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Abstract

Adenomatoid odontogenic tumour (AOT) is a benign tumour that arises from odontogenic epithelial remnants.
AOTs usually present as innocuous lesions with limited growth potential. Multiple AOTs are frequently
reported in the literature, with reports of tumours associated with up to seven impacted teeth. Multiple AOTs
have also been described in association with Schimmelpenning syndrome. This case report highlights the rare
occurrence of multiple AOTs involving eight impacted teeth in a 9-year-old male patient. Radiographic
examination showed features of enamel hypoplasia and prominent dilated gubernaculum dentis associated with
some of the impacted teeth. The patient also presented with a linear epidermal nevus involving the left face and

intraoral mucosal papillomatous growths, clinical features highly compatible with Schimmelpenning syndrome.

Keywords: Adenomatoid odontogenic tumour, Schimmelpenning Syndrome, Gubernaculum dentis, Multiple
impacted teeth
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Introduction

Odontogenic tumours include a spectrum of lesions with diverse biological behaviours ranging from innocuous
hamartomatous lesions to aggressive neoplasms. Adenomatoid odontogenic tumour (AOT) is a benign tumour
that arises from odontogenic epithelial remnants. Authors have hypothesised that the epithelial source of this

tumour could be derived from the dental lamina or remnants located within the gubernacular dentis [1-4].

Adenomatoid odontogenic tumours are classified into intraosseous lesions, which includes follicular and extra-
follicular variants, and a peripheral variant [1]. In the follicular variant (47-71% of cases), the lesion encircles
the crown of an unerupted tooth, closely resembling a dentigerous cyst [5-7]. The extra-follicular variant (16-
45% of cases) presents in the alveolar bone with no specific relation to teeth [5-7]. The peripheral variant (0.02-
2% of cases) is rare, with limited information on its clinical presentation and biological behaviour [5,7,8]. Some
authors argue that a tooth associated with AOT can erupt, transporting transformed cells to the alveolar bone
(extra-follicular variant) or gingiva (peripheral variant). Age, sex and location similarities between the three
types may support this hypothesis [1]. AOTs usually present as innocuous lesions with limited growth potential,
reaching an average size of approximately 3cm [7,9]. In contrast, a South African review of 33 AOTs showed

extensive growth in more than half of cases [10].

This case report highlights the rare occurrence of multiple AOTs with extensive growth involving numerous
impacted teeth. In addition, the patient presented with a linear epidermal nevus involving the left face and

intraoral mucosal papillomatous growths, clinical features highly compatible with Schimmelpenning syndrome.

Case Report

A 9-year-old male patient presented with a slow-growing tumour of unknown duration involving the left
maxilla. The patient’s mother reported no co-morbidities. A previous neurological examination was normal with
no history of seizures. Extraoral examination revealed multiple raised pigmented lesions arranged in a linear
pattern involving the left side of the face and upper lip (Fig.1). On intraoral examination, the left maxillary
alveolus showed intrabony expansion with unilateral exophytic papillomatous growths involving the palate and
gingival mucosa (Fig.2). There were numerous absent teeth on the left side, with only a displaced permanent

central incisor and canine visible on examination. The deciduous central incisor was over-retained in a labial
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position to the erupted successor. On questioning, the mother of the patient reported no previous history of

extractions.

Figure 1. Clinical image showing multiple raised pigmented lesions arranged in a linear pattern involving the left side of the

face and upper lip

Figure 2. Intraoral image showing expansion of the left maxilla with numerous clinically missing teeth. Unilateral exophytic

