Head and Neck Pathology (2021) 15:875-881
https://doi.org/10.1007/s12105-021-01307-7

ORIGINAL PAPER q

Check for
updates

Clinicopathological Profile of 80 Cases of Unicystic Ameloblastoma
Aided by a Histopathological Comparison Using Modified
Philipsen—Reichart Classification and Marx-Stern Classification

Rahul Anand’ - Anjali Narwal' - Deepak Pandiar'©® - Mala Kamboj' - Anju Devi' - Shikha Saxena? -
Krishna Sireesha Sundaragiri? - Vijay Wadhwan? - Vandana Reddy? - Jiji George*

Received: 12 January 2021 / Revised: 5 February 2021 / Accepted: 6 February 2021 / Published online: 27 February 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract

Unicystic ameloblastoma (UA) is an uncommon variant of ameloblastoma and behaves totally different from the solid
multicystic variant of ameloblastoma (SMA); furthermore the histological subgroups of UA also show varied behavior
regarding proliferation. The present multi-centric study was designed to present the clinicopathological features of unicystic
ameloblastoma (UA) and to compare the two popular histological classifications systems. 80 satisfactory cases of UA were
retrieved and evaluated for clinicopathological parameters from four teaching dental schools of North India. The cases
were classified using modified Reichart and Philipsen system and Marx and Stern system followed by comparison of inter-
observer variability. The results were analyzed using SPSS software. The mean age of occurrence was 30.79 + 16.49 years.
Males outnumbered females (M:F::1.67:1). The majority of cases occurred in the third decade irrespective of the gender.
Most cases were found in body—angle-ramus region of the mandible. The modified Reichart and Philipsen classification
yielded better interobserver agreement (kappa value 0.845). The modified Reichart and Philipsen classification yields better
inter-rater agreement and is easy to reproduce amongst oral pathologists. Being simpler it may easily be understood by the
operating surgeon for better treatment outcome.
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Clinicopathological profile of 80 cases of unicystic amelo-  Introduction
blastoma aided by a histopathological comparison using
modified Philipsen—Reichart classification and Marx—Stern ~ Generated at any stage in the life of an individual, odon-
classification. togenic tumors (OTs) are heterogeneous group of lesions
derived from odontogenic apparatus comprised of the
odontogenic epithelium, the ectomesenchyme and/or the
mesenchymal elements [1]. Ameloblastoma is a benign
odontogenic tumor that most commonly presents as a radi-
olucency of the posterior mandibular region [1-3]. It has
04 Deepak Pandiar been considered as a locally aggressive neoplasm that may
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[5]. UA behaves totally different from solid multicystic vari-
ant of ameloblastoma (SMA); furthermore the histological
subgroups of UA also show varied behavior regarding pro-
liferation. Ackermann et al. in a clinicopathological study
of 57 cases classified UA into 3 histological groups. The
classification was further modified by Philipsen and Reichart
[6, 7]. Another histological sub-grouping was put forwarded
by Marx and Stern [8].

No previous attempts have been made in the literature to
compare the most commonly used classification systems of
unicystic ameloblastoma. The aim of the present multi-cen-
tric study was thus to present the clinicopathological profile
of unicystic ameloblastoma and to classify them according
to different histological classification systems available in
the literature followed by analysis of inter-rater agreement
between these commonly used sub-grouping systems. This
comparison could be beneficial for pathologists and operat-
ing surgeons alike.

Methodology

Data files were retrieved retrospectively from the archives
of four dental teaching institutions of North India. Eighty
satisfactory cases of unicystic ameloblastoma were included
in the present study after reassessing the diagnosis. Slides
without histopathological criteria for the definitive diagnosis
of UA and cases without slides and corresponding paraffin-
embedded tumor specimens were not included. Furthermore,
the cases showing invasion beyond the cyst wall (i.e., invad-
ing into the bone) were excluded as they were no longer
considered as UA and managed akin to solid multicystic
ameloblastoma (Fig. 1).

Data was analyzed for age, gender, site, radiological fea-
tures, symptoms and treatment. The maxilla and mandible
were divided into four quadrants each as follows: (a) quad-
rant I: involved tooth number 11 to tooth number 18 includ-
ing maxillary tuberosity region, (b) quadrant II: involved
tooth number 21 to tooth number 28 including maxillary
tuberosity region, (c) quadrant III: involved tooth number
31 to tooth number 38 including angle and ramus region
and (d) quadrant IV: involved tooth number 41 to tooth
number 48 including angle and ramus region. The lesions
crossing the midline were recorded separately. Histological
evaluation was done independently by two observers using
Modified Philipsen and Reichart histological sub-grouping
and Marx and Stern classification [6, 7]. Any disagreement
regarding diagnosis was resolved by uniform consensus
using a penta-headed microscope.

