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Abstract

A dentinogenic ghost cell tumor (DGCT) is a rare benign odontogenic tumor that commonly shows characteristics of solid
proliferation and has a relatively high risk of recurrence after surgical treatment. We herein report a case of a central DGCT
that occurred in the maxilla and resulted in bone expansion. This study highlights new imaging findings (particularly mag-
netic resonance imaging) along with histopathological observations. In addition, we conducted a review of the existing
literature on this rare tumor. A 37-year-old man developed swelling around the right cheek. A benign odontogenic tumor
such as ameloblastoma was suspected based on the imaging examination findings (including bone expansion and the internal
characteristics of the tumor) on panoramic imaging, computed tomography, and magnetic resonance imaging. The lesion was
surgically excised from the right maxilla. Postoperative histopathological examination led to a definitive diagnosis of central
DGCT. The tumor comprised epithelial neoplastic islands, resembling ameloblastoma, inside tight fibroconnective tissue;
masses of ghost cells and formation of dentin were also observed. We had suspected that the minute high-density region
around the molars on the imaging examinations represented alveolar bone change; however, it represented dentin formation.
This led to difficulty diagnosing the lesion. Although DGCT may present characteristic findings on imaging examinations,
its occurrence is infrequent, and in some cases, the findings may include the presence or absence of an impacted tooth with-
out obvious calcification. The present case suggests that we should consider the possibility of an odontogenic tumor with
calcification when high-density structures are observed inside the lesion.
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Introduction

A dentinogenic ghost cell tumor (DGCT) is an extremely
uncommon benign odontogenic tumor, and it commonly
shows solid proliferation in a central/intraosseous or
peripheral/extraosseous location [1, 2]. DGCTs consist of
epithelial neoplastic islands resembling ameloblastoma
accompanied by ghost cells and dentin [2, 3]. The World
Health Organization (WHO) previously classified DGCT
as a solid type of calcifying odontogenic cyst (COC). In
2005, COC was renamed calcifying cystic odontogenic
tumor (CCOT), and a DGCT showing characteristics of
solid proliferation was treated as an independent disease.
Both were classified as an odontogenic tumor by the
WHO. However, the WHO then reclassified CCOT as an
odontogenic cyst and renamed it COC in 2017. By con-
trast, DGCT has been classified as an odontogenic tumor
since 2005. DGCT often shows local infiltration and has a
relatively high risk of recurrence after surgical treatment
despite its benign nature [2, 4, 5].

We herein present a case of a central DGCT that
occurred in the maxilla and resulted in bone expansion.
We present new imaging findings (especially magnetic
resonance imaging [MRI]) along with histopathological
observations, and we review the existing literature on this
rare tumor.

Case report

In November 2021, a 37-year-old man visited a general
dental practitioner because of swelling around the right
cheek. He underwent gingival puncture aspiration by
the dental practitioner, and yellow transparent fluid was
removed. At the end of January 2022, the dental practi-
tioner referred him to Okayama University Hospital for
further examination because the swelling around the right
cheek had not decreased in size. The patient’s medical
history included autism spectrum disorder, intellectual
disability, type II diabetes mellitus, and hyperlipidemia.
At the time of the initial clinical examination at Okay-
ama University Hospital, extraoral examination revealed
swelling of the right cheek, difficulty in opening the
mouth, and swelling of the cervical lymph nodes. Intraoral
examination revealed a mass with rippling from the max-
illary right anterior teeth to the molars (Fig. 1). A rela-
tively well-defined, homogeneous, and round radiolucent
region occupied the right maxillary sinus from the root
apices of teeth 14 to 17 on a panoramic image (Fig. 2).
The floor line of the right maxillary sinus was suspected
to be elevated and was recessed between teeth 15 and 16.
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Fig.1 Intraoral findings at the time of the initial examination.
Intraoral examination revealed a mass with rippling from the maxil-
lary right anterior teeth to the molars

Fig.2 Preoperative panoramic image showing relatively well-defined,
homogeneous, and round radiolucent lesion occupying the right max-
illary sinus from the root apices of teeth 14 to 17

The root apices of teeth 15 to 17 were included in the
radiolucent region, and root resorption of tooth 16 was
suspected. We suspected an odontogenic cyst, such as an
odontogenic keratocyst or a benign odontogenic tumor
such as ameloblastoma.

