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Abstract

Classification is the process of grouping similar entities under one category for the ease of their
comprehension and better handling. Medical classification dates back to the days of William Farr who is
credited with the development of a nosology, which later served as the forerunner for the modern-day
disease classification by ICD. The WHO system of classification is a time-honoured system that has prevailed
from decades together and is under constant evolution. The classification of odontogenic tumours was
first formulated by Pierre Paul Broca and has undergone several transformations over years. Though the
earlier classifications and their modifications by several authors and even by the WHO appeared to be fitting
for their time, the latest edition of WHO classification of odontogenic and maxillofacial bone tumours
neither seems to be complete nor perfect, even at the present context. It is unfortunate that even with the
advancement of molecular biology, the present WHO classification on Odontogenic and Maxillofacial bone
tumours, fails to serve as a ‘reference standard’ in the true sense of the term. This article highlights the
limitations of the current classification with constructive criticism that may help in further improvement.
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INTRODUCTION

The origin of classification dates back to the days of
Aristotle, who developed the first classification system,

Classifications have been of pivotal importance in shaping
medicine and guiding its practice since time immemorial.
Classification is the arrangement of things that have
properties in common. It groups items together that have
more similarities with one another than objects in another
group. However, an effective classification is the one that
acknowledges both differences and similarities."
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which divided all organisms into two groups: plants and
animals. He presented a “schema of things” to account
for the particular as well as universal. Another great
methodologist, who later came to be known as the Father
of taxonomy, Linnaeus, echoed Aristotle’s pattern of
classification, expanding and simplifying the existing
systems.!"!
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William Farr, several years later, insisted on the universality
of scientific terms and proposed a classification system
called “a method of generalization” which later served as
the forerunner of the modern International Classification
of Diseases.l" The significant work by John Graunt and
Thomas Sydenham in the 17" century further gave medical
classification a distinct trajectory.l! Several evolutions were
thus being brought about by the classification theorists
who were also clearly defining the aims of classification.

Eventually, in the 19" century, the prominent contemporary
disease classification system, namely, the International
Classification of Diseases, entrusted with the Wotld Health
Organization (WHO), brought about a huge impact in the
world of classifications by combining the past and present
concepts of the nature of diseases.! With the development
of molecular and cytogenetic studies, which changes
the knowledge and perception regarding diseases, the
classification system is on constant evolution. Nevertheless,
classification of diseases should be simple, comprehensive
and universally accepted.

EVOLUTION OF ODONTOGENIC TUMOURS
CLASSIFICATION

Around the mid-19™ century, due to increase in reports
on odontogenic pathologies from all around the world, a
multifaceted personality named Pierre Paul Broca published
a monograph in 1869, consisting of several tumor
classifications, one among which was on odontogenic
tumors.”) He suggested the use of the term “odontome”
for all tumors arising from the odontogenic apparatus,
and his classification was based on the stage of tooth
development at the onset of the abnormality.” However,
his work did not focus much on oral pathology and was
limited within France, thus failing to gain popularity.F)

Another popular French histologist, named Malassez,
presented Broca’s classification with minor modifications
in 1885.1 It, however, did not create much impact globally
and faded away soon.P!

In 1888, Bland and Sutton laid down the ground for the
modern taxonomy of odontogenic tumors. They based their
classification on the specific cells of the tooth germ that
gave tise to the tumors and went on to include odontogenic
cysts and fibrous osteogenic tumors in their classification
while maintaining the use of the term “odontome.”F!

An elaborate report on odontomes was sought from Gabell
et al., by the British Dental Association in early 1914, who
then further modified and elaborated Bland—Sutton’s

classification.' They also used the term odontomes to refer
to odontogenic tumors but classified them into three main
groups: (1) the epithelial odontomes, (2) the composite
odontomes and (3) the connective tissue odontomes.

Continuous extensive studies on odontomes eventually
led to the replacement of the term by more pathologically
compatible terms. The multilocular odontogenic cysts
came to be known as adamantinoma, later renamed by Ivy
and Churchill as ameloblastoma.P! The connective tissue
odontomes were called fibromas or cementomas based
on their structure. However, the composite odontomes,
made of both epithelial and connective tissue components,
remained to be called as odontomes or odontomas.”!

The classification proposed by Thoma and Goldman in
1946 excluded odontogenic cysts that were initially
included in the classification by Bland and Sutton.”) Enamel
peatls being developmental malformations rather than
neoplasms were considered as tumors and were included
in the classification as enamelomas, which is obviously a
misnomer. Their classification was in fact widely accepted
and in 1952, it was adopted by the American Academy of
Oral Pathology with minor changes.”!