The results were entered in Microsoft excel spreadsheet
2013 and final statistical analysis was done on IBM SPSS
software (version 21.0, IBM Analytics, Armonk, New York,
US). Descriptive statistics was done for frequency counts.
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Fig. 1 Photomicrograph of an H and E stained sections from a case
of maxillary unicystic ameloblastoma showing invasion of mural fol-
licles into the bone; a X 40 and b x 100

Inter-observer variability was determined by kappa statistics

[9].

Results
Clinico-demographic Profile

The present multi-institutional study yielded 80 cases of
unicystic ameloblastoma. The mean age of occurrence was
30.79 +16.49 years (range 7-70 years). Males outnumbered
females by a ratio of 1.67:1 (M50: F30). The majority of
cases occurred in the third decade irrespective of the gender.

Most cases were located in the mandible (74 cases;
92.5%) in contrast to only 6 maxillary cases (7.5%). In
mandibular region, 41 cases (51.2%) involved the left
quadrant and 26 cases (32.5%) were seen in the right
quadrant. 7 Mandibular cases were seen in the anterior
region (8.8%) crossing the midline. In maxillary seg-
ments, 5 cases (6.3%) involved the second quadrant
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and a single case was recorded that crossed the midline
(1.3%). As shown in Fig. 2 most cases were found in
body—angle-ramus region of the mandible.

For 21 cases the exact radiographic description was not
available in the archival files. Of remaining 59 cases, 37
cases were explained as unicystic/unilocular and rest 22
cases were described as multilocular on radiologic exami-
nation. Root resorption of one or more associated teeth
was mentioned in 33 cases. For 14 cases only incisional
biopsy was done while 66 cases were excised in toto and
none of the excised cases recurred.

Histopathological Data and Interobserver
Agreement Between Two Classification Systems

The cyst lining in all 80 cases was composed of amelo-
blastomatous epithelium, major portions however, lacked
the typical appearance and resembled dentigerous cyst,
inflamed radicular cyst or was non-specific (Fig. 3).
Serial sections and extensive grossing aided in the identi-
fication of ameloblastomatous epithelium. Figure 4 shows
the histological subgroups of UA. Juxtaepithelial hyalini-
zation was noted in nearly half of the cases (Fig. 4c). All
cases were classified and compared using two histopatho-
logical grading systems.

Modified Philipsen and Reichart Classification
System

33.8% of the cases (n=27) were categorized under 1.2.3
category (luminal, intraluminal and mural), followed by
31.3% in 1.3 (luminal, mural; n=25), luminal + intralu-
minal (n=15; 18.8%) and luminal UA (n=13; 16.3%).
Kappa value of 0.845 suggested a very strong inter-
observer agreement.

Fig.2 Figure depicting number
wise distribution of maxillary
and mandibular cases. Most
cases were noted in the body—
angle-ramus of the mandible

Marx and Stern Classification System

In Marx and Stern system, ITA category comprised the
maximum cases (n=33, 41.3%), followed by categories
IB (n=15), IA and IIB (n=10 each), IIIA (n=9) and I
(n=3) in the same descending order. Kappa value of 0.522
suggested a moderate agreement between the observers.
(Table 1).

Table 2 shows the detailed clinicopathological profile of
80 cases of UA included in the present study.

Discussion

The term ‘unicystic ameloblastoma’ was coined owing to the
macroscopic and microscopic presentation of the pathology
and the subsequent histopathological features describing a
large cystic cavity lined partially or completely by odon-
togenic epithelium. Much of the perplexity regarding the
terminology and histologic classification stems from the fact
that the pathology presents as a unilocular or multilocular
intrabony lesion on radiographs. The two most popular
classification systems followed worldwide are by Marx and
Stern and the other one by Philipsen and Reichert [7, 8].

The present study was an attempt to describe the clin-
icopathological features of unicystic ameloblastoma cases
retrieved from multiple teaching dental schools of Northern
India. Further we aimed to compare the two most commonly
used classification systems i.e. Philipsen and Reichart sys-
tem [7] (modified from Ackerman et al.) and Marx and Stern
classification system [8]. The first systematic sub-categori-
zation of UA was done by Ackerman et al. in 1988 in their
classic paper comprising of details from 57 cases reported
over a period of 30 years [6].

