumours

Both the 2nd and 3rd editions divided the odontogenic tumours
into groups or subdivisions depending on the types of
odontogenic tissues involved and on the degree of inductive
change leading to hard tissue formation [2, 3]. However, the
3rd edition went further and divided some lesions into subtypes
according to their putative biological origins—for example, pri-
mary type or secondary type, or according to histological vari-
ants. At times, the classification became too complex. For exam-
ple, in the 2nd edition, 21 odontogenic tumours were listed, but
this increased to 30 in the 3rd edition even though there was only
one Bnew^ entity (KCOT), and one lesion was excluded (carci-
nosarcoma). The new 4th edition has gone back to a more reduc-
tionist approach, and despite including three new lesions, it lists
only 23 entities under odontogenic tumours [4]. The new

Table 2 Classification of odontogenic tumours

Malignant odontogenic tumours

Odontogenic carcinomas

Ameloblastic carcinoma

Primary intraosseous carcinoma NOS

Sclerosing odontogenic carcinomaa

Clear cell odontogenic carcinoma

Ghost cell odontogenic carcinoma

Odontogenic carcinosarcoma

Odontogenic sarcomas

Benign epithelial odontogenic tumours

Ameloblastoma

Ameloblastoma, unicystic type

Ameloblastoma, extraosseous/peripheral type

Metastasizing ameloblastoma

Squamous odontogenic tumour

Calcifying epithelial odontogenic tumour

Adenomatoid odontogenic tumour

Benign mixed epithelial and mesenchymal odontogenic tumours

Ameloblastic fibroma

Primordial odontogenic tumoura

Odontoma

Odontoma, compound type

Odontoma, complex type

Dentinogenic ghost cell tumour

Benign mesenchymal odontogenic tumours

Odontogenic fibroma

Odontogenic myxoma/myxofibroma

Cementoblastoma

Cemento-ossifying fibromaa

a New entities or terminology added since the 3rd (2005) edition

Virchows Arch



classification divides the lesions into malignant and benign, and
simplifies the subdivision of the benign tumours into those that
are epithelial, mesenchymal or mixed, without attempting to de-
scribe the degree of inductive change. The classification of
odontogenic tumours is shown in Table 2. There are a number

of new entities, and some lesions that have been reinstated or
renamed.

New entities

Sclerosing odontogenic carcinoma

Sclerosing odontogenic carcinoma (SOC) was first fully de-
scribed in 2008 [22], but further cases have subsequently been
reported [23–26]. It is characterised by features of a low-grade
malignancy with evidence of infiltration—it presents as a poorly
defined radiolucencywith evidence of bone destruction and tooth
resorption. Histologically, it is composed of thin cords or strands
of odontogenic epithelium permeating through a sclerosed fi-
brous stroma (Fig. 3). Occasional foci of clear cells may be seen.
The lesion shows destruction of the cortical plates with invasion
of adjacent connective tissues and muscle. Perineural infiltration
is characteristic. Occasional lesions have been associated with
calcifications resembling a fibro-osseous lesion [25]. No lesions
have been reported to have metastasised.

The lesion has been controversial, and some have suggested
that it should not be regarded as a new entity [27]. However,
despite only a few case reports, the WHO consensus group felt
that it was sufficiently distinct to deserve inclusion, but
emphasised that further cases need to be reported so as to more
accurately define its characteristics. The lesion may share fea-
tures with odontogenic fibroma, primary intraosseous
carcinoma, calcifying epithelial odontogenic tumour or clear cell
odontogenic carcinoma; these should be excluded before a de-
finitive diagnosis can be made. In this respect, we have recently
found that, unlike clear cell odontogenic carcinoma (see below),
SOC does not show EWSR1 rearrangements.

Primordial odontogenic tumour

Primordial odontogenic tumour (POT) is a new entity with only
seven reported cases. Six cases were first presented by
Mosqueda-Taylor et al. in 2014 [28], with a further single case
reported in 2016 [29]. It is a benign tumour composed of
odontogenicmesenchymewith loosely arranged fusiform or stel-
late fibroblasts resembling dental papilla (Fig. 4a). The lesion is
surrounded by a layer of cuboidal epithelial cells resembling the
internal enamel epithelium. All lesions so far reported have pre-
sented as a well-demarcated radiolucency in a dentigerous rela-
tionship with an unerupted tooth (Fig. 4b)—most often a third
molar. A recent study has more carefully analysed, four of the
original cases using a panel of 23 antibodies [30]. The overall
immunoprofile was consistent with a lesion of odontogenic ori-
gin and supports the view that it arises from the dental primordi-
um—that is an abortive tooth germ that fails to develop into a
dental organ.