papillomatous growths involving the palate and gingival mucosa were also visualised
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A panoramic radiograph showed multiple expansile radiolucent lesions with internal calcifications associated
with numerous impacted teeth (Fig.3). Unfortunately, due to superimposition, the individual impacted teeth
could not be delineated on the panoramic radiograph. Cone-beam computerised tomographic (CBCT) imaging
was performed to examine the extent of the lesions. The lesions resulted in significant expansion and
displacement of the left maxillary sinus floor with associated mucosal thickening (Fig.4). The deciduous teeth
initially suspected to have undergone spontaneous exfoliation, were impacted and contained within the
expansive lesions (Fig.5A-E). A radiolucent lesion with varying amounts of internal calcifications encased each
impacted tooth. The left maxillary permanent lateral incisor exhibited areas of enamel hypoplasia, with a canal-
like structure connecting the pericoronal lesion to the alveolar ridge (Fig.5B). The authors speculated that this
structure represented a dilated gubernacular dentis. A similar phenomenon was seen involving the second
deciduous molar and second premolar (Fig.6). Interestingly, the deciduous molars were impacted superiorly in

relation to their permanent successors. In addition, the first permanent molar was also impacted superiorly in

comparison with the developing second permanent molar.

Figure 3. Panoramic radiograph illustrating multiple mixed radiolucent-radiopaque expansile lesions involving the left

maxilla associated with numerous impacted teeth
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Figure 4. Panoramic reconstruction of the cone-beam computerised tomography (CBCT) scan showing superior

displacement of the left maxillary sinus floor with associated mucosal thickening (arrow)

Figure 5. CBCT images illustrating the impacted teeth. a Sagittal slices of CBCT scan illustrating the impacted left

maxillary deciduous canine and b permanent lateral incisor. Note the enamel hypoplasia (long arrow) and canal-like
structure (short arrow) associated with the permanent impacted lateral incisor. ¢ Sagittal slices also illustrating the impacted
left maxillary permanent premolars and d primary molars with first and developing second permanent molars. e Axial slice

illustrating a horizontally impacted left deciduous lateral incisor
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Figure 6. Sagittal slices of the CBCT scan showing additional canal-like structures (arrows) associated with a the second

premolar and b the second deciduous molar

An incision biopsy was performed from the left upper lip for histological assessment. The specimen consisted of
a papillomatous skin fragment measuring 8x5x4mm. Histological evaluation showed skin represented by
epidermis and dermis only. The epidermis showed uniform acanthosis with hyperkeratosis and broad low
papillomatosis (Fig.7). The basal cell layer showed a slight increase in melanin pigment. The dermis consisted
of fibrous connective tissue with scattered skeletal muscle bundles and a mild, non-specific chronic
inflammatory infiltrate. The clinical presentation and histological features were those of a linear epidermal

nevus.

>

Figure 7. H&E-stained sections showing a papillomatous skin fragment with uniform epidermal acanthosis with
hyperkeratosis (original magnification x 4). Insert: higher magnification of the papillomatous epidermis (original

magnification x 20)
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Two of the intrabony cystic lesions, in the canine and the premolar regions, were enucleated and submitted for
histological assessment. The first specimen (canine region) consisted of an unopened cystic mass measuring 21
x 20mm, with a wall thickness of 4 mm. On sectioning, the cyst was attached to the neck of the tooth. The
second specimen (premolar region) also consisted of a cystic mass measuring 20x15mm, with a wall thickness
of 5 mm. On sectioning, the cyst was partially attached to the neck of the tooth. Histological evaluation of both
specimens showed similar features. Sections showed multiple cystic tumours surrounded by thick fibrous
capsules. The lumens of the cysts contained a nodular proliferation of nondescript odontogenic epithelium with
minimal intervening stroma. These nodules contained variably sized duct-like structures lined by columnar and
cuboidal epithelium, with nuclei showing reverse polarisation. Small foci of round calcifications were frequently

seen within the nodular epithelium (Fig.8). A final diagnosis of adenomatoid odontogenic tumour was made in

both specimens.