Computed tomography (CT) images showed a well-
defined, multilocular, and low-density lesion on the right
side of the maxilla with marked buccal swelling on bone
windows. The minute high-density region which suspected
the alveolar bone appeared to have been coarsely absorbed
was observed around the root apices of premolar to molar
teeth (Fig. 3a). The lesion also showed homogeneous low
density on soft tissue windows (Fig. 3b). Slight root resorp-
tion at the root apices of teeth 14, 16, and 17 was observed.
There were no obvious inflammatory findings in the sur-
rounding tissues. Based on the degree of bone expansion
and internal density, a benign odontogenic tumor such as
ameloblastoma was suspected.
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Fig.3 Computed tomogra-

phy images. a Axial image of
the bone windows showing

a well-defined, multilocular,
and low-density region on the
right side of the maxilla with
marked buccal swelling. The
minute high-density region was
observed around the root apices
of premolar to molar teeth, b
Axial image of the soft tissue
windows showing a homogene-
ous low-density region
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Fig.4 Contrast-enhanced magnetic resonance imaging showing a
multilocular region around the right maxilla. a Axial T1-weighted
image showing homogeneous isointensity, b Axial short T1 inversion
recovery image showing homogeneous strong hyperintensity affecting
almost all of the region, whereas the area around the alveolar region
showed heterogeneous hypointensity to hyperintensity, ¢ Axial con-
trast-enhanced T1-weighted image showing heterogeneous enhance-

MRI showed a multilocular region around the right
maxilla. This region showed homogeneous isointensity
on T1-weighted images (T1WI) (Fig. 4a). Almost all of
the region showed homogeneous strong hyperintensity
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ment around the alveolar region at the lower site of the lesion and
enhancement along the margin at the upper site of the lesion, d The
apparent diffusion coefficient map showing the value at 1.5x1073
mm?/s around the alveolar region at the lower site of the lesion, and
high at 2.8 x 107> mm?/s at the upper site of the lesion, e The contrast
index curve rapidly increased and reached a plateau at approximately
30 s, and the plateau was sustained to approximately 400 s

that suspected the cystic region, whereas the area around
the alveolar region showed heterogeneous hypointen-
sity to hyperintensity that suspected the solid region on
short T1 inversion recovery (STIR) images (Fig. 4b).
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Contrast-enhanced T1WI showed heterogeneous enhance-
ment around the alveolar region at the lower half site of
the lesion that suspected the solid region and enhancement
along the margin at the upper site of the lesion that suspected
the cystic region (Fig. 4c). The apparent diffusion coefficient
(ADC) was at 1.5x 10~3 mm?/s around the alveolar region
at the lower site of the lesion, and high at 2.8 X 1073 mm?%/s
at the upper site of the lesion on ADC map (Fig. 4d). A con-
trast index (CI) curve was created using the signal intensity
(SI) on dynamic contrast-enhanced MRI. The CI was cal-
culated from the formula CI=[SI (post-contrast) — SI (pre-
contrast)] / SI (pre-contrast). The CI curve rapidly increased
and reached a plateau at approximately 30 s, and the plateau
was sustained to approximately 400 s (Fig. 4e). Based on
the above findings including heterogeneous enhancement at
the lower half site of the lesion, the value of ADC and the

Fig.5 Histopathological find-
ings of the tumor around the
right maxilla. a The tumor
formed a mass around the root
apex of tooth 14. Scale bar:

1 mm, b The tumor comprised
epithelial neoplastic islands
resembling ameloblastoma
(black arrowhead) inside tight
fibroconnective tissue. Scale
bar: 500 pm, ¢ Masses of ghost
cells and formation of dentin
were also observed (s ghost
cell, *dentin). Scale bar:

200 pm, d Coronal computed
tomography image of the right
maxilla around tooth 14. The
region of the alveolar bone
that appeared to have been
partially coarsely altered (white
arrowheads) was found to be
fine dentin

Fig.6 Histopathological find-
ings of the tumor at the bound-
ary between the solid region
and cystic region, a Epithelial
neoplastic islands resem-

bling ameloblastoma (black
arrowhead) were observed at
the boundary. Scale bar: 1 mm,
b The epithelium relining the
cystic region was thin stratified
squamous epithelium similar to
that seen in a dentigerous cyst.
Scale bar: 1 mm

@ Springer

pattern of the CI curve, a benign odontogenic tumor such as
ameloblastoma was suspected.