Fig. 1 Calcifying odontogenic cyst. The lesion is unicystic but may show
prominent luminal proliferations (a). The lining shows typical
ameloblastomatous features, but ghost cells are the key diagnostic
criterion for this lesion (b)

Fig. 2 Orthokeratinised odontogenic cyst is lined by orthokeratinised
epithelium with a prominent granular cell layer. Unlike OKC, the basal
layer is not palisaded
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Odontogenic carcinosarcoma

The odontogenic carcinosarcoma is not a new entity, since it
appeared in the 2nd edition of the WHO book [2] but was not
included in 2005. It has been included in the new edition,
since, even though there are only a few single cases reports
[31–34], there is no doubt that the lesion exists. Histologically,
it is similar to ameloblastic fibroma, but both the epithelial and
the connective tissue components, show clear cytological

evidence of malignancy. Lesions have been reported to recur
and to metastasise. The book does not venture into a discus-
sion of the possible origins of these biphasic malignancies, but
the author does emphasise that both components of the lesion
must be frankly malignant and that the true carcinosarcoma
should be distinguished from ameloblastic carcinoma with a
malignant spindle cell component, which is probably associ-
ated with epithelial-mesenchymal transition and is properly
referred to as sarcomatoid ameloblastic carcinoma [35].

Changes in terminology

Ameloblastoma

The new edition has simplified the terminology around the
ameloblastoma. In 2005, ameloblastomas were sub-divided into
the solid/multicystic type, extraosseous/peripheral type,
desmoplastic type and unicystic type [36]. This subclassification
was regarded as too complex and lacking in behavioural or bio-
logical significance. The new classification has dropped the ter-
minology Bsolid/multicystic^, since this pattern is well
recognised as typical for conventional ameloblastoma, and use
of Bcystic^ may cause confusion with the unicystic type.
Desmoblastic ameloblastoma has also been dropped as a specific
type and described as a histological variant of conventional
ameloblastoma. Like other variants, including follicular, plexi-
form and acanthomatous, they are histologically distinctive and
can be described, but as a diagnostic entity, there is no evidence
of any differences in behaviour. Peripheral ameloblastoma does
behave differently and is retained as a specific subtype.

Similarly, there is good evidence that unicystic
ameloblastoma has distinct behavioural and clinicopathological
characteristics, and it is retained as a subtype. The unicystic
ameloblastoma is described as having three histological variants
[37]. Two types are not controversial and are well recognised: the
luminal type is a simple cyst lined by ameloblastomatous epithe-
lium and the intraluminal type is similar but with luminal prolif-
erations of (often plexiform) ameloblastomatous epithelium.
These two types are considered to have a good prognosis and
rarely recur even after simple enucleation. More controversially,

Fig. 3 Sclerosing odontogenic carcinoma is characterised by strands and
islands of epithelium infiltrating through a sclerotic fibrous stroma (a).
The full extent of the epithelial component may only become apparent
after immunohistochemical staining with a cytokeratin (b)

Fig. 4 Primordial odontogenic
tumour is composed of loosely
cellular odontogenic
mesenchyme surrounded by
odontogenic epithelium (a). This
resembles reduced enamel
epithelium with columnar
ameloblast-like cells (inset). This
lesion arose in an 8-year-old girl
and shows a well-demarcated
radiolucency in a dentigerous
relationship with an unerupted
premolar tooth (b)
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the consensus group retained themural unicystic ameloblastoma
as one of the three types. This type shows proliferation of
ameloblastomatous epithelium into the cyst wall (Fig. 5), and
there is good evidence that it behaves in a similar manner to
conventional ameloblastoma with similar recurrence rates [38].
However, despite some evidence of more aggressive behaviour,
the group felt that further research was needed to clearly define
the behaviour of this lesion, before a reclassification was
justified.

The odontoameloblastoma, which was included as an entity
in 2005, has been completely deleted. This is because there is no
real evidence that it is a true mixed neoplastic ameloblastoma
with odontogenic mesenchymal tissues. Rather these lesions rep-
resent a conventional ameloblastoma that happens to arise in
association with an odontoma.

