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Abstract

Background Cystic lesions of the gnathic bones present challenges in differential diagnosis. This category includes a smor-
gasbord of odontogenic and non-odontogenic entities that may be reactive or neoplastic in nature. While most cystic jaw
lesions are benign, variability in biologic behavior makes distinction between these entities absolutely crucial.

Methods Review.

Results Two clinical cases are presented in parallel and are followed by an illustrated discussion of the ten most likely dif-
ferential diagnoses that should be considered when confronted with a cystic jaw lesion. Strong emphasis is placed on the
histologic differences between these entities, empowering readers to diagnose them with confidence. Perhaps even more
importantly, the more common diagnostic pitfalls in gnathic pathology are discussed, recognizing that a definitive diagnosis
cannot be rendered in every situation. The histologic diagnoses for the two clinical cases are finally revealed.

Conclusion Cystic lesions of the maxilla and mandible may be odontogenic or non-odontogenic. The most common cystic
lesions are the reactive periapical cyst, and the dentigerous cyst (which is developmental in nature). It is important to note
that cystic neoplasms also occur in the jaws, and that the presence of inflammation may obscure the diagnostic histologic
features of lesions like odontogenic keratocyst and unicystic ameloblastoma. Ancillary testing is of limited diagnostic value
in most scenarios. However, both clinical and radiographic information (such as the location, size, duration, associated
symptoms, and morphology of the lesion in its natural habitat) are significantly useful.
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Introduction

The unique denizens of the maxilla and mandible are, of
course, teeth. Odontogenesis, or tooth development, occurs
early in life, in two stages: primary teeth are formed first,
and are replaced with secondary teeth as our jaws grow and
stabilize. The cells that form our teeth are specialized, and
tooth buds contain both epithelial and ectomesenchymal
components. After odontogenesis is complete, remnants of
these original formative structures remain in the gingiva and

< Anne C. McLean
Anne.McLean@UTSouthwestern.edu

Department of Pathology, University of Texas Southwestern
Medical Center, Dallas, TX, USA

Department of Oral Diagnosis, The State University
of Campinas, Piracicaba, Sdo Paulo, Brazil

Clements University Hospital UT Southwestern Medical
Center, 6201 Harry Hines Blvd, RM UH04.252, Dallas,
TX 75390, USA

gnathic bones and are known as odontogenic epithelial rests
of Serres and Malassez, respectively. When stimulated by
inflammatory or genetic impetuses, these rests may activate
to develop odontogenic cysts and tumors. Most odonto-
genic cysts are reactive and caused by odontogenic infec-
tion that travels down the affected tooth’s root canal system
into the periapical bone (periapical cyst). The remainder are
developmental in nature, and some of these processes are
known to be under genetic control (for example, the major-
ity of odontogenic keratocysts exhibit mutations in PTCH]I).
Accurate classification of odontogenic cysts is essential
because of the spectrum of biologic behavior exhibited by
these lesions, which directly affects patient treatment and
clinical outcomes. While histologic examination remains
the most important diagnostic factor, it is essential (albeit
a bit unnerving) to note that there is significant histologic
overlap between different odontogenic cysts, with inflam-
mation potentially obscuring the true nature of the process.
Examination of as much of the cyst lining as possible is
strongly encouraged because this increases the likelihood
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of an accurate diagnosis. To confound matters further, some
odontogenic tumors are known to be predominantly cystic:
misdiagnosis may occur if the cyst lining epithelium is not
scrutinized at high magnification.

The jaws may also house cystic lesions that are not odon-
togenic in origin. Just a handful of these lesions are true
cysts, lined by epithelium (e.g., nasopalatine duct cyst). The
simple bone cyst is a degenerative pseudocystic process that
is similar histologically to those occurring in non-gnathic
bones. The aneurysmal bone cyst is a neoplasm that often
shows cystic change but contains a significant solid compo-
nent as well. While additional non-odontogenic cysts occur
in the jawbones, the aforementioned processes are the most
common and just they will be discussed in the differential
diagnosis.

Clinical Case Descriptions
Case 1

A 56-year-old female presented to her general dentist with
a swelling of the right anterior mandible. The lesion gradu-
ally increased in size over the past several months and the
patient had no pain but noted that her teeth had shifted in
position. She had a noncontributory medical history. A
panoramic radiograph (Fig. 1A) revealed a well-demarcated
unilocular radiolucent lesion situated between the roots of
teeth #26 and 27, causing expansion and tooth displacement.
Both teeth had been endodontically treated. At surgery, a
cystic lesion with a thin lining was curetted out of a bony

Fig. 1 Clinical case descrip-
tions. A Panoramic radiograph
of Case 1 shows a radiolucent
lesion of the anterior mandible,
associated with and displac-

ing two teeth. B At surgery in
Case 1, a cystic cavity with
focal debris was discovered.

C Panoramic radiograph of
Case 2 reveals a similar well-
defined radiolucent lesion of the
anterior mandible, associated
with two anterior teeth. D At
surgery in Case 2, a solid tumor
was “shelled out” of a bony cav-
ity with ease
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cavity (Fig. 1B), which contained some whitish debris with
a cheese-like consistency. The submitted clinical diagnosis
of the removed lesion was radicular (periapical) cyst.