Figure 8. a Low-magnification H&E-stained section showing a cystic tumour surrounded by a thick fibrous capsule
(original magnification x 4). b Higher magnification H&E-stained section showing tumour nodules consisting of variably
sized duct-like structures lined by an ameloblastomatous-type odontogenic epithelium with surrounding small foci of

calcification (original magnification x 20)

The presence of a linear epidermal nevus, unilateral intraoral mucosal papillomatous growths and multiple
AOTs were highly suggestive of Schimmelpenning syndrome. Unfortunately, due to financial constraints,
genetic testing was not performed in this case. An ultrasound study of the abdomen and a cardiac Doppler
ultrasound study found no abnormalities. The patient was scheduled for surgical removal of the remaining

tumours with the associated impacted teeth.
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Discussion

Adenomatoid odontogenic tumour (AOT) is a common odontogenic tumour with a reported prevalence ranging
from 0.6-38.5%, depending on the study population [5,6]. The variation in prevalence may be attributed to
genetic diversity in the different population groups. AOTs commonly present during the second decade of life,
with females affected twice as often as males [5,7,9,10]. In a South African study AOTSs represented 4% of all
odontogenic tumours. Interestingly, in this demographic females were affected six times more often than males
[10] AOTs commonly arise in the maxilla with a predilection for the anterior maxilla over the posterior region

[5-7,9]. The maxillary permanent canine is associated in about 51% of cases [6].

Whether AOT represents a neoplasm, hamartoma or cystic lesion is still contentious [11]. Some authors
speculate that due to its indolent behaviour and immunohistochemical profile, AOTs may be more consistent
with a hamartomatous lesion [12,13]. This argument is further supported by studies showing the limited growth
potential and low recurrence rate (0.2%) of the tumour [7,11]. In contrast, large aggressive AOTs with multiple
recurrences have been reported in literature [14-16]. Shakur et al. hypothesised that the overexpression of anti-
apoptotic proteins such as Bcl-2 and Bcl-X confirms the neoplastic nature of the tumour. In contrast, Bcl-X
expression in odontogenic keratocysts was found to be higher than that of AOTs [17]. Several authors have been
suggested that AOT be renamed to “adenomatoid odontogenic cyst”, due to the high prevalence of cystic areas
within the tumour, and its similar clinical presentation and simultaneous occurrence with dentigerous cysts
[8,18,19]. Thakur et al. disagree with this statement, advocating that the cystic presentation stems from a
hyperplastic dental follicle with an area of the lining showing an AOT-like proliferation [11]. Other authors
have termed AOTSs exhibiting prominent cystic features as cystic-AOTs [19]. Another explanation is that the
tumour has areas of cystic degeneration, or that they represent hybrid lesions associated with calcifying

odontogenic cysts or unicystic ameloblastomas [11,20,21].

AOTs may be associated with primary teeth, supernumerary teeth, unerupted third molars and even odontomas
[5,6,20,22-24]. Cases where the tumour was surrounded by a fibro-osseous reaction, or even lesions suspicious
for focal cemento-osseous dysplasia, have been reported [25-27]. An AOT with a concomitant odontogenic
keratocyst has also been reported in a patient with nevoid basal cell carcinoma syndrome/Gorlin-Goltz

syndrome [28].
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Multiple AOTs have been reported in association with Schimmelpenning syndrome (SS) or sebaceous nevus
syndrome [29]. Postzygotic mutations in the HRAS and KRAS oncogenes have been implicated in the
aetiopathogenesis of this neurocutaneous disorder. The majority of these mutations occur sporadically with no
sex predilection [30]. This syndrome is characterised by linear epidermal nevi and neurological disturbances
including seizures, delayed intellectual development and/or mental retardation [29-31]. The epidermal nevi
characteristically run along the lines of Blaschko [29-31]. Less frequently cardiovascular, genitourinary,
skeletal or ophthalmic abnormalities may also be present [29,30]. Common intraoral findings include exophytic
papillomatous growths of the mucosa that can be continuous with the epidermal lesions [29,31]. In this
syndrome, the impacted teeth associated with multiple AOTs often exhibit enamel hypoplasia [29]. Other
authors have reported a SS patient with an AOT and misshapen/pigmented teeth, possibly representing another
form of enamel hypoplasia [32]. The authors speculate that the involvement of multiple AOTs with deciduous
teeth may be due to the KRAS mutation occurring early in embryogenesis [29]. The current case shares many
similarities with reports of SS including the linear epidermal nevi, mucosal exophytic papillomatous growths,
enamel hypoplasia and multiple AOTs. However, the patient did not exhibit any neurological or other organ
system abnormalities. Davies and Rogers reported that the incidence of neurological disturbances was only

clinically detectable in 7% of patients in a 196 cohort [33].