In this new edition, the metastasizing ameloblastoma has
been moved from the section on ameloblastic carcinomas and
has been included as a type of benign conventional
ameloblastoma. It is defined as a histologically benign typical
ameloblastoma which metastasises to distant sites. Both the
primary lesion and the metastasis must have histological fea-
tures of benign ameloblastoma. This terminology follows that
used for metastasizing pleomorphic adenoma which is

included as a variant of conventional benign pleomorphic ad-
enoma [39].

Odontogenic carcinomas

In the 2005 edition, an attempt was made to sub-classify
ameloblastic carcinoma into three types: primary type, sec-
ondary type (dedifferentiated) intraosseous and secondary
type (dedifferentiated) peripheral. This subclassification was
felt to be unnecessarily complex for an already rare lesion and
had no justification on behavioural grounds. In 2017, there is a
single diagnostic entity of ameloblastic carcinoma, although
the text recognises the varied histological features.

Similarly, primary intraosseous carcinoma (PIC) appears as
a single diagnostic entity in 2017. In 2005, there was an at-
tempt to divide it into three subtypes according to their puta-
tive origin from OKCs or from other odontogenic cysts. The
new edition recognises that some PIC may arise from pre-
existing cysts, but designation as specific subtypes was not
necessary nor justified on clinicopathological grounds.

Clear cell odontogenic carcinoma remains as a distinct
entity, but the text is updated to recognise recent studies show-
ing that they harbour a EWSR1-ATF1 translocation [40, 41].
This translocation is seen in a number of clear cell lesions
including salivary clear cell carcinoma. However, although
not specific, when used in context, it is an important and
useful molecular test which can be used to distinguish clear
cell odontogenic carcinoma from other odontogenic lesions
which may contain clear cells, including clear cell variant of
calcifying epithelial odontogenic tumour and SOC.

The mixed odontogenic tumours

This group contains a number of lesions from true neoplasms
(ameloblastic fibroma) to lesions that have been defined as
hamartomas (odontomas). All are thought to be composed of
both epithelial and mesenchymal elements and may show var-
ied degrees of inductive change with formation of dental hard
tissues. The new classification contains one new entity—the
primordial odontogenic tumour described above. In addition,
four lesions which were categorised as mixed tumours in 2005
have been deleted. These include calcifying cystic
odontogenic tumour (which has been redesignated as COC)
and odontoameloblastoma, which have been discussed previ-
ously. In addition, the ameloblastic fibrodentinoma and
ameloblastic fibro-odontoma have been removed as distinct
entities. The true nature of these lesions has long been debat-
ed, and it is now thought that they represent part of the spec-
trum of histological changes seen in a developing odontoma
[42, 43].

In the new classification therefore, the odontomas and
dentinogenic ghost cell tumours remain essentially the same,
with updates on genetic and immunohistochemical findings.

Fig. 5 The wall of an enucleated cyst shows a lining of
ameloblastomatous epithelium, but with prominent islands of follicular
ameloblastoma in the wall. Should this be regarded as a Bmural type^
unicystic ameloblastoma or cystic change in a conventional follicular
ameloblastoma?
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Similarly, the description of ameloblastic fibroma is essential-
ly unchanged. The lesion is composed of a cellular mesenchy-
mal component resembling the dental papilla, containing
branching strands of bilayered columnar epithelium resem-
bling dental lamina. Occasional buds are seen, with stellate
reticulum like cells centrally, giving the appearance of the
early developing enamel organ. These histological features
are characteristic but not specific, since they may be seen in
an early developing (non-calcifying) odontoma. In some
cases, there may be evidence of inductive change, and dental
hard tissue may be noted. Previously, if dentine was seen, the
lesions were designated ameloblastic fibrodentinoma (AFD),
and if dentine and enamel were seen, the lesion was termed
ameloblastic fibro-odontoma (AFO). However, these features
are indistinguishable from a developing odontoma, and it is
considered that if lesions were left, they would continue to
mature into fully calcified lesions [42, 43]. The consensus
group therefore agreed to remove AFD and AFO from the
classification, since they are Bmost likely developing
odontomes^ [44]. However, this still remains controversial,
and it is recognised that some of these lesions may reach large
sizes and arise in age groups which are not always consistent
with a hamartoma. A recent review suggests that the clinico-
pathological features of these lesions do not always support
the idea of progressive maturation into odontomas and that at
least some AFOs and AFDs may be true neoplasms [45].