Case 2

A 28-year-old female presented with a nontender swelling of
the left anterior mandible, gradually increasing in size over
the past 4 months and resulting in tooth displacement. A
panoramic radiograph (Fig. 1C) demonstrated a well-delin-
eated unilocular, radiolucent cystic lesion between teeth #22
and 23, with obvious tooth displacement; root canals had
been performed on both teeth. A cystic lesion with a thick
capsule was relatively easily shelled out of the mandible
(Fig. 1D), with intraluminal solid material. The submitted
clinical diagnosis was Pindborg tumor.

Discussion of Differential Diagnoses
Odontogenic Cysts

Dentigerous Cyst

The dentigerous cyst (DC) is a benign odontogenic cyst
that is associated with the crown of an unerupted tooth
(Fig. 2 A). It is the most common developmental odon-
togenic cyst (representing 20% of all odontogenic cysts),
and often develops around third molars. Less commonly,
DC may develop in association with maxillary canine or
mandibular premolar teeth [1]. Because persons between
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Fig.2 Anatomic locations of
gnathic cystic lesions. A A
dentigerous relationship is
exemplified by the cystic lesion
seen here, developing around
the crown of an impacted

tooth 20 in the left posterior
mandible. B This well-defined
radiolucent lesion is in a peri-
apical location, directly beneath
tooth roots. C At times, multiple
cystic lesions may occur, as in
this panoramic radiograph of a
patient with Gorlin syndrome

the ages of 16 and 25 are routinely screened and are often
referred to have their wisdom teeth (3rd molars) removed,
DC is seen with increased frequency in this patient popula-
tion. However, DC may occur in people of any age [2]. In
children with mixed dentition, a DC developing around an
unerupted permanent tooth may be mistaken for a periapical
cyst from the primary tooth. DC appears on radiographs as
a well-corticated radiolucency which is usually unilocular.
Most patients are asymptomatic, but DCs may become large
and cause jaw expansion. By definition, the cystic lining in
DC is attached to the cemento-enamel junction, at the neck
of the tooth [3].

Histologically, DC appears as a squamous-lined cyst,
often with inflammation in the fibrous connective tissue
wall. The cyst lining epithelium may exhibit some variability
in thickness, ranging from 1 to 2 cell layers to 6-8 cell layers
thick (Fig. 3A). The interface between the epithelium and
the cyst wall is usually flat. However, if the DC is inflamed
(as they often are), the squamous epithelium may prolifer-
ate and develop rete ridges, acanthosis, and/or spongiosis
[2]. Cholesterol clefting may be present if the cyst ruptures.
Additionally, DC may contain Rushton bodies (Fig. 3 C)
and mucous cells (Fig. 3B); sebaceous cells and cilia are
rare [4]. This is a direct reflection of the pluripotentiality of
odontogenic epithelial cells. The fibrous connective tissue
cyst wall is myxoid to fibrotic (normal dental follicular tis-
sue is myxoid in nature), and odontogenic rests of Malassez
may be identified (Fig. 3B). Occasionally, these rests are

misinterpreted as primary intraosseous or metastatic car-
cinoma. However, they are cytologically bland. Dentiger-
ous cysts may become quite large, but they are indolent in
nature. Removal of the associated tooth with curettage of
the cyst is sufficient treatment, and DC typically does not
recur [3, 5].

The key differentials to consider when diagnosing a DC
include hyperplastic dental follicle, glandular odontogenic
cyst (GOC), odontogenic keratocyst (OKC), and cystic
ameloblastoma. A hyperplastic dental follicle occurs when
the normal dental follicle around an unerupted tooth grows
larger (i.e., greater than 2.5 mm in diameter from the edge of
the tooth crown). Hyperplastic dental follicles histologically
consist of a myxoid follicular wall with varying amounts
of squamous epithelium and reduced enamel epithelium (a
residual bilayer of cuboidal cells with eosinophilic cyto-
plasm that is inactivated after odontogenesis). There is
significant overlap with the histologic features of DC, and
the distinction is often made based on the clinical size of
the lesion (i.e., the lesion may be called DC if the diam-
eter is 5 mm or greater). GOC enters the differential when
a DC has uncommon or unusual features, such as mucous
cells, cilia, or cuboidal cells. However, a threshold must be
met to diagnose a GOC with confidence, and this will be
addressed later. OKC has classic histologic features includ-
ing a palisaded basal layer and “corrugated” parakeratin
toward the cyst lumen. Inflamed examples of OKC may be
pretty tough to classify, as they lose these distinguishing
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Fig.3 Dentigerous cyst and
periapical cyst. A This DC at
low power demonstrates an
epithelial lining and a fibrous
connective tissue wall (4x). B
Odontogenic rests of Malassez
may blend with the cystic lining
and may proliferate within the
cyst wall of DC or PC, and they
may be misinterpreted as inva-
sive squamous cell carcinoma.
This DC also exhibits mucous
metaplasia (10x). C Rushton
bodies are curvilinear eosino-
philic formations present in