Pindborg and Clausen in 1958 came forward with yet
another classification, which was based on the reciprocal
interaction between the epithelium and the mesenchyme.?
They believed that the reciprocal induction was surely the
cause of some of the cellular changes in the pathogenesis of
these tumors. They classified the tumors primarily into two
groups: epithelial and mesodermal, which though was much
debated generally received positive reviews. The epithelial
tumors were further subclassified into (1) pure epithelial
tumors with no inductive changes and (2) epithelial tumors
with inductive changes in the mesenchyme.!
Furthermore, Gorlin e a/. in 1961 brought about slight
modifications in the Pindborg and Clausen classification,
which then served a key role in the WHO publication of
“Histological Typing of Odontogenic Tumours.”!”

The need for a standard classification of neoplasms
was agreed upon by the WHO way back in 1958, and
the 1* edition of classification was published in 1971.1' It
was titled as “Histological typing of odontogenic tumours,
jaw cysts and allied lesions,” with elaborate inclusion
of all neoplasms and cysts of odontogenic origin.
However, the classification also included various bone
lesions with characteristic features when occurring in
jaws. The 2™ edition published in 1992 maintained this
elaborate scope.'! The 3" edition of 2005 saw the exclusion
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of odontogenic cysts; however, the “bone-related and
tumot-like lesions” were kept intact."? The 4™ and the
latest WHO Classification of Head and Neck Tumours was
published in January 2017 by an expert panel consisting
of eminent pathologists from around the world.l"”’l This
classification re-included cysts and claimed to simplify the
overall classification of both cysts and tumors.

THE PRESENT SCENARIO

The latest classification was formulated with the objective
of simplicity, scientific accuracy, reproducibility and utility
for the surgical pathologists globally.!'"

The current classification (WHO 2017) proposed various
additions, deletions and modifications of lesions based on
evidence and molecular studies. Classification, as discussed
earlier, plays a vital role in not just understanding the
pathogenesis of a disease but also elaborating its behavior
and prognosis.

As far as other lesions are concerned, the latest blue book
contains major changes in terms of refinement of existing
entities, description of new tumor types, deletion of
defunct categories and an update on the biology of vatious
tumor types.I'”) However, the present WHO Classification
on “Odontogenic and Maxillofacial Bone Tumours” simply
lists lesions in a rational order and attempts to provide
evidence for their validity. Although it offers direction for
the management of these diseases, its value and diagnostic
utility appears to be limited owing to its acuity and want
of precise terminology.'

Although the reversal of changes of widely used
classification and terminologies is often unreal, it
sometimes becomes important to understand the caveats
in their use and deficiencies of these systems. The WHO
classification is expected to act as a “reference standard”
internationally and thus, changes made in it should be
carefully scrutinized and supported by adequate evidence
and documentation. Although changes and their reversal
have been made multiple times in WHO classifications, it
however seems insufficient in defining/categorizing the
lesions listed under “odontogenic and maxillofacial bone
tumours.”

This article is thus only an attempt to express our views and
constructive criticism in the hope that it will be an aid for
further development of the WHO classification and not
intended to add knowledge or update the lesions.

The current classification (2017) of odontogenic cysts
and tumors saw changes from its inception. It primarily

divided odontogenic tumors into malignant and benign.
The complex and elaborative classification of the benign
tumors (based on the epithelial-mesenchymal induction;
odontogenic epithelium with mature fibrous, stroma
without odontogenic ectomesenchyme; odontogenic
epithelium with odontogenic ectomesenchyme with
or without hard-tissue formation and mesenchyme
and/or odontogenic ectomesenchyme with or without
odontogenic epithelium)! was shunned. Rather, a simpler
division of those tumors was devised under the headings
of epithelial, mesenchymal and mixed odontogenic tumors,
with the aim of simplifying the new classification. Another
significant change in the latest 2017 classification was the
re-inclusion of odontogenic cysts. The classification of
19921'"1 last saw the modification of odontogenic cysts,
following which they were eliminated from the 2005
version.!"” In the 4* classification of odontogenic tumors,
however, it was again added to the classification with certain
modifications.”! The changes made to the classification
of cysts, time and again, were however without any solid
explanation and were not entirely inclusive even in the
latest edition.['2!]

The classification of odontogenic and maxillofacial
tumors should start with the definition of terminologies.
The literal meaning of “tumor” is swelling,*>*! However,
in the WHO classification, the word “tumot” is used to
denote inflammatory, benign or malignant growths, and is
not very specific. Instead, it can be replaced by the word
“neoplasm” referring to a new growth, which can either be
benign or malignant. Various authors have recommended
and supported the use of the term “tumor” in a broader
context in the WHO classification as it includes a myriad
of lesions.™

With the evolution of terminologies and advances in
the field of science in general and molecular biology in
particular, it is rather unfortunate to go reverse and use a
word that is nonspecific instead of implementing a perfect
terminology that would avoid confusion and increase the
preciseness of an international classification.