Right partial maxillectomy was performed under general
anesthesia in May 2022. On postoperative histopathologi-
cal examination, the tumor comprised epithelial neoplastic
islands resembling ameloblastoma inside tight fibrocon-
nective tissue (Fig. 5a, b). Masses of ghost cells and for-
mation of dentin were also observed (Fig. 5c). The region
of the alveolar bone that appeared to have been partially
coarsely altered on CT images was found to be fine dentin
when compared with the histopathologic findings (Fig. 5d).
No ghost cells were observed at the boundary between the
solid region (which showed heterogeneous enhancement
around the alveolar region at the lower site of the lesion)
and the cystic region (which showed enhancement along the
margin at the upper site of the lesion). However, epithelial
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neoplastic islands resembling ameloblastoma were observed
at the boundary (Fig. 6a). The epithelium relining the cystic
region was thin stratified squamous epithelium similar to
that in a dentigerous cyst (Fig. 6b). Based on the above find-
ings, the final diagnosis was central DGCT.

Discussion

DGCT accounts for approximately 0.28% to 0.38% of all
odontogenic tumors and is thus an extremely uncommon
benign odontogenic tumor [1, 2, 6, 7]. DGCT can occur in
all age groups but shows higher frequencies in middle-aged
to elderly patients [2, 7]. A male predilection has been noted
in the literature [1, 2]. DGCT is more commonly found in
the mandible than maxilla [2]. More cases of a central/intra-
osseous pattern than peripheral/extraosseous pattern have
been reported [1, 2].

Our patient presented with a mass in the right maxilla
but did not complain of pain at the site of origin. Instead, he
had difficult in mouth opening and developed swelling of
the right buccal region and cervical lymph nodes. We con-
sidered that the swelling was the result of bone expansion
caused by the mass, and the patient’s history of autism spec-
trum disorder and intellectual disability might have resulted
in his late presentation to the hospital.

DGCT presents certain characteristic findings on imaging
examinations. We searched PubMed for reports of DGCT
that included imaging findings written in English beginning
in 2017, the time point at which DGCT began to be con-
tinuously classified as a benign odontogenic tumor. Fifteen
reports describing 16 cases of DGCT with imaging findings
were reviewed [1, 3, 7-19] (Table 1). The patients’ ages
ranged from 11 to 80 years. Six cases occurred in the max-
illa[3, 7,8, 12, 13, 18], and 10 occurred in the mandible [1,
9-11, 13-17, 19]. Panoramic images were obtained in 12
cases [1, 3, 811, 13, 14, 16, 17, 19], a Waters image was
obtained in 1 case [18], and CT images were obtained in 11
cases [1, 3,7-9, 11-14, 17, 19].

The panoramic images and the Waters image in these
previous reports showed a well-defined uni- or multilocular
radiolucent region, radiopaque calcification, and root resorp-
tion [1, 3, 8-11, 13, 14, 16-19]. In our case, the panoramic
image showed a relatively well-defined and unilocular radio-
lucent region in the molar area of the right maxilla. The
lesion occupied the right maxillary sinus, and root resorption
of tooth 16 was suspected. Our findings of a well-defined
border, unilocular radiolucent region, and root resorption
were consistent with these previous reports. However, tooth
displacement and calcification were not observed.

On CT images in these previous reports, the tumor gen-
erally appeared as a well-defined, uni- or multilocular, low-
density region with high-density structures and cortical bone

expansion [1, 3, 7-9, 11-14, 17, 19]. In our case, CT images
showed a well-defined, multilocular low-density region with
cortical bone expansion, consistent with previous reports.
However, although we had suspected that the minute high-
density region around the molar teeth represented alveolar
bone change, it instead represented dentin formation. This
resulted in difficultly diagnosing the lesion.

MRI was subsequently performed, the mass showed
homogeneous isointensity on T1WI, and heterogeneous
hypointensity to hyperintensity around the alveolar region
but most of the mass showed homogeneous strong hyperin-
tensity on STIR images. In addition, heterogeneous enhance-
ment was observed around the alveolar region at the lower
half site of the lesion, and enhancement was present along
the edge of the upper region on contrast-enhanced T1WI.
We judged that the mass was divided into a solid region and
cystic region. The ADC was at 1.5x 10~> mm?%/s around the
alveolar region at the lower site of the lesion, and high at
2.8 % 107> mm?/s at the upper site of the lesion. The CI curve
rapidly increased and reached a plateau at approximately
30 s, and the plateau was sustained to approximately 400 s.
We previously reported the CI curves of ameloblastoma cal-
culated from dynamic contrast-enhanced MRI parameters
[20—24]. These curves could be divided into two patterns. In
one pattern, the curve increased and reached a plateau at 100
to 300 s, and the plateau then either remained unchanged
or gradually decreased to 600 to 900 s. In the other pattern,
the curve increased relatively rapidly and reached a plateau
at 90 to 120 s, decreased relatively rapidly to 300 s, and
then decreased gradually thereafter. The CI pattern in the
present case was similar to the former pattern, although the
plateau was reached earlier. We considered that a benign
tumor could be suspected and that a malignant tumor could
be differentiated at least from the pattern of the CI curve.
To the best of our knowledge, no study to date has focused
on the MRI findings of DGCT. Our MRI findings in this
case report are the first such findings reported worldwide,
and they show the difference in intensity between the solid
region and cystic region of the DGCT. Therefore, we believe
that this case is extremely valuable and meaningful in a clin-
ical context.