the lining of this DC, but these
formations are not specific and
may also be found in PC (20x).
D A PC is depicted, complete
with inflammation, histiocytes,
and a thinned epithelial lining
(20x)

histologic features. An important question perpetually in the
authors’ minds is as follows: “what is the most biologically
aggressive lesion you would not want to miss?” As such, the
key entity not to miss when considering DC is cystic amelo-
blastoma. Subtle basal palisading is usually identified in the
lining of cystic ameloblastoma, often with a loosening of the
cells into a middle stellate reticulum-like layer, with pink
keratin toward the luminal surface. However, inflammation
may easily obscure these features [6]. Immunohistochemical
studies for BRAF V600E and calretinin are useful in distin-
guishing between DC and cystic ameloblastoma, when these
studies are positive [7].

Periapical Cyst

The periapical cyst (PC) or radicular cyst is the most com-
mon odontogenic cyst in the jaws. It is reactive in nature,
caused by odontogenic infection [5]. When a tooth has a
dental cavity (caries) that extends into the pulp chamber, the
delicate blood vessels and nerves contained within become
infected by the offending bacteria and die. The infection is
then transmitted down the root of the tooth through the root
canal system and enters the bone at the apex of the tooth. In
some instances, the existing odontogenic rests of Malassez
within the bone are stimulated by the inflammatory response
to the odontogenic infection. These rests may proliferate and
form a PC [8]. The same process may be provoked by dental
trauma, which may sever the tooth’s blood supply and cause
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pulpal necrosis. PC is a well-defined radiolucent lesion
that is usually seen in adults but may also develop at the
apices of cavitated or traumatized primary teeth (Fig. 2B)
[1]. The patient may experience pain or swelling, but some-
times these cysts are asymptomatic and appear as incidental
findings on dental radiographs. The cyst location is usually
periapical to the affected tooth, but a minority are located
adjacent to the tooth root because accessory canals may exit
the tooth’s root laterally [9].

Histologic examination of PC typically reveals fragments
of inflamed fibrous connective tissue accompanied by vari-
able amounts of squamous cyst lining epithelium. It is usu-
ally stratified and 2-3 cell layers thick. If the inflammation is
robust, then the lining may proliferate and/or show spongio-
sis (Fig. 3D). As in DC, Rushton bodies may be present: this
is a nonspecific finding in inflamed odontogenic cysts [10].
The fibrous cyst wall may contain any combination of acute
and chronic inflammatory cells, in addition to macrophages
and occasional giant cells. Endodontic foreign material
may be present if the tooth has been previously endodonti-
cally treated. PC is treated by addressing the infected tooth,
either by endodontic re-treatment, apicoectomy, or removal
of the tooth and curettage of the cyst [11]. If the dead tooth
is removed but the PC is not completely excised, it may
remain and/or recur as a “residual cyst.”

It is nigh impossible to discern between PC and DC based
on histology alone. This distinction requires clinical and
radiographic correlation: PC occurs at the apex of a tooth
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Fig.4 Odontogenic keratocyst.
A At low power, OKC is overtly
cystic, with a lumen filled

with pink keratinaceous debris
(2x). B Classic OKC lining
epithelium is 6-8 cell layers
thick, with basal palisading

and a corrugated parakeratin
surface (10x). C A closer view
of a “perfect” OKC, exhibiting
the diagnostic features of this
cyst (20x). D Classic OKC is
demonstrated in the upper left
corner of this image, but inflam-
mation completely obscures the
diagnostic features of the cystic
lining at the right (4x)

compromised by odontogenic infection or trauma, and DC
occurs in a “dentigerous” relationship with an unerupted
tooth, surrounding its crown. Periapical granuloma is the
term used for granulation tissue at the apex of an infected
tooth in which no cyst lining epithelium is identified. The
key entity not to miss is OKC, which may occur at any loca-
tion in the jaws and thus may mimic a PC clinically [5, 9].
Inflammation frequently changes the typical histologic fea-
tures of OKC, increasing the chance of misdiagnosis.

Odontogenic Keratocyst

OKC is a curious developmental odontogenic cyst with a
controversial history regarding its classification [12]. Origi-
nally called a cyst, the OKC nomenclature was accepted
by the World Health Organization (WHO) for decades until
2005, when it was reclassified as “keratocystic odontogenic
tumor.” This change reflected the increasing evidence that
OKC represents a cystic neoplasm, with genetic mutations
in PTCH identified in up to 93% of sporadically occurring
cases [13]. However, in 2017, the term OKC was reinstated
by the WHO, and this was continued in the 5th edition in
2022 [14, 15]. While the debate is ongoing, experts agree
that OKC is a unique odontogenic cyst with characteristic
histologic features, a genetic signature, and a penchant for
clinically aggressive behavior and recurrence. Multiple
OKC:s of the jaws are a classic finding in patients affected
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by nevoid basal cell carcinoma (Gorlin) syndrome (Fig. 2C)
[16].