The odontogenic and maxillofacial bone tumors include
a heterogeneous group of lesions ranging from benign
neoplasms, cysts, hamartomas to malignant neoplasms,
with metastatic potential.'”) The various lesions included in
the classification differ in their nature, clinical features and
biological behavior, and therefore, separate classifications
comprising like-featured entities would be a better
alternative. The inclusion of all these lesions under one
umbrella is rather bizarre and is almost like grouping Asians,
Caucasians and Mongolians under the same category!
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The classification of odontogenic tumors in the
27 and 3" editions!"? was based on the type of odontogenic
tissues that were involved and the inductive changes thatled
to hard-tissue formation. The 3 edition further classified
tumors based on their supposed biological origin or
histological variants.'” However, the 4" edition of 20171
formed a very concise classification despite the addition
of three new tumors. It lists a total of 23 odontogenic
lesions in contrast to the 30 in the 3™ classification, and
there is around 50% increase in the number of entities
when compared to the previous classification.”! In order
to simplify the latest classification, tumors have merely
been classified into benign and malignant.

Three new lesions were included in the list of odontogenic
tumors namely sclerosing odontogenic carcinoma,
odontogenic carcinosarcoma and primordial odontogenic
tumor.[”) Although only nine cases of sclerosing
odontogenic carcinoma,/” seven cases of primordial
odontogenic tumor®! and less than ten cases of
odontogenic carcinosarcomal®”! have been reported in
literature, these have been newly included in the current
edition of the WHO classification. The WHO classification
is regarded as a standard reference worldwide and therefore,
larger epidemiological studies should be conducted before
inclusion of such rare lesions. These lesions may rather be
included under the (new) heading of “rare lesions” in the
WHO classification.

The decision to remove the term solid/multicystic
ameloblastoma from the current classification is a
good one as it is almost synonymous with conventional
ameloblastomal'>"! [Figure 1]. However, desmoplastic

ameloblastoma, which was subclassified as a separate
clinical type in the WHO 2005 classification, was
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Figure 1: Follicular ameloblastoma (Courtesy of Dr. V. Ramesh,
Professor and Dean, MGPGI Dental Sciences, Puducherry, India)

re-included only as a histological subtype in the 2017
classification |Figure 2]. This change seems questionable
as desmoplastic ameloblastomas show distinct variations
in their clinical and radiographical presentation and
biological behavior in comparison to other histological
subtypes of ameloblastoma. Furthermore, the hybrid
odontogenic tumors have not been mentioned in the
WHO classification of odontogenic neoplasms despite
reasonably good number of cases being reported in
literature? [Figure 3].

Peripheral ameloblastoma was rightly retained as a separate
clinical entity in the 2017 classification.'” However,
the peripheral varieties of adenomatoid odontogenic
tumor,P?*?* squamous odontogenic tumor% or
calcifying epithelial odontogenic tumorP™™ were not
included in the classification despite adequate evidences

in the literature.

Yet another striking change in the latest classification is
the shift of metastasizing (malignant) ameloblastoma from
the malignant to benign category of tumors!'>'* given that
metastasis is an essential feature of malignancy. This change
is pretty questionable and demands adequate justification.

The next section of the classification involves odontogenic
and nonodontogenic cysts,!”! which, by itself, seems
unfitting, Although cysts appear as swelling, they are in
fact cavities filled with liquid or gaseous substance and not
composed of solid mass. Furthermore, they do not show
neoplastic nature (i.e., unrestrained growth) and hence
certainly do not qualify as neoplasms. Merely owing to
the conceptual overlap of cysts and cystic neoplasms in
odontogenic keratocyst (OKC) and calcifying odontogenic
cyst (COC), the general classification of cysts should not be
altered. Therefore, it is only appropriate for cysts to have

Figure 2: Desmoplastic ameloblastoma

Journal of Oral and Maxillofacial Pathology | Volume 23 | Issue 2 | May-August 2019 181



Sivapathasundharam, et al.: A critical appraisal of the WHO Classification of Odontogenic and Maxillofacial Bone
Tumors (4" edition, 2017)

a separate classification of their own, which may include
cysts of all origins.

