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Importance of 3-dimensional imaging in the early diagnosis of chondroblastic osteosarcoma
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ABSTRACT

The aim of this report is to present a case of chondroblastic osteosarcoma located in the right maxillary premolar
region of a 17-year-old female patient. The initial clinical presentation and 2-dimensional (2D) radiographic
methods proved inadequate for a definitive diagnosis. However, a cone-beam computed tomography scan revealed
a hyperdense, heterogeneous lesion in the right maxillary premolar region, exhibiting a characteristic “sun-ray”
appearance. To assess soft tissue involvement, a medical computed tomography scan was subsequently conducted. A
positron emission tomography scan detected no metastasis or indications of secondary tumors. T1- and T2-weighted
magnetic resonance imaging showed signal heterogeneity within the lesion, including areas of low signal intensity
at the periphery. Histological examination conducted after an incisional biopsy confirmed the diagnosis of high-
grade chondroblastic osteosarcoma. The patient was then referred to an oncology department for chemotherapy
before surgery. In conclusion, these findings suggest that early diagnosis using 3-dimensional imaging can detect
chondroblastic osteosarcoma in its early stages, such as before metastasis occurs, thereby improving the patient’s

prognosis. (Imaging Sci Dent 2023; 53: 247-56)
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Primary bone tumors presenting in the jaws are uncom-
mon and are usually classified as being either odontogenic,
composed of tooth-related/forming structures, or non-odon-
togenic.l’2 Odontogenic tumors tend to exhibit characteris-
tic radiographic features, usually associated with their prox-
imity to specific teeth, which simplifies the diagnostic pro-
cess.” An early diagnosis is crucial to avoid the necessity
for aggressive invasive treatments, particularly for malig-
nant jaw tumors that may exhibit rapid growth and meta-
stasis. The radiographic appearance of the tumor depends
on its stage; in the early stages, the size and boundaries of
the lesion may be indistinct and challenging to identify.3
The use of conventional 2-dimensional (2D) radiographs
for the early diagnosis of tumors, as the presentation can
vary from radiolucent to radiopaque, with or without an
expansion of the periodontal ligament, none of which are
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Osteosarcoma is the most common primary malignant
bone tumor, excluding hematological malignamcies.5 Osteo-
sarcomas are rare non-odontogenic tumors of the jaws and
account for 6-7% of all skeletal osteosarcomas.’ Typically,
osteosarcomas are discovered in the third decade of life,
with a slightly higher incidence in males.”® They arise
most frequently in the mandible as a firm swelling in the
affected area.”'’ Pain, paresthesia, a sudden increase in
tooth mobility, and nasal obstruction are all area-dependent
clinical features." Osteosarcomas can develop in the con-
text of pre-existing conditions, including hereditary retino-
blastoma, fibrous dysplasia, a history of trauma, Paget’s dis-
ease of bone, hereditary multiple osteochondromas, Li-
Fraumeni syndrome, Rothmund-Thomson syndrome, chro-
nic osteomyelitis, and osteogenesis imperfecta.2’4’11 Osteo-
sarcomas are classified into 3 types by their site of origin: 1)
conventional type, 2) juxtacortical type, and 3) extraskele-
tal type. There are also 3 main histological subtypes based
on whether they are predominantly composed of cartilage
(chondroblastic), malignant bone and osteoid (osteoblastic),

Copyright © 2023 by Korean Academy of Oral and Maxillofacial Radiology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Imaging Science in Dentistry - pISSN 2233-7822 eISSN 2233-7830

— 247 —


https://orcid.org/0000-0003-2633-3754
https://orcid.org/0009-0002-6349-9614
https://orcid.org/0009-0004-2683-4916
https://orcid.org/0000-0003-0690-4257
https://orcid.org/0000-0001-6591-7256

Importance of 3-dimensional imaging in the early diagnosis of chondroblastic osteosarcoma

or spindle cells (fibroblastic).>"

Osteosarcomas can display a variety of radiographic fea-
tures, which can range from osteogenic to mixed, and even
osteolytic patterns. Numerous studies have characterized
the tumor by its radiopaque “sun-ray appearance,” a result
of irregular bone spicules developing outwardly and per-
pendicular to the lesion’s surface once the tumor invades
the periosteum.” Even though this feature is considered
pathognomonic,'” not all lesions have this particular pre-
sentation. Several studies have also described the tumor as
having poorly defined margins, mixed radiolucencies, or in
more advanced cases, a “moth-eaten” appearance.z’13 The
non-specific nature of these radiographic presentations can
make diagnosis using conventional 2D radiographs particu-
larly challenging, especially in the early stages of tumor for-
mation. This can potentially lead to false negative results.
Therefore, 3-dimensional (3D) imaging modalities, such as
computed tomography (CT) and magnetic resonance imag-
ing (MRI), are often necessary. These tools not only support
the diagnosis, but also provide an accurate assessment of
the tumor’s size and stage, and help determine the involve-
ment of soft and hard tissues.’