OKC may occur in patients of any age, with the majority
occurring between the 2nd and 4th decades of life. OKCs
are identified just a bit more often in males. There is a
site predilection for the mandible (especially the posterior
region) [1]. Radiographically, OKC is a uni- or multilocu-
lar radiolucent lesion that may occur anywhere within the
jaws, with or without a direct relationship to teeth. Thus,
OKC is an important differential diagnosis to always keep in
mind. They may be small and asymptomatic, or they may be
quite large, causing discomfort, bony expansion, and clinical
swelling. OKCs are known to displace teeth, even occasion-
ally pushing maxillary molars to the inferior orbit [17].

Histologically, OKC demonstrates either a unicystic space
or more complex architecture (Fig. 4A). OKCs usually con-
tain luminal thick keratin debris, but this is not a diagnostic
requirement [9]. The organized squamous cyst lining epi-
thelium is 6-8 cell layers thick. The interface between the
epithelium and the fibrous connective tissue wall is typi-
cally flat, with no rete ridge development (Fig. 4B). The
basally located cells are cuboidal to columnar in morphol-
ogy with hyperchromatic nuclei, and they classically exhibit
palisading along the basement membrane (Fig. 4C). The
luminal surface of the cyst is lined with parakeratin in a
bumpy pattern, evoking corrugated cardboard. Mitotic fig-
ures are occasionally identified. Other less common findings
include cholesterol clefting, Rushton bodies, and mucous
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Fig.5 Calcifying odontogenic
cyst. A At low power, a cyst lin-
ing epithelium that is prolifera-
tive and contains amorphous
material is noted (2x). B The
lining epithelium of COC looks
reminiscent of cystic ameloblas-
toma in its pattern (4x). C The
proliferative epithelium of COC
classically contains eosinophilic
anucleate formations called
ghost cells (10x). D Over time,
ghost cells coalesce together
and create amorphous ampho-
philic material that slowly
calcifies (10x)

C

cells. Approximately, 20% of OKCs contain satellite cysts
and/or rests within the fibrous cyst wall, and these represent
additional odontogenic rests that are “along for the ride,” so
to speak. In the setting of Gorlin syndrome, these satellite
cysts are more common [18]. Very rarely, invasive squamous
cell carcinoma may arise from dysplastic change occurring
within the cyst lining of OKC [19]. OKC is usually treated
by enucleation and curettage, sometimes combined with
peripheral ostectomy. Clinicians often marsupialize large
OKCs to decompress and shrink them, but most patients
tolerate a drain for a limited amount of time [20]. The recur-
rence rate for OKCs is approximately 30%, requiring that
patients undergo long-term monitoring with radiographic
evaluation [21].

OKC should be in the differential for nearly any cystic
odontogenic lesion. Identification of the key histologic fea-
tures described above is essential to this diagnosis. Several
distracting factors which may mislead the pathologist should
be considered. First and foremost, when OKCs become
inflamed or infected, they lose their classic diagnostic fea-
tures and may appear histologically like DC or unicystic
ameloblastoma (discussed later). For example, the squamous
lining of OKC may become thicker and more proliferative,
developing rounded rete ridges. The basal palisading and
corrugated parakeratin at the luminal surface may become
less organized or even unrecognizable (Fig. 4D). Aside
from DC and unicystic ameloblastoma, the uncommon
orthokeratinized odontogenic cyst (OOC) also enters the
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differential. OOCs produce orthokeratin, and the squamous
cyst lining cells have a prominent granular layer. The OOC
is indolent in nature, with a recurrence rate of approximately
2%. Foci of orthokeratin may be identified in OKC, but if
there is any classic OKC identified, the lesion is best clas-
sified as OKC. Because the distinction between OKC and
other cystic odontogenic lesions is clinically important, all
received tissue should be submitted for histologic exami-
nation to maximize the probability of identifying the key
features.

Calcifying Odontogenic Cyst

Originally reported in 1962 by Dr. Robert J. Gorlin, the cal-
cifying odontogenic cyst (COC; also known as Gorlin cyst)
is a benign developmental odontogenic cyst in the family of
ghost cell lesions of the jaws [22]. COC consistently exhibits
mutations in CTNNBI, implicating the Wnt/B-catenin signal-
ing pathway in its development [23]. This cyst is somewhat
rare and is usually diagnosed in young adults. There is no
sex predilection, nor is there a site predilection for either
jawbone [24]. While most COC cases are intraosseous in
nature, it should be noted that peripheral COCs may occur
in the gingiva, presenting as a “bump on the gum” [25].
Microscopic examination of a COC reveals a simple
or complex cystic cavity that is lined by epithelial cells
arranged in a particular pattern (Fig. 5A, B). The basal cells
are cuboidal to columnar in shape, and they show some
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palisading. Further toward the luminal surface, the epithe-
lial cells become spindled in nature and adopt a web-like
arrangement, which is reminiscent of the stellate reticulum
(Fig. 5C). The stellate reticulum is a particular functional
group of cells in the enamel organ of a normal developing
tooth. COC is known for the clusters of “ghost cells” that
are embedded in variable quantities within the cyst lining
epithelium (Fig. 5C). Ghost cells are circular or polyhedral
structures made of homogenous eosinophilic material, with
characteristically empty nuclear spaces. Over time, these
ghost cells calcify and/or conglomerate together to form
small masses (Fig. SD). Abnormal dentin deposits are often
found beneath the epithelial lining, appearing as hyalinized
amorphous eosinophilic material. Up to 20% of COCs may
be associated with other odontogenic lesions, and the most
common of these is the odontoma [9]. Immunostaining for
[-catenin will demonstrate nuclear positivity. COC is treated
with simple surgical excision, and recurrence is rare [26].