Odontogenic tumors have peeked interest amongst oral
pathologists for several decades which has resulted in vary-
ing classifications and categorization of these tumors. These
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Fig.3 Photomicrograph of an H and E stained sections showing a
dentigerous cyst like lining (X 40), b nonspecific non-keratinized epi-
thelium (X 40) and c radicular cyst like epithelium with arcade for-
mation (X 40)

odontogenic tumors constitute primarily of hamartomatous,
non-neoplastic lesions, benign tumors and malignant neo-
plasms. Ameloblastoma is one such benign odontogenic
tumor for which different classifications have been devised
for its better categorization and understanding.

Unicystic ameloblastoma is a far less frequent growth
pattern encountered and comprises 6% of all intraosseous
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ameloblastomas [2, 10]. The present study depicted that
most cases affected the mandibular posterior region which
can be owed to the fact that the odontogenic epithelium
could still be active in the molar region developing compara-
tively later and thus might act as a potential source for the
pathology. These findings are in concordance with the pub-
lished data [6, 11, 12]. The present study revealed a mean
age of 30.79 + 16.49 years which was comparatively higher
than previously reported studies [6, 11]. The recent system-
atic review comprising of 132 UA cases also demonstrated
a lower mean age than the present study [13]. Concordant
with the published literature, a male predilection was noted
(1.67:1) [6, 11]. In contrast to these findings, almost equal
preponderance was noted in many other published papers
[12-14].

A slightly higher mean age was established in our study
with most cases affecting the fourth decade of life. Literature
illustrates a higher average age of initial diagnosis in devel-
oped nations as compared to developing nations. Dodge
insinuated that accelerated ageing process in developing
countries could be due to poor healthcare measures which
could stand true in the present study as well [15]. In the sys-
tematic review on UA in children conducted by Seintou A
et al., the authors concluded that painless swelling is univer-
sally reported as the chief complaint [14]. This may be cor-
related with the presentation of patients to hospital only in
the presence of debilitating symptoms in developing nations
complicated by lack of regular dental/medical checkups. On
the contrary, ameloblastomas are frequently detected during
routine dental check-ups in developed countries with better
healthcare norms [16]. It has been reported that UA tends to
occur at a lower age as compared to solid multicystic vari-
ants of ameloblastoma [11]. A logical speculation made by
Ord RA et al. could explain the prevalence of UA at younger
age. They opined that development of UA represents a con-
tinuum from odontogenic cyst to cyst with ameloblastoma
developing in the lining only and ultimately to mural uni-
cystic ameloblastoma and local bony invasion akin to SMA
with advanced age [17]. The de novo cases may however
not be explained with this speculation. Thus, a higher mean
age of patients from North India in the present study could
collectively be due to lack of symptoms of UA, no regular
dental visits, and late self presentation.

Clearly, the mandible was affected more commonly
than maxilla (12.3:1) similar to previous other studies [6,
11, 18]. The same holds true for solid multicystic variant
of ameloblastoma. Observations from the present series
showed that the most common radiographic description
was unicystic/unilocular. Multilocular appearance was
not uncommon (22/80). We could not classify UA cases
into dentigerous or non-dentigerous radiographic variants,
as the observations were collected from archival medical
records. As found in the present series, presence of root
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Fig.4 Photomicrograph of an H and E stained sections showing a
luminal unicystic ameloblastoma (x 100, inset shows abrupt transi-
tion to parakeratin), b luminal and intraluminal variant of unicystic

ameloblastoma (X 40), ¢ luminal and mural unicystic ameloblas-
toma with juxtaepithelial and perifollicular hyalinization (x 100) and
d luminal, intraluminal and mural unicystic ameloblastoma (x 40)

Table 1 Inter-observer
agreement between two
observers as deciphered by
kappa value (P value <0.05 is

considered as statistically
significant)