Maxillofacial bone tumours

The new classification includes a number of bone tumours and
related lesions (Table 3). Although the criteria for inclusion was
not always clear, most are either important in the differential
diagnosis of jaw lesions, have a propensity to arise within the
jaw bones or have characteristic features when encountered at
this site. All have been updated for this new edition, particularly
with regard to the genetic profiles, but for the most part, the
descriptions of these lesions remain similar to the 2005 edition
or are the same as in the corresponding WHO classifications of
tumours at other sites. The major changes with regard to maxil-
lofacial pathology are clarification around the definition and ter-
minology of ossifying fibromas and the cemento-osseous
dysplasias.

Cemento-ossifying fibroma

Cemento-ossifying fibroma (COF) has been a confusing and ill-
defined term for many years. In the 1st edition [1], the authors
included two separate entities: cementifying fibroma as a type of
Bcementoma^ and ossifying fibroma as a type of osteogenic
neoplasm. The histological description of cementifying fibroma
was what we now regard as a conventional ossifying fibroma
[46, 47]. The 2nd edition [2], called both lesions cemento-

ossifying fibroma, recognised the problem of a histological dis-
tinction of bone from cementum. In 2005 [3], the terminology
changed again, and all the Bcemento-ossifying fibromas^ were
regarded as ossifying fibroma. This was because cementum and
bone are essentially the same tissue and can only be distinguished
by their relationship to the tooth root [48]. When Bcementum^ is
not attached to a tooth, it should no longer be considered as a
specific tissue. However, there is a general consensus that when
ossifying fibroma arises in the tooth-bearing areas, it is of
odontogenic origin and arises within the periodontal ligament
[46, 47]. In 2017, the consensus group felt that the term
cemento-ossifying fibroma is suitably descriptive and indicates
that these lesions are specific to the tooth-bearing areas of the
jaws and can be distinguished from the two juvenile variants of
ossifying fibroma [46, 49]. The new 4th edition therefore clas-
sifies cemento-ossifying fibroma as a benign mesenchymal
odontogenic tumour (Table 2). This clearly distinguishes it from
ossifying fibromas that are non-odontogenic and are classified
under benign fibro- and chondro-osseous lesions (Table 3). The
three variants are therefore defined as cemento-ossifying fibroma,
juvenile trabecular ossifying fibroma and juvenile
psammomatoid ossifying fibroma [50].

Table 3 Bone tumours and related lesions

Malignant maxillofacial bone and cartilage tumours

Chondrosarcoma

Mesenchymal chondrosarcoma

Osteosarcoma

Benign maxillofacial bone and cartilage tumours

Chondroma

Osteoma

Melanotic neuroectodermal tumour of infancy

Chondroblastoma

Chondromyxoid fibroma

Osteoid osteoma

Osteoblastoma

Desmoplastic fibroma

Fibro- and chondro-osseous lesions

Ossifying fibroma

Familial gigantiform cementoma

Fibrous dysplasia

Cemento-osseous dysplasia

Osteochondroma

Giant cell lesions and bone cysts

Central giant cell granuloma

Peripheral giant cell granuloma

Cherubism

Aneurysmal bone cyst

Simple bone cyst

Haematolymphoid tumours

Solitary plasmacytoma
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Cemento-osseous dysplasia

Cemento-osseous dysplasia (COD) has also been a controver-
sial, much debated term. The arguments and discussions have
been similar to those described above for ossifying fibromas.
The 2005 edition defined these lesions as arising from peri-
odontal tissues, but preferred to use the term Bosseous dys-
plasia^, dropping Bcemento^ on the basis discussed above that
cementum and bone are indistinguishable [48]. The new edi-
tion reverts back to the terminology cemento-osseous
dysplasia, in order to recognise them as odontogenic with an
origin in the periodontal ligament. Three variants are de-
scribed: periapical COD, focal COD and florid COD [51].
Although many regard Bgigantiform cementoma^ as a variant
of florid COD, the 2017 classification has retained familial
gigantiform cementum as an entity. This is characterised by
multiple, multiquadrant lesions which, in at least some cases,
has a well-defined autosomal dominant inheritance pattern.