The differential diagnosis of COC includes other odon-
togenic ghost cell lesions, in addition to unicystic amelo-
blastoma. Ghost cells are a very helpful histologic feature in
reaching a diagnosis of COC, but they may also be found in
dentinogenic ghost cell tumor (DGCT) and ghost cell odon-
togenic carcinoma (GCOC). Both of these are solid tumors:
cystic change may be present focally, if there is any at all.
The bulk of DGCT and GCOC is composed of ameloblas-
tomatous islands of basaloid tumor cells, nestled within a
dense fibrous stroma. Often, dentinoid material and ghost
cells are present. Both tumors may also show a percolating
border, occasionally involving skeletal muscle or adjacent
soft tissue or bone. Cytologic atypia and mitotic figures
are increased in GCOC. If the biopsy is limited, no ghost
cells may be identified in an epithelial lining that otherwise
resembles unicystic ameloblastoma, making the latter the
key entity not to miss in this differential.

Glandular Odontogenic Cyst

The glandular odontogenic cyst (GOC) is an interesting
benign odontogenic cyst which exhibits glandular differen-
tiation. GOC is uncommon, accounting for less than 0.5%
of all odontogenic cysts [1]. There is no sex predilection,
and GOC may occur in patients of all ages, with a peak
distribution in the 5th to 7th decades of life. 75% of cases
occur in the mandible, with a predilection for the anterior
region [27]. Larger tumors often cause bony expansion and
swelling, with or without pain, while smaller lesions may be
asymptomatic and incidentally found. Imaging findings are
nonspecific, with an intrabony well-defined uni- or multiloc-
ular radiolucency being observed. Lesions may be periapi-
cally located, with scalloping up between tooth roots; or they
may be associated with the crown of an impacted tooth [28].

The histologic features were established by Fowler et al.
in 2011 [27], and if a cyst has 7 of the 10 described histo-
logic parameters, then it qualifies as a GOC. At low power,
larger lesions appear complex, with multiple compartments
or cystic spaces. GOC is composed of a cyst lining epithe-
lium of variable thickness, with a flat interface between the
epithelium and fibrous cyst wall. Epithelial thickenings or
“whorls” are often identified (Fig. 6A). The luminal cells
are usually cuboidal to columnar in shape, with eosinophilic
cytoplasm (called “hobnail cells”); squamous differentiation
is often prominent, as is clear cell change (Fig. 6B). Micro-
cystic spaces and/or mucous cells are usually seen within
the lining (Fig. 6B and D). Additional features such as cilia,
papillary tufting and apocrine snouting of the hobnail cells
toward the lumen of the cyst are also helpful diagnostic fea-
tures (Fig. 6C) when present. GOCs have been enucleated
from the surrounding bone, but with a 30% recurrence rate,
en bloc resection with a peripheral bony margin is most
often recommended [29].

GOC must be considered along with any jaw cyst that has
glandular features. Dentigerous cyst may contain mucous
cells, cilia, and/or microcystic spaces. Both cysts may occur
surrounding the crown of an impacted tooth. However, the
glandular differentiation in GOC is usually much more
overt, assisting in clinching the diagnosis. The key entity
not to miss when considering GOC is central mucoepider-
moid carcinoma (MEC), although this is quite rare. There
is significant histologic overlap between GOC and MEC,
but generally MEC contains smaller cystic spaces and a
more prominent pattern of tumor islands contained within
a fibrous stroma. Invasion may be quite difficult to assess in
low-grade MEC of the gnathic bones. For cases in which
the distinction between these entities is not made easily on
routine microscopy, performing fluorescence in situ hybridi-
zation (FISH) for MAML?2 rearrangement helps, as it is nega-
tive in GOC [30].