The 2017 classification divided odontogenic cysts
into developmental and inflammatory. Inflammatory
odontogenic cysts include radicular cysts and inflammatory
collateral cysts. Developmental odontogenic and
nonodontogenic cysts include dentigerous cysts, OKCs,
lateral periodontal cysts, botryoid odontogenic cysts,
gingival cysts, glandular odontogenic cysts, COCs,
orthokeratinized odontogenic cysts (OOCs) and
nasopalatine duct cysts.!"’)

The most noticeable change in the latest classification
is keratocystic odontogenic tumor and calcifying cystic
odontogenic tumor that were included in the classification
of tumors in 2005 were again brought back under the

heading of cysts in the 2017 classification and are called
OKC and COC, respectively [Figures 4 and 5]. OOC, for the
first time, has been listed as a separate entity!"” [Figure 6]. It

Figure 5: Calcifying odontogenic cyst

has striking features in contrast to OKC with regard to its
histology and behavior, which has prompted it to be called
as a separate lesion rather than a subtype of OKC.F**)

This classification does not list the variants of the lesions
which are however discussed in the text. The lesions such
as “residual,” “apical” and “lateral” cysts are not included
as distinct subsets of radicular cyst, whereas “eruption”
cyst is mentioned only as a variant of dentigerous cyst.
Although this makes the classification less complex, it may

however cause confusion among the clinicians.

Nasopalatine duct cyst [Figure 7], a nonodontogenic
developmental cyst,” has found its place in the list
of cysts in the 2017 classification; however, the other
nonodontogenic developmental cysts such as median
palatine, or palatal cysts of neonates, have not been
included. This remains unexplained. The inclusion of a
soft-tissue cyst such as gingival cyst in the present cyst
classification prompts to question the noninclusion of

Figure 4: Odontogenic keratocyst

-

Figure 6: Orthokeratinized odontogenic cyst
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Figure 7: Nasopalatine duct cyst

nasolabial cyst, also a soft-tissue cyst [Figure 8]. Apart from
the developmental nonodontogenic intraosseous cysts,
the extraosseous cysts and most of the nonodontogenic
cysts (thyroglossal duct cyst, oral lymphoepithelial cyst,
epidermoid and dermoid cysts, salivary cyst, antral cyst,
parasitic cyst and Stafne bone cyst) are also missing from
the current classification.

A separate classification for cysts including odontogenic and
nonodontogenic cysts (developmental and inflammatory)
as well as the other bone and soft-tissue cysts should
be formulated under a possible heading of “cysts of
maxillofacial region” for better clarity. Besides, the title of
the current classification reads “WHO classification of
odontogenic and maxillofacial bone tumours,” and it is
rather imbecile to include cysts as a part of that classification.

The nextsegmentof the WHO 2017 classification consists of
maxillofacial bone tumors.!"” Most of the atticles published
thus far seem to be interested in discussing about only the first
part of the classification (odontogenic)."*!%** However,
the heading of this classification is “WHO classification
of odontogenic and maxillofacial bone tumours” which
includes other bone tumors of nonodontogenic origin and
is therefore equally important to throw adequate light."’

In the previous edition, few nonodontogenic lesions were
arbitrarily included under the title of “WHO histological
classification of odontogenic tumours,” the reason for
which was not justified.'” In the current classification,
however, this list was expanded further to include 19
more lesions. According to the WHO group, these
tumors “either have jaws or other maxillofacial bones
as their predilection sites or are important in view of
their differential diagnosis.”!"”! However, some of these
lesions, for example, chondroma, chondrosarcoma and

A B _‘A'

Figure 8: Nasolabial cyst

osteosarcoma, though occur in the jaws, do not essentially
show greater predilection for this site.l!! In addition,
listing of unrelated entities together under a specific
heading does not seem to be logical (e.g, central giant cell
granuloma, peripheral giant cell granuloma, aneurysmal
bone cyst [ABC] and simple bone cyst [SBC]).["! If it
were to acknowledge these lesions just for the sake of
differential diagnosis, the list still appears incomplete.
Thus, grouping other maxillofacial tumors under a separate
classification would be better as they differ significantly
from odontogenic neoplasms.

The WHO Blue Book of Classifications is based
on the topography of the lesions included in the
classification.”®) However, in the “WHO classification of
odontogenic and maxillofacial bone tumours,” the first
segment containing the odontogenic neoplasms seems
to be based on the origin of the lesions (odontogenic)
and the next part of the classification, on origin as well
as topography of the lesions. This is rather unclear
and creates difficulty in comprehending the basis of
classification of the odontogenic and maxillofacial
bone tumors as it appears to be a mix of both. While
there seems to be a uniformity in the classification of
other neoplasms in the WHO blue book, this is surely
an exception.