Compliance with ethical standards

Funding The authors have not been funded for this work.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Pindborg J, Kramer I (1971) WHO International Histological
Classification of Tumours. Histological typing of odontogenic tu-
mours, jaw cysts and allied lesions. WHO, Geneva

2. Kramer I, Pindborg J, Shear M (1992) WHO International
Histological Classification of Tumours. Histological typing of
odontogenic tumours, 2nd edn. Springer-Verlag, Berlin

3. Barnes L, Eveson JW, Reichart P, Sidransky D (2005) Odontogenic
Tumours. Ch 6, WHO classification of tumors: pathology and ge-
netics of head and neck tumours. IARC, Lyon

4. El-Naggar AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ
(2017) WHO Classification of Head and Neck Tumours, 4th edi-
tion). Chapter 8. 204–260 edn. IARC, Lyon

5. Shear M, Speight P (2007) Cysts of the oral and maxillofacial
regions. 4th ed. Blackwell Munksgaard

6. Philipsen HP (2005) Keratocystic odontogenic tumour. In: Barnes
L, Eveson JW, Reichart P, Sidransky D (eds) WHO classification of
tumors: pathology and genetics of head and neck tumours. IARC,
Lyon, pp 306–307

7. Qu J, Yu F, Hong Y, Guo Y, Sun L, Li X, Zhang J, Zhang H, Shi R,
Chen F, Li T (2015) Underestimated PTCH1 mutation rate in spo-
radic keratocystic odontogenic tumors. Oral Oncol:40–45

8. Li TJ (2011) The odontogenic keratocyst: a cyst, or a cystic neo-
plasm? J Dent Res 90:133–142

9. Levanat S, Pavelić B, Crnić I, Oresković S, Manojlović S (2000)
Involvement of PTCH gene in various noninflammatory cysts. J
Mol Med (Berl) 78:140–146

10. Pavelić B, Levanat S, Crnić I, Kobler P, Anić I, Manojlović S et al
(2001) PTCH gene altered in dentigerous cysts. J Oral Pathol Med
30:569–576

11. Wushou A, Zhao YJ, Shao ZM (2014) Marsupialization is the op-
timal treatment approach for keratocystic odontogenic tumour. J
Craniomaxillofac Surg 42:1540–1544

12. Pogrel MA, Jordan RC (2004) Marsupialization as a definitive
treatment for the odontogenic keratocyst. J Oral Maxillofac Surg
62:651–655 discussion 655–6

13. Ledesma-Montes C, Gorlin RJ, Shear M et al (2008) International
collaborative study on ghost cell odontogenic tumours: calcifying
cystic odontogenic tumour, dentinogenic ghost cell tumour and
ghost cell odontogenic carcinoma. J Oral Pathol Med 37:302–308

14. Hong SP, Ellis GL, Hartman KS (1991) Calcifying odontogenic
cyst: a review of ninety-two cases with reevaluation of their nature
as cysts or neoplasms, the nature of ghost cells, and subclassifica-
tion. Oral Surg Oral Med Oral Pathol 72:56–64

15. Li TJ, Yu SF (2003) Clinicopathologic spectrum of the so-called
calcifying odontogenic cysts: a study of 21 intraosseous cases with
reconsideration of the terminology and classification. Am J Surg
Pathol 27:372–384

16. Shear M, Speight P (2007) Calcifying odontogenic cyst (calcifying
cystic odontogenic tumour). In: Cysts of the oral and maxillofacial
regions. 4th ed. Blackwell Munksgaard; pp. 100–7

17. Speight P, Ledesma-Motes C, Wright J Calcifying odontogenic
cyst. In: El-Naggar AK, Chan JKC, Grandis JR, Takata T,
Slootweg PJ (eds) WHO Classification of Head and Neck
Tumours, 4th edn. IARC, Lyon, pp 239–241

18. Wright JM (1981) The odontogenic keratocyst: orthokeratinized
variant. Oral Surg Oral Med Oral Pathol 51(6):609–618

19. Li TJ, Kitano M, Chen XM, Itoh T, Kawashima K, Sugihara K,
Nozoe E, Mimura T (1998) Orthokeratinized odontogenic cyst: a
clinicopathological and immunocytochemical study of 15 cases.
Histopathology 32(3):242–251