Odontogenic Tumors with Cystic Components
Adenomatoid Odontogenic Tumor

The adenomatoid odontogenic tumor (AOT) is a benign
epithelial odontogenic tumor characterized by a prolif-
erative combination of duct-like spaces and epithelial
whorls. AOT is uncommon, and accounts for less than
5% of all odontogenic tumors. There is controversy
regarding whether AOT represents a hamartoma or a
neoplasm [31, 32], with a neoplasm favored at this time.
AQT occurs twice as frequently in females, and there is
an age predilection for teenagers and young adults. This
tumor occurs twice as often in the maxilla, and the ante-
rior region (canine teeth) of the gnathic bones is most
commonly affected. AOT usually occurs in a pericoronal
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Fig.6 Glandular odontogenic
cyst. A In the lining of this
GOC, there are epithelial
thickenings or “spheres” (10X).
B GOC classically exhibits
cuboidal cells with eosinophilic
cytoplasm, and microcysts are
also visible to the upper left of
the image (10x). C This GOC
shows prominent papillary tuft
formation, complete with a
ciliated luminal surface (10x).
D Variability in thickness of the
epithelial lining and abundant
mucous cells are seen in this
GOC example (20x)

fashion, around the crown of an impacted tooth [33, 34].
Patients present with swelling, with imaging showing a
well-defined unilocular radiolucent lesion with corticated
borders. Small radiopacities may be noted in up to two-
thirds of cases. It should be noted that the classic AOT
is thickly encapsulated, easily enucleated from the sur-
rounding bone.

Histologically, AOT is delineated by a thick capsule,
often with central cystic change (Fig. 7A, B). The bulk of the
tumor is made of whorls of spindled epithelial cells called
pseudorosettes (Fig. 7C), interspersed with duct-like struc-
tures formed by cuboidal to columnar cells with bland nuclei
(Fig. 7D). Opposite to the nuclear arrangement characteristic
of ameloblastoma, the nuclei of the ductal spaces in AOT
are basally located. Additionally, a pattern of anastomosing
cords of tumor cells may be identified. Some AOT tumor
cells secrete a matrix-like proteinaceous substance that may
calcify over time, and this likely represents an attempt at
odontogenesis by tumor cells. Cytologic atypia is not com-
mon, but occasional mitoses may be identified. AOT is
treated via complete enucleation, usually with removal of the
involved tooth. The recurrence rate is less than 0.5% [32].

The solid portion of AOT is usually well-sampled, so
the differential diagnosis is narrow. Occasionally, the pseu-
dorosettes are not prominent, and ameloblastoma enters the
differential in those cases. One might also consider COC
if there are circular calcifications present within the AOT
epithelium; however, AOTs do not contain ghost cells, and
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nuclear reactivity for p-catenin is negative by immunohis-
tochemistry [35].

Unicystic Ameloblastoma

The unicystic ameloblastoma (UA) is a subtype of amelo-
blastoma which develops as a singular cystic cavity. While
conventional ameloblastoma is quite locally aggressive and
has a high recurrence rate, UA behaves in a less aggressive
manner, making the distinction essential [36]. UAs associ-
ated with impacted teeth occur in younger patients (mean
age 16 years) and there is a slight male predilection [37].
UAs not associated with impacted teeth tend to occur in
patients in their thirties (mean age 35 years) and there is a
slight female predilection. Molars in the posterior mandible
are most often affected [38]. Patients present with a swelling
of the jaw, usually without pain. Radiographic examination
reveals a unilocular radiolucent lesion which may be peric-
oronal, periapical, or located between tooth roots [38].
Microscopically, UA is composed of a single cystic com-
partment that is lined by neoplastic epithelial cells (Fig. 8A).
The basally oriented columnar cells show palisading and
reverse polarity, as is typical of ameloblastoma (Fig. 8B).
Additionally, cells toward the lumen become stellate-shaped
and more loosely organized, resembling the stellate reticu-
lum of the enamel organ. The luminal surface of the cyst
itself is usually squamoid, with homogenous eosinophilic
cytoplasm; this creates a “red, white, and blue” pattern
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Fig.7 Adenomatoid odonto-
genic tumor. A At low power,
AOT is an encapsulated cystic
tumor filled with whorled
epithelial tumor cells (4x).

B Without the solid tumor in
the lumen, this inflamed AOT
lining could be easily mistaken
for a reactive or developmental
cyst (10x). C AOT is cystic and
solid, and the solid component
shows evenly spaced and bland
epithelial cells arranged in a
loosely nested pattern (10x).

D Duct-like structures and
pseudorosettes are often identi-
fied in the solid component of
AOT (20x)

Fig.8 Unicystic ameloblas-
toma. A At low power, a
relatively nondescript cyst
lining is seen adjacent to dense
bone (4x). B Upon closer
examination, there are subtle
palisaded basal cells and a very
thin stellate-reticulum-like area,
topped at the luminal surface
by cells with eosinophilic cyto- ; 7, : \\g\é \
plasm (10x). C These features '- s B '*N \
are more prominent in this por- T
tion of the UA lining, highlight-
ing the necessity to evaluate

all of the cystic lining (20X).

D Small islands and cords of
ameloblastic epithelium are
seen in the wall of this cystic
ameloblastoma, which for the
authors pushes this lesion into
the conventional ameloblastoma
category (4x)
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Fig.9 Other cystic lesions.

A The nasopalatine duct cyst at
low power is lined by epithe-
lium of even thickness (4x).

B NPDC is lined by cuboidal
cells in a simple arrangement,
with an associated fibrous cyst
wall (20x). C The simple bone
cyst is defined by an empty
cavity found at surgery, plus this
delicate lace-like osteoid with
osteoblastic rimming (20X).