The pathologist’s diagnosis is considered the gold stan-
dard for treatment planning and management.14 However,
early diagnosis of malignant tumors is often delayed due to
their diverse clinical characteristics.”” One study observed
a shift in diagnosis from either an inflammatory or benign
lesion to a malignant tumor in 30% of patients. This change
occurred after a CT examination was performed following
panoramic radiography, prior to histological analysis. For
this 30%, the panoramic radiographs did not display the

typical malignant pattern, particularly for tumors located
in the maxilla."”” Conventional intra- and extra-oral radio-
graphs have limitations, including distortions, superim-
position of anatomical structures, and magnification.'®'” CT
has been identified as the gold standard for diagnosing and
treating intraosseous bone lesions, as it provides a compre-
hensive visualization of the lesion’s size without superim-
positions, using high-resolution imaging.'” However, CT
does expose the patient to high levels of radiation. Cone-
beam computed tomography (CBCT) is considered a superior
alternative for dental and maxillofacial regions due to its
lower radiation dose and shorter imaging time. Yet, its low
contrast resolution makes detecting soft tissue more challen-
ging, and it is deemed insufficient for identifying soft tissue
involvement.'**' Recent studies have sought to develop
methods for early diagnosis of osseous lesions using deep
learning-based diagnosis and/or pixel value utilization.”>**

Despite the existing evidence, there is limited knowledge
about the early diagnosis of osteosarcoma using 3D imaging,
particularly in cases where 2D images have failed to confirm
a diagnosis. Therefore, the purpose of this article is to dis-
cuss a rare instance of chondroblastic osteosarcoma. In this
case, 2D imaging techniques were inadequate for making
a radiographic diagnosis, which was subsequently deter-
mined through CBCT analysis.

Case Report

A 17-year-old female presented at a private dental clinic,
expressing concerns about swelling and discomfort in the
upper right quadrant of her mouth that had persisted for

Fig. 1. Periapical radiographs of the upper right quadrant. A. A radiograph taken following the initial examination reveals a radiopaque image
in the alveolar bone situated between the first and second premolars. B. A periapical radiograph, captured a few weeks post-completion of the
root canal treatment on the maxillary right first premolar, displays a displacement of the first premolar and an enlarged, heterogeneous hyper-

dense area with indistinct boundaries located between the premolars.
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several weeks. The swelling was clinically observed around
the apex of the maxillary right first premolar, as she repor-
ted. She did not report any associated symptoms such as
numbness, fever, weight loss, difficulty breathing, or swell-
ing in other areas. Her medical history did not contribute to
her current condition. She does not smoke and maintains
satisfactory oral hygiene.

On extraoral examination, a minor swelling was noticed
beneath the nasolabial fold in the upper right quadrant. The
lymph nodes in the head and neck region were not detect-
able through palpation. During the intraoral examination,
the maxillary right first premolar appeared to be in good
condition with no visible signs of decay. The distinct swell-

Fig. 2. An intra-oral photograph, taken after the extraction of the
first premolar, displays a nodular, ulcerated lesion with raised edges,
partially covering the second premolar. ing was limited to the upper right premolar area, exhibiting

Fig. 3. Multiplanar reconstruction of the lesion, derived from 3-dimensional cone-beam computed tomographic images. A. Cross-sectional
images enhanced by software contrast. Top left: Sagittal view of the second premolar site showing a mesial hypodense area of bone resorption
and a distal heterogeneous hyperdense area of periosteal reaction; bottom-left: axial view showing buccal and palatal extensions of the lesion;
right side: coronal view showing loss of the buccal bone plate and periosteal reaction, which exhibits a sun-ray appearance beneath a small
hypodense area. This area is associated moth-eaten resorption of the buccal plate. B. Cross-sectional images of the maxillary right canine. Top
left: Coronal oblique view showing hypodense areas of bone resorption at the distal aspect of the canine root; Bottom left: axial view of the
canine site; right side: parasagittal view showing buccal displacement and an increased density of the alveolar bone, including palatal perios-
teal reaction. C. Cross-sectional images of the maxillary right first premolar. Top left: Oblique view showing a hypodense area suggestive of
moth-eaten bone resorption apically to the first premolar and distal to the canine apex, with a distal hyperdense area suggestive of periosteal
reaction; bottom left: axial view showing the hypodense area of the lesion distal to the first premolar; right side: parasagittal view showing
buccal displacement of the first premolar and larger apical areas of moth-eaten resorption at the buccal aspect of the alveolar ridge. Note the
hyperdense images, which suggest the presence of extruded endodontic material. D. Low-contrast cross-sectional images of the lesion site.
Top left: Sagittal view showing mesial and distal extensions of the lesion; bottom-left: axial image showing buccal and palatal periosteal reac-
tions; right side: coronal view showing the sun-ray appearance of a highly heterogeneous and ill-defined hyperdense lesion.
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a bony hardness and non-tenderness to palpation.