20. Macdonald-Jankowski DS (2010) Orthokeratinized odontogenic
cyst: a systematic review. Dentomaxillofac Radiol 39(8):455–467

21. Cheng YS, Liang H, Wright J, Teenier T (2015) Multiple
orthokeratinized odontogenic cysts: a case report. Head Neck
Pathol 9(1):153–157

22. Koutlas IG, Allen CM,Warnock GR,Manivel JC (2008) Sclerosing
odontogenic carcinoma: a previously unreported variant of a locally
aggressive odontogenic neoplasm without apparent metastatic po-
tential. Am J Surg Pathol 32(11):1613–1619

23. Hussain O, Rendon AT, Orr RL, Speight PM (2013) Sclerosing
odontogenic carcinoma in the maxilla: a rare primary intraosseous
carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol 116(4):
e283–e286

24. Tan SH, Yeo JF, Kheem Pang BN, Petersson F (2014) An
intraosseous sclerosing odontogenic tumor predominantly com-
posed of epithelial cells: relation to (so-called) sclerosing
odontogenic carcinoma and epithelial-rich central odontogenic fi-
broma. Oral Surg Oral Med Oral Pathol Oral Radiol 118:e119–
e125

25. Iri T, Ogawa I, Takata T, Toyosawa S, Saito N, Akiba M, Isobe T,
Hokazono C, Tachikawa T, Suzuki Y (2010) Sclerosing
odontogenic carcinoma with benign fibro-osseous lesion of the
mandible: an extremely rare case report. Pathol Int 60(10):694–700

26. Wood A, Young F, Morrison J, Conn BI (2016) Sclerosing
odontogenic carcinoma presenting on the hard palate of a 43-
year-old female: a case report. Oral Surg Oral Med Oral Pathol
Oral Radiol 122:e204–e208

27. Ide F, Kikuchi K, Kusama K (2011) Sclerosing odontogenic carci-
noma. Pathol Int 61(4):259–261

Virchows Arch



28. Mosqueda-Taylor A, Pires FR, Aguirre-Urízar JM, Carlos-Bregni
R, de la Piedra-Garza JM, Martínez-Conde R et al (2014)
Primordial odontogenic tumour: clinicopathological analysis of
six cases of a previously undescribed entity. Histopathology 65:
606–612

29. Slater LJ, Eftimie LF, Herford AS (2016) Primordial odontogenic
tumor: report of a case. J Oral Maxillofac Surg 74:547–551

30. Bologna-Molina R, Mikami T, Pereira-Prado V, Pires FR, Carlos-
Bregni R, Mosqueda-Taylor A (2017) Primordial odontogenic tu-
mor: an immunohistochemical profile. Med Oral Patol Oral Cir
Bucal:e314–e323

31. Chikosi R, Segall N, Augusto P, Freedman P (2011) Odontogenic
carcinosarcoma: case report and literature review. J Oral Maxillofac
Surg 69:1501–1507

32. Kim IK, Pae SP, Cho HY, Cho HW, Seo JH, Lee DH, Park IS
(2015) Odontogenic carcinosarcoma of the mandible: a case report
and review. J Korean Assoc Oral Maxillofac Surg 41:139–144

33. Kunkel M, Ghalibafian M, Radner H, Reichert TE, Fischer B,
Wagner W (2004) Ameloblastic fibrosarcoma or odontogenic car-
cinosarcoma: a matter of classification? Oral Oncol 40:444–449

34. Slama A, Yacoubi T, Khochtali H, Bakir A (2002) Mandibular
odontogenic carcinosarcoma: a case report. Rev Stomatol Chir
Maxillofac 103:124–127

35. El-Mofty SK (2017) Odontogenic Carcinosarcoma. In: El-Naggar
AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ (eds) WHO
Classification of Head and Neck Tumours, 4th edn. IARC, Lyon,
p 213

36. Gardner DG, Heikinheimo K, Shear M, Philipsen HP, Coleman H
(2005) Ameloblastomas. In: Barnes L, Eveson JW, Reichart P,
Sidransky D (eds) WHO classification of tumors: pathology and
genetics of head and neck tumours. IARC, Lyon, pp 296–300

37. Vered M, Muller S, Heikinheimo K (2017) Ameloblastoma,
unicystic type. In: El-Naggar AK, Chan JKC, Grandis JR, Takata
T, Slootweg PJ (eds) WHO classification of head and neck
Tumours, 4th edn. IARC, Lyon, pp 217–218