D The aneurysmal bone cyst is
a solid and cellular proliferation
of spindled cells admixed with
sinusoidal spaces full of blood,
graced with giant cells (10x)

(Fig. 8C). Intraluminal tumoral growth may occur, in which
the neoplastic epithelium proliferates and forms a plexiform
pattern of anastomosing cords within the cystic cavity. Like
conventional ameloblastoma, the predominant driving muta-
tion is BRAF p.V600E [39].

Previously, the term “mural-type” unicystic ameloblas-
toma was used, but current guidance places any tumor
with mural involvement (Fig. 8D) into the conventional
ameloblastoma category [40]. If entirely cystic, UA is
often simply enucleated, with long-term follow-up of the
patient [36, 37]. The recurrence rate of pure UA after enu-
cleation is between 10 and 20%, compared to enucleation
and curettage of conventional ameloblastoma resulting in
a 50-90% chance of the lesion recurring [36, 37]. Thus,
patients with conventional ameloblastoma require en bloc
resection with 1- to 2-cm margins, which is a much more
significant surgical procedure [41]. The entire lesion must
be histologically examined before rendering a UA diag-
nosis, and as such UA is not diagnosed reproducibly by
incisional biopsy.

UA is the key entity not to miss in the case of any cystic
odontogenic lesion (closely followed by OKC). The his-
tologic features of UA may be quite subtle, and thus thor-
ough scrutiny of as much cyst lining epithelium as pos-
sible aids in diagnosis of UA, especially if the lesion is at
all inflamed. Several other odontogenic cysts come into
the differential, including DC, PC, and OKC, among other
rarer entities.

@ Springer

Non-odontogenic Cystic Lesions

Nasopalatine Duct Cyst

Nasopalatine duct cyst (NPDC) is the most common devel-
opmental gnathic cyst that is not odontogenic in nature
[42]. This benign cyst originates from the epithelium of the
nasopalatine duct, which enters the anterior maxilla at the
midline behind the central incisors through the nasopalatine
foramen. Affected patients may be of any age, but there is a
peak incidence in middle age, and males are affected slightly
more often [43]. Most NPDC cases are incidentally found
on routine dental radiographic examination, presenting as
a heart- or pear-shaped radiolucency measuring between
1 and 2 centimeters, located between the central incisors.
Occasionally, the radiolucent lesion may be slightly laterally
located [44]. Patients present with an asymptomatic anterior
palatal gingival swelling.

Histologically, NPDC is a cyst lined by a combination
of stratified squamous epithelium and respiratory-type epi-
thelium (Fig. 9A). Respiratory epithelium is composed of
pseudostratified cuboidal to columnar cells, with or with-
out cilia. Mucous cells may be present, and subepithelial
hyalinization is frequently seen (Fig. 9B). The connective
tissue of the cyst wall is commonly chronically inflamed,
and classically contains larger-caliber nerves and blood
vessels. Additionally, salivary gland tissue and/or cartilag-
inous rests may be identified in the cyst wall, native to the
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site. NPDC is indolent in nature, and is treated via simple
surgical excision from the palatal aspect of the lesion; it
does not recur [42].

Differential diagnoses include other cystic odontogenic
lesions, most importantly PC and OKC. PC is usually
eliminated by doing some dental sleuthing (i.e., radio-
graphic examination and vitality-testing of adjacent teeth),
while OKC is excluded histologically.

Simple Bone Cyst

Simple bone cyst (SBC) is an intrabony pseudocystic pro-
cess reported in bones all over the body. SBC is an intraos-
seous cavity with no cyst lining epithelium. It is frequently
completely empty, or otherwise may be filled with serous
or serosanguinous fluid [45, 46], and is considered a
degenerative process. Another name for SBC is “traumatic
bone cyst,” but many cases of SBC have been reported in
patients with no history of trauma. Most patients with SBC
are teenagers or young adults, and there is a significant site
predilection for the mandible [47]. Patients are asympto-
matic, and the lesion tends to slowly grow in an anteropos-
terior direction, without causing osseous expansion [46].
SBC is often identified incidentally during routine dental
radiographic examination and presents as a well-defined
radiolucent lesion which “scallops” up between the tooth
roots. As a non-odontogenic entity, teeth are bystanders
and are almost always vital. SBC may occur in conjunction
with benign fibro-osseous lesions of the jaws [48].

Microscopically, SBC is rather underwhelming and
there are no pathognomonic diagnostic features of this
lesion. Typically, the clinician curettes the walls of the
bony cavity and submits those fragments for evaluation.
No epithelial lining is identified. Blood and sometimes
focal granulation tissue is present, but the bone is the
important tissue to scrutinize. Normal bone may be iden-
tified, but the characteristic feature of SBC is an immature
osteoid matrix that has a lace-like appearance (Fig. 9 C)
[49]. It is important that the surgeon relay the finding of
an empty cavity to the pathologist, as this is not a typical
feature of other gnathic lesions and helps to narrow the
differential considerably. Curettage is completed with the
goal of inducing bleeding in the cavity, so that the cavity
will eventually fill with granulation tissue which remodels
into bone. Bone grafts are done in some cases. The recur-
rence rate of SBC is very low [50].