Initially, a periapical radiograph was performed. The
results revealed loss of lamina dura, accompanied by a ra-
diolucent area primarily surrounding the distal aspect of
the root of the maxillary right first premolar. This radiolu-
cent area was, in turn, bordered distally by a radiopaque
area within the alveolar bone. The root of the tooth was
displaced mesially (Fig. 1). Root canal treatment was sub-
sequently performed, but the swelling persisted and even
increased in size over several weeks. The patient was also
given antibiotics; however, no reduction in swelling was
observed (Fig. 2).

Given those unsuccessful attempts to manage the lesion,
the private clinic’s professional decided to conduct a CBCT
scan (ProMax, Planmeca, Helsinki, Finland; imaging pro-
tocol: 90 KVp, 8 mA, 12 seconds of exposure time, 0.2 mm
slice thickness). This was a sectional CBCT scan, extend-
ing from the distal aspect of tooth 16 to the sagittal mid-
line. The original Digital Imaging and Communications in
Medicine (DICOM) images, along with previous 2D radio-
graphs and patient history data, were forwarded to our de-
partment for analysis.

The CBCT images revealed a heterogeneous, hyperdense
lesion with unclear boundaries located at the sites of the
maxillary right canine and first premolar, causing displace-
ment of both teeth (Figs. 3 and 4). Hyperdense images,
indicative of an overextended endodontic treatment, were
observed within the lesion. Alongside this, buccal and pal-

atal periosteal reactions exhibiting a “sun-ray” appearance
were detected, as well as cortical discontinuity in axial
and cross-sectional views. A hypodense area, presenting a
“moth-eaten” appearance consistent with bone resorption,
was also discernible around the distal, mesial, and upper
boundaries of the lesion. Additionally, buccal and palatal
soft tissue swelling was evident around the lesion (Fig. 5).
Given these findings and the short history of the lesion, the
radiographic diagnosis was determined to be osteosarcoma.

Before the biopsy, a CT scan (Gemini TF 64, Philips
Healthcare, Andover, MA, USA) was performed to further
evaluate the lesion (Fig. 6). The scan parameters were as
follows: 120 kVp tube voltage, 169 mA tube current, 1 mm
slice thickness, 0.81 mm pixel spacing, and a 512 X512
matrix. The scan revealed a mixed, ill-defined, heterogen-
eously hyperdense lesion in the trabecular bone of the alveo-
lar ridge. This lesion extended vertically from the middle of
the ridge to the alveolar crest, located between the maxil-
lary right first and second premolar teeth. The buccal plate
showed signs of resorption, with a hyperdense mass and
lines extending beyond the boundaries of the buccal and pal-
atal plates, indicative of periosteal proliferation. The area of
soft tissue swelling was slightly larger than initially estima-
ted with CBCT. A PET-CT scan was also conducted, cover-
ing the area from the skull vertex to the mid-thighs, with
the arms raised. The scan showed no signs of adenopathy,
pulmonary nodules, or other masses that could suggest
potential metastasis or secondary tumors (Fig. 7).

Fig. 4. Three-dimensional reconstruction of the case, augmented with threshold editing to highlight the lesion area and the displaced maxillary
right first premolar (shown in both frontal and lateral views). A. A lateral view reveals the buccal displacement of the first premolar and canine
in the lesion area. B. A frontal view of the lesion site displays the mesial displacement of the first premolar and the mesial-distal spread of the

lesion.
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Fig. 5. Cone-beam computed tomographic filter of the eVolDXS software (CDT Software, Sao Jose dos Campos, BRAZIL). The software
enhances the visualization of the lesion’s extension within the soft tissues. This is demonstrated in both the 3D reconstruction (left) and the

coronal image (right).

Fig. 6. A mixed, ill-defined, heterogeneous, hyperdense lesion is visible on the multi-planar reconstruction of a medical CT scan, which
was imported using a DICOM viewer (Horos software, The Horos Project, Geneva, Switzerland). A. A sagittal image displays the vertical
and anterior-posterior dimensions of the lesion. B. An axial image reveals the mesial-distal and buccal-palatal dimensions of the lesion,
extending from the middle of the ridge to the alveolar crest between the maxillary right first and second premolar. C. A coronal image illus-

trates the buccal extensions of the lesion.