Histopathologically, DGCT is a benign odontogenic
tumor consisting of epithelial neoplastic islands that
resemble ameloblastoma and are accompanied by ghost
cells and dentin [1-3]. According to the WHO, a propor-
tion of ghost cells and dentin exceeding 1% to 2% is useful
for the diagnosis of DGCT [2, 5]. In the present case, the
tumor comprised epithelial neoplastic islands resembling
ameloblastoma inside tight fibroconnective tissue. Masses
of ghost cells and formation of dentin were also observed.
As a result, the minute high-density area around the molar
teeth that we suspected to represent alveolar bone change
on the CT images was actually the formation of dentin.
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Table 1 List of reports of dentinogenic ghost cell tumor with image findings written in English from 2017

Authors and years Cases Age Sex Site Panoramic image Waters image findings CT findings MRI findings
findings
Okui et al. (2023) [7] 1 32 F Maxilla NA NA Well-defined, low NA
density
Toyodome et al. 2023 1 60 M Maxilla  Multilocular, radio- NA Well-defined, NA
[3] lucent multilocular, low
density, high-density
structures
Hammad et al. (2023) 1 48 F Mandible Well-defined, multi- NA Well-defined, multi- NA
[1] locular, radiolucent locular, low density
Alzaid et al. (2022) [8] 1 42 M Maxilla  Well-defined, radio- NA Well-defined, low NA
lucent density
Urs et al. 2022 [9] 1 17 M Mandible Well-defined, multi- NA Well-defined, multi- NA
locular, radiolucent locular, low density
Reddy et al. 2022 [10] 1 57 F Mandible Multilocular, radio- NA NA NA
lucent
Novembre et al. (2021) 1 60 M Mandible Radiolucent NA Low density, high- NA
[11] density structures
Salgado et al. (2021) 1 47 F  Maxilla NA NA Well-defined, multi- NA
[12] locular, low density
Bavle et al. (2020) [13] 2 28 M Maxilla  Well-defined, multi- NA Well-defined, NA
locular, radiolucent, multilocular, low
radiopaque calcifica- density, high-density
tion structures
21 F  Mandible Well-defined, multi- NA NA NA
locular, radiolucent,
radiopaque calcifica-
tion
Natani et al. (2020) 1 11 M Mandible Well-defined, multi- NA NA NA
[14] locular, radiolucent
Patankar et al. (2019) 1 18 M Mandible NA NA Well-defined, NA
[15] multilocular, low
density, high-density
structures
Bussari et al. (2019) 1 40 F Mandible Multilocular, radio- NA NA NA
[16] lucent, radiopaque
calcification
Agrawal et al. (2017) 1 14 M Mandible Radiolucent, radio- NA Multilocular, low NA
[17] paque calcification density, high-density
structures
Walia et al. (2017) [18] 1 80 M Maxilla NA Radiolucent, radio- NA NA
paque calcification
Sheikh et al. (2017) 1 65 F  Mandible Radiolucent, radio- NA Low density, high- NA
[19] paque calcification density structures

These findings were consistent with the typical patho-
logic findings of DGCT [1-3]. However, at the boundary
between the solid area and cystic area, epithelial neoplastic
islands resembling ameloblastoma were present whereas
ghost cells were absent. The epithelium relining the cystic
area was thin stratified squamous epithelium similar to that
seen in a dentigerous cyst. To the best of our knowledge,
no reports to date have described the pathologic findings
of the cystic area of DGCT, making the present findings
very valuable.

@ Springer

In conclusion, we have presented a rare case of DGCT
that occurred in the maxilla with bone expansion, and we
focused particularly on new imaging findings (especially
MRI). An accurate imaging diagnosis of DGCT is difficult
because of its low frequency and often ambiguous findings,
such as the presence or absence of an impacted tooth without
obvious calcification. The minute high-density area around
the molar teeth that we suspected to be alveolar bone change
on the CT images was subsequently found to be the for-
mation of dentin in the histopathologic examination. These
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findings made it difficult to determine the differential diag-
noses of lesions with calcification. The present case suggests
that we should consider the possibility of an odontogenic
tumor with calcification when high-density structures are
observed inside the lesion.
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