With the caveat that excellent surgical sampling is com-
pleted and all tissue is evaluated histologically, the absence
of an epithelial lining and the surgical finding of an empty
cavity excludes other cystic lesions of the jaws. If the sur-
gical and histologic findings do not completely align, a
“hedge” diagnosis may be needed, such as “consistent with.”

Aneurysmal Bone Cyst

Aneurysmal bone cyst (ABC) is a benign cystic neoplasm
that primarily occurs in the long bones and vertebrae.
While common in these locations, less than 2% of ABCs
occur in the gnathic bones [45]. ABC may occur as a soli-
tary lesion in the jaws, but up to one quarter of cases are
associated with other entities, such as benign fibro-osseous
lesions and central giant cell granuloma [51]. Affected
patients are usually teenagers or young adults, with a
very slight male predilection [52]. Patients present with
an expansile mass of the jaw (70% of cases occur in the
mandible), with or without pain or paresthesia. Lesions
are usually multilocular radiolucencies which cause cor-
tical expansion and occasionally bone perforation. ABC
can also displace teeth and cause tooth root resorption. At
surgery, ABC appears as a hypervascular spongy mass.

Histologically, ABC is composed of many small sinu-
soidal spaces filled with red blood cells. No endothelial
lining is evident. The bulk of ABC is made up of a prolif-
eration of bland, fibroblast-like spindled cells (Fig. 9D).
Large multinucleated giant cells are seen with frequency,
and immature osteoid is also often identified. In ABCs that
occur secondary to other gnathic lesions, the histologic
features of those lesions are also taken into considera-
tion and a hybrid diagnosis is rendered (e.g., “ossifying
fibroma with secondary aneurysmal bone cyst formation™).
The neoplastic cells of ABC characteristically demonstrate
lack of expression of H3.3 p.Gly34Trp by immunohisto-
chemistry, a fact that can be exploited to exclude other
giant cell lesions that may occur in the jaws. Genetically,
the majority of ABCs have a USP6::CDH11 fusion in the
neoplastic spindled cells. While benign, ABCs are neo-
plasms with significant growth potential. ABC may be
conservatively enucleated from the surrounding bone, but
patients must be monitored because the recurrence rate
is around 15% [53]. More extensive surgical resection of
larger lesions is appropriate.

Pertinent differentials for ABC include other giant cell
lesions that occur in the gnathic bones. These include
cherubism, central giant cell granuloma, and brown tumor
of hyperparathyroidism. The clinical history can often
help to exclude the former and latter entities. Cherubism
is inherited and most cases affect the jaws in a bilater-
ally symmetric distribution, as opposed to unifocal ABC.
Hyperparathyroidism is a systemic condition that mani-
fests as a triad of “stones, bones, and abdominal groans,”
and the brown tumor is one of the osseous changes that
can occur. Serologic studies for elevated parathyroid hor-
mone will support this diagnosis. The key entities not to
miss include neoplasms that have ABC-like degenerative
changes associated with them, such as osteoblastoma and
osteosarcoma.
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Fig. 10 Case diagnoses. A Case 1 represents and OKC with classic
features (10x). B Case 2 is an AOT, with solid tumor whorls (10x)

Clinical Case Diagnoses

Coming full circle back to our clinical cases, single histo-
logic images for each case are presented in Fig. 10. Case
1 is an odontogenic keratocyst (Fig. 10A), while the diag-
nosis in Case 2 is an adenomatoid odontogenic tumor
(Fig. 10B). Note that endodontic treatments were performed
in both cases, which did not resolve either patient’s lesion.
This highlights the need for an accurate diagnosis before
treatments are rendered. Additionally, the AOT in case 2
is unconventional in location and tooth association. Most
importantly, pathologists should use clinical information to
narrow down the differential diagnosis for cystic gnathic
lesions, supporting the diagnosis with histologic examina-
tion. Still, rare cystic lesions may be “fence-sitters” and
necessitate diagnostic hedging.

Conclusion

The jaws are home to a wide variety of cystic lesions, both
odontogenic and non-odontogenic, and both reactive and
neoplastic. The practice of gnathic pathology relies heav-
ily on clinical and radiographic information obtained before
tissue is submitted for diagnostic evaluation. Information
regarding size, location, relationship to teeth, and radio-
graphic morphology is very useful in narrowing the differ-
ential diagnosis. Despite these helpful clues, some cystic
odontogenic lesions may prove quite challenging to classify
due to histologic overlap. The presence of inflammation is
well known to obscure the diagnostic features of some cystic
lesions. Additionally, a strong focus on morphology must be
emphasized, as immunohistochemical studies rarely aid in

@ Springer

diagnosis. Adequate sampling is absolutely essential in diag-
nosing these entities, recognizing that a qualified diagnosis
may be the best we can render on limited material or when
overlapping features are seen.
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