Classification system Number of  Kappa value  Asymptotic Approxi- Approxi-
valid cases standard error mate T mate signifi-
value cance
Modified Philipsen and Reich- 0.845 0.049 12.717 0.000
art classification
Marx and Stern classification 0.522 0.066 9.913 0.000

resorption of associated teeth should alert to the possi-
bility of ameloblastoma [17]. In a detailed examination
of internal morphology of ameloblastomas, Ngwenya
et al. supported the usage of the terms ‘unilocular’ and
‘multilocular’ rather than ‘unicystic’ and ‘multicystic’ to
describe the radiological appearances of ameloblastoma
[19]. A real distinction can however be made after micro-
scopic examination of the resected specimen [14]. Then

again, one might not always be able to get the specimen
as a whole, which may further jeopardize the diagnosis.
Therefore, it must always be correlated clinically and
radiologically. The concept of a ‘unicystic multilocular
ameloblastoma’ suggested by Reichart et al. may not be
thus completely overlooked [2]. Gardner DG did not sup-
port the aforementioned view [20]. Multilocularity could
be ascribed to pseudopod like cystic extension with in the
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Table 2 Detailed clinicopathological profile of 80 cases of unicystic
ameloblastoma

Parameter
Gender
Male 50
Female 30
Mean age
Overall 30.79+16.49
years
Site
Maxilla 6
Mandible 74
Radiographic features
Not available 21
Multilocular 22
Unicystic/unilocular 37
Histopathology
Philipsen and Reichart classification
o Subgroup 1 13
e Subgroup 1.2 15
e Subgroup 1.3 25
e Subgroup 1.2.3 27
Marx and Stern classification
e Subgroup I 3
e Subgroup IA 10
e Subgroup IB 15
e Subgroup ITA 33
o Subgroup IIB 10
o Subgroup IITA 9

cyst wall encapsulating a common cavity [11], unequal
growth potential or dissimilar rate of bone resorption.
Categorization of this benign yet sometimes aggressive
pathology is vital from the pathologists and surgeon’s per-
spective as the treatment could differ drastically depend-
ing upon the classification which is centered on the extent
of tumor invasion. The difference not just lies histopatho-
logically but also in expression of various immunomark-
ers amongst subtypes. Previous studies have found lowest
PCNA and Ki-67 index in the luminal component as com-
pared to intraluminal and mural areas depicting differences
in proliferative potential between different components of
unicystic ameloblastoma [21]. Similar findings for Ki-67
were reported in another study [22]. It may thus be prudent
to believe that histological sub-typing of UA may not only be
of academic interest but also dictates the treatment modality.
In this maiden attempt to compare two universally
accepted classification systems, we found a very strong
inter-observer agreement using the modified Reichart and
Philipsen classification system (kappa value — 0.845). The
classification appears to be simple and easy to reproduce
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amongst pathologists in contrast to Marx and Stern clas-
sification which generated a moderate agreement between
two observers (kappa value — 0.522). There is a need of
a universal system which is easily reproducible amongst
pathologists and surgeons alike, since the treatment modal-
ity largely depends on the histological subtype of unicystic
ameloblastoma.

Juxtaepithelial hyalinization as noted in around half of the
cases was previously reported by Li et al. [11]. They sug-
gested sub-epithelial hyalinization as a distinguishing feature
from other cyst except calcifying odontogenic cyst. Recent
literature showed juxtaepithelial hyalinization as an addi-
tional factor in odontogenic keratocysts [23]. The authors
suggest that same may be applicable to UA, but we could
not correlate this feature with patient outcome limited by
lack of long term follow-up. Future prospective studies are
warranted to elicit this unexplored yet intriguing feature for
better patient outcome.

The operating surgeon needs to know the extent of pro-
liferation of tumor islands, as the luminal or intraluminal
variant are managed conservatively compared to the lesions
showing mural proliferation. The extent beyond cyst wall
into the bone demands more aggressive surgical procedures.
Surgical implantation of ameloblastomatous foci deep into
the bone has been suggested by vigorous curettage following
limited resection (enucleation). When comparing the differ-
ent treatment modalities, Lau et al., reported lowest recur-
rence rate following resection (3.6%) [13]. Enucleation alone
yielded a recurrence rate of 30.5%, which has been noted to
drop drastically to 16% and 18% when Carnoys’ solution and
marsupialization were respectively used following limited
resection (enucleation) [13, 24].

There were some inherent limitations of the present study.
Firstly, the data may not be representative of the entire popu-
lation as some cases might have been lost to general practi-
tioners and not subsequently submitted for histopathological
examination. Secondly, there was lack of a long term follow-
up. However, it does provide a baseline data for planning
intervention programs for better patient outcome.

Conclusions

The present multi-institutional study compared the two most
common classification systems of UA, and it was found that
the modified Reichart and Philipsen classification yields
better interobserver agreement and is easy to reproduce
amongst pathologists. Being simpler it may easily be under-
stood by the operating surgeon for better treatment outcome.
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