38. Li T-J, Wu Y-T, Yu S-F, Yu G-Y (2000) Unicystic ameloblastoma: a
clinicopathologic study of 33 Chinese patients. Am J Surg Pathol
10:1385–1392

39. Bell D, Bullerdiek J, Gnepp DR, Schwartz MR, Stenman G,
Triantafylou A (2017) Pleomorphic adenoma. In: El-Naggar AK,
Chan JKC, Grandis JR, Takata T, Slootweg PJ (eds) WHO
Classification of Head and Neck Tumours, 4th edn. IARC, Lyon,
pp 185–186

40. Bilodeau EA, Weinreb I, Antonescu CR, Zhang L, Dacic S, Muller
S et al (2013) Clear cell odontogenic carcinomas show EWSR1
rearrangements: a novel finding and a biological link to salivary
clear cell carcinoma. Am J Surg Pathol 37:1001–1005

41. Yancoskie AE, Sreekantaiah C, Jacob J, Rosenberg A, EdelmanM,
Antonescu CR et al (2014) EWSR1 and ATF1 rearrangements in
clear cell odontogenic carcinoma: presentation of a case. Oral Surg
Oral Med Oral Pathol Oral Radiol 118:e115–e1e8

42. Slootweg PJ (1981) An analysis of the interrelationship of the
mixed odontogenic tumors-ameloblastic fibroma, ameloblastic
fibroodontoma, and the odontomas. Oral Surg Oral Med Oral
Pathol 51:266–277

43. Philipsen HP, Reichart PA, Praetorius F (1997) Mixed odontogenic
tumours and odontomas. Considerations on interrelationship.
Review of the literature and presentation of 134 new cases of
odontomas. Oral Oncol 33:86–99

44. Muller S, Vered M (2017) Ameloblastic fibroma. In: El-Naggar
AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ (eds) WHO
Classification of Head and Neck Tumours, 4th edn. Lyon, IARC,
pp 222–223

45. Chrcanovic BR, Gomez RS (2017) Ameloblastic fibrodentinoma
and ameloblastic fibro-odontoma: an updated systematic review of
cases reported in the literature. J Oral Maxillofac Surg pii:S0278-
2391(16)31326-X. doi:10.1016/j.joms.2016.12.038

46. Zegalie N, Martin L, Speight PM (2015) Ossifying fibromas of the
jaws and craniofacial bones. Diagn Histopathol 2015(21):370–378

47. El-Mofty SK (2014) Fibro-osseous lesions of the craniofacial skel-
eton: an update. Head Neck Pathol 8(4):432–444

48. Langdon JD, Rapidis AD, Patel MF (1976) Ossifying fibroma—
one disease or six? An analysis of 39 fibro-osseous lesions of the
jaws. Br J Oral Surg 14(1):1–11

49. Wright JM, Odell EW, Speight PM, Takata T (2014) Odontogenic
tumors, WHO 2005: where do we go from here? Head Neck Pathol
8(4):373–382

50. El-Mofty SK, Nelson B, Toyosawa S (2017) Ossifying fibroma. In:
El-Naggar AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ (eds)
WHO Classification of Head and Neck Tumours, 4th edn. IARC,
Lyon, pp 251–252

51. El-Mofty SK, Nelson B, Toyosawa S, Wright JM (2017) Cemento-
osseous dysplasia. In: El-Naggar AK, Chan JKC, Grandis JR,
Takata T, Slootweg PJ (eds) WHO Classification of Head and
Neck Tumours, 4th edn. IARC, Lyon, pp 254–255

Virchows Arch

http://dx.doi.org/10.1016/j.joms.2016.12.038

	New...
	Abstract
	Introduction and background
	What is new in the 4th edition
	Odontogenic cysts
	Odontogenic keratocyst
	Calcifying odontogenic cyst
	Orthokeratinised odontogenic cyst

	Odontogenic tumours
	New entities
	Sclerosing odontogenic carcinoma
	Primordial odontogenic tumour
	Odontogenic carcinosarcoma

	Changes in terminology
	Ameloblastoma
	Odontogenic carcinomas
	The mixed odontogenic tumours


	Maxillofacial bone tumours
	Cemento-ossifying fibroma
	Cemento-osseous dysplasia

	References