The gubernaculum dentis is a normal anatomic structure consisting of a fibrous band, the gubernacular cord,
running in a bony canal termed the gubernacular canal. This canal connects the dental follicle of a developing
successor tooth to the alveolar crest, forming an eruptive pathway [1]. Authors speculate that remnants of the
dental lamina within gubernacular dentis play a role in the aetiopathogenesis of AOT [1,34]. Several reports in
literature have highlighted the radiographic presentation of AOTs associated with the gubernaculum dentis

[1,35].

Radiographically, AOTs usually present as a unilocular radiolucent lesion with well-defined borders commonly
containing irregular radiopacities, referred to as snow-flake calcifications [7,36,37]. These radiopacities
represent dystrophic calcifications within the tumour and have been reported in 77% of AOTs [9]. Rare,
multilocular variants with ill-defined borders have been reported in the literature [7,9,36]. The radiographic
appearance of the current case supports multiple AOTS, rather than the rare multilocular variant, as a unilocular

radiolucent lesion surrounds each impacted tooth. Similar findings have been reported in patients presenting
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with multiple synchronous AOTs with numerous impacted successor teeth [20,24]. In the current case the
position of the primary teeth is most likely due to displacement caused by the individual expansive lesions. It
can be speculated that these lesions first occurred in the primary teeth, causing displacement, and only
subsequently affected the successor teeth. In most instances AOTs represent small lesions, however, large
lesions measuring up to 12cm have been previously reported [9,14,20,38]. The individual lesions in the current
case measured up to 2cm in greatest diameter. Expansion is a common feature associated with AOT [7,9,20].
Other uncommon aggressive features, such as root resorption, cortical destruction and soft tissue infiltration
have also been reported [7,9,15,16,20]. The current case presented with left maxillary sinus displacement
accompanied by mucosal thickening. Whether this represented a nasal blockage or a soft tissue reaction can
merely be speculated. Similar findings of nasal blockage with exudate formation have been previously reported

in association with AOTS [6].

Larsson et al. presented an unusual case of a patient presenting with a 5-year history of 12 AOT-like lesions
involving multiple quadrants. In addition, the patient presented with malformed teeth, illustrating a disturbance
in enamel formation, as well as taurodontism-like features. Although these lesions showed AOT-like features on
histological examination, a final consensus was not reached and the possibility of a new odontogenic entity was
speculated [39]. The multiple lesions in the current case were different to the case reported by Larsson et al., as
the lesions were limited to one quadrant of the maxilla. A report by Tsaknis et al revealed multiple AOTs

associated with seven impacted teeth [38].

The typical treatment of AOTSs involves surgical enucleation with removal of the associated tooth/teeth [7].
Marsupialisation with successful long-term eruption of the associated tooth/teeth have been reported in the
literature [40,41]. Long-term follow-up studies with additional research are needed to evaluate the effectiveness

of the different proposed treatment modalities.

Conclusion

The current case has many overlapping features with the case published by Chaves et al [29], and clinical
features highly suggestive of Schimmelpenning syndrome. This represents a unique case of multiple AOTs
associated with eight impacted and displaced deciduous and permanent teeth. To the authors' knowledge

multiple AOTSs associated with eight impacted teeth is the highest number reported in English literature. The
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multiple lesions were only found in one quadrant of the jaw, with the associated teeth showing enamel
hypoplasia. In addition, there was radiographic evidence of the gubernaculum dentis associated with AOTSs.
These unique features were clearly visible on CBCT imaging and may be used as a reference to strengthen the

different theories regarding the development and behaviour of AOTSs.
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