Chondrosarcoma and osteosarcoma have been included in
the present classification under the heading of malignant
maxillofacial bone and cartilage tumors [Figures 9 and 10].
However, fibrosarcoma, which is also a malignant neoplasm
occurring in the jaws, is left out [Figure 11]. Although
fibrosarcoma is a neoplasm of the fibroblasts, and not the
cartilage or bone, this neoplasm also occurs in the jaws.*!
Therefore, this remains quite unexplained and further
fuels our observation of the ambiguity in the basis of
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Figure 9: Chondrosarcoma (Courtesy of Dr. Madhavan Nirmal,
Professor and Head, Department of Oral Pathology, Raja Muthaiah
Dental College, Chidambaram, Tamilnadu, India)
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Figure 11: Fibrosarcoma (Courtesy of Dr. Prathiba Ramani, Professor
and Head, Saveetha Dental College, Chennai, Tamilnadu, India)

classification of these neoplasms (topography/tissue of
origin?). Strangely enough, desmoplastic fibroma, despite
being a benign neoplasm of fibroblastic origin, is included
in the list of benign maxillofacial bone and cartilage tumors,
further highlighting the disparity.

Moreover, with the inclusion of osteosarcoma in the current
classification, it only seems natural to include Ewings sarcoma
and the like, which also occur in other bones [Figure 12].
The oral vasoformative tumors (central hemangioma,
central lymphangioma, etc.) and locally aggressive fibrous
lesions (fibrous histiocytoma, nodular fasciitis, etc.)*’ have
also been given a miss from the classification.

Fibro-osscous lesions namely fibrous dysplasia,
cemento-ossecous dysplasia, ossifying fibroma or
familial gigantiform cementoma should ideally be
classified under a separate heading. Fibrous dysplasia is
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Figure 10: Osteosarcoma (Courtesy of Dr. Madhavan Nirmal, Professor
and Head, Department of Oral Pathology, Raja Muthaiah Dental
College, Chidambaram, Tamil Nadu, India)

Professor of Pathology, Sri Ramachandra Institute of Higher Education
and Research, Chennai, Tamilnadu, India)

essentially a developmental anomaly, wherein bone gets
replaced by fibrous tissue, whereas ossifying fibroma,
cemento-osseous dysplasia or familial gigantiform
cementoma are either reactive or dysplastic, derived
from periodontal ligament, extraligamentary bone or
remnants of cementum.*>*! Although they occur in
the jaws and may even present as swellings, they do not
show neoplastic nature and can be classified separately.
Cherubism, a genetically inherited developmental anomaly
affecting the jaws of children, also seems unfitting in the
classification of neoplasms for the same justification as
fibro-osseous lesions.*!

The current classification encompasses certain lesions
under the heading of giant cell lesions and bone cysts.
However, there exist several other lesions that contain
giant cells and are also found in the jaws (giant cell
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tumor (?), Brown’s tumor),*” which have not been included
in the list. Interestingly, peripheral giant cell granuloma
has found a place in the classification of odontogenic and
maxillofacial bone tumors, which is rather bizarre as it is
a reactive lesion which does not occur in the bone and is
neither a counterpart of central giant cell granuloma.!*"!
In that case, fibroma and fibroepithelial polyp may also
be included in the classification of odontogenic and
maxillofacial tumors given their similarities with
peripheral giant cell granuloma.

The “bone cysts” that have been included under “giant cell
lesions and bone cysts” are ABCs and SBCs. This is pretty
enigmatic as both ABC and SBC are only pseudocysts!™
and to top it, most cysts discussed under this classification
occur in the bone/jaws; therefore, a separate subheading
of “bone cysts” under the main classification seems
unnecessary. They can rather be included in the cyst
classification with a separate heading of “pseudocysts.”

The list of hematolymphoid tumors in the current
classification includes solitary plasmacytoma of bone
alone.™ However, Burkitt’s lymphoma, primary lymphoma
of bone, multiple myeloma, etc., are other hematolymphoid
tumors that occur in the jaws!**>l but are not involved in
the classification of maxillofacial bone tumors, which also
remains arguable.

CONCLUSION

To conclude, this commentary strives to highlight the
limitations of the 4" edition of the WHO Classification
of Odontogenic and Maxillofacial Tumours. This may not
be ideal and most certainly not the end of nomenclature or
classification of odontogenic and maxillofacial neoplasms.
Science is a constant revelation, and the medical field is
no different. With the development in molecular biology,
diseases and classification will surely be on progressive
evolution. It is only fair and just to make the best possible
use of the resources and information at hand and conduct
wider epidemiological surveys involving the developed
as well as the developing countries, in order to make the
WHO classification truly universal and the highest possible
reference standard worldwide.
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