The patient underwent a 3-T MRI scan (Magnetom Vida,
Siemens Healthcare, Erlangen, Germany) using two primary
pulse sequences: a) a T1-weighted turbo spin-echo pulse se-
quence with a 3 mm slice thickness, 840 ms repetition time,

9.3 ms echo time, 3 averages, 3.6 mm slice gap, 401-pixel
bandwidth, 127° flip angle, and a 220 X 220 field-of-view;
and b) a T2-weighted spin-echo pulse sequence with a 3
mm slice thickness, 8130 ms repetition time, 103 ms echo

— 251 —



Importance of 3-dimensional imaging in the early diagnosis of chondroblastic osteosarcoma

[WB_CTAC] Body
62072022

Serles: 1911207 Slce: 66
SUV LL:0.00 UL8.03

[WB_CTAC] Body
62072022

g

Series: 1911207 Shee: 15

whitless LL:0.00 UL1696.01

Fig. 7. PET-CT scan obtained from skull vertex to mid thighs in arms up position. A. Axial PET-CT and maximum intensity projection
(MIP) images. Left: axial view shows a localized lesion in the maxillary right canine-first molar region. Right: axial positron emission to-
mography showing negative result. B. F-FDG (fluorodeoxyglucose) method. Left: fused axial image shows mesial-distal and buccal-palatal
extensions. Right: whole-body positron emission tomography showing a negative result.

time, 1 average, 3.6 mm slice gap, 319-pixel bandwidth,
130° flip angle, and a 220 X 220 field-of-view. Both T1- and
T2-weighted images showed signal inconsistency within
the lesion, with the peripheral areas of the lesion displaying
a lower signal than the central area near the alveolar ridge
(Fig. 8). Contrast-enhanced T1-weighted images provided
a clearer view of the lesion’s extent, which was determined
to span from the first molar to the canine sites (Fig. 9).

An incisional biopsy, consisting of a mucosal ellipse with
a maximum dimension of 10 mm, revealed inflamed and
ulcerated mucosa infiltrated by a malignant neoplasm. This
neoplasm was composed of sheets and clusters of polygonal,

spindle-shaped, and stellate cells with irregular nuclei,
prominent nucleoli, and scanty amphophilic cytoplasm.
Notably, there was scattered mitotic activity, with 4 mitotic
figures observed per 10 high power fields. The neoplastic
cells were seen to directly produce malignant osteoid, fea-
turing central calcification and cartilaginous change. Areas
of tumor necrosis were also observed. These histological
characteristics were indicative of a high-grade chondroblas-
tic osteosarcoma (Fig. 10). The patient was subsequently
referred to the oncology department for neoadjuvant chemo-
therapy before surgical intervention, with the aim of im-
proving prognosis and long-term survival rate. To the best
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Fig. 8. A3-T MRI scan. A. T1-weighted turbo spin-echo pulse sequence. B. T2-weighted spin-echo pulse sequence. On the left side, an axial
image displays the mesial-distal and buccal-palatal extensions of the lesion, which extends from the middle of the ridge to the alveolar crest
between the maxillary right canine and the first maxillary molar. On the right side, a coronal image shows the lateral-medial and vertical
extensions of the lesion, which exhibit heterogeneous signal intensities.

Fig. 9. A contrast-enhanced T1-weighted image reveals the extent of the lesion from the right maxillary first molar to the canine. A. A sagittal
image displays the vertical and anterior-posterior dimensions of the lesion. B. An axial image illustrates the mesial-distal and buccal-palatal
spread of the lesion, extending from the middle of the ridge to the alveolar crest between the right maxillary canine and the first maxillary mo-
lar. C. A coronal image presents the lateral-medial and vertical dimensions of the lesion, exhibiting heterogeneous signal intensities.

of the authors’ knowledge, the patient has been following

the reported treatment plan at the time of this article’s publi- Discussion
cation, with no further changes in treatment or clinical pre- This report details a rare instance of maxillary chondro-
sentation to date. blastic osteosarcoma, a diagnosis that was only possible
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Fig. 10. A. Histopathologic examination reveals the production of malignant osteoid by pleomorphic neoplastic cells, which are polygonal,
spindled, and stellate in shape (H&E stain, original magnification X 40). B. The image shows malignant osteoid undergoing central calcifi-
cation and cartilaginous transformation (H&E stain, original magnification X 100).

through CBCT analysis. To confirm the diagnosis and estab-
lish a treatment plan, a CT and MRI were performed, fol-
lowed by an incisional biopsy. The diagnostic process pre-
sented several challenges due to certain deviations from the
typical clinical and radiographic characteristics of the lesion.
Chondroblastic osteosarcoma is marked by the production
of high-grade hyaline cartilage and a chondroid matrix with
varying cellularity.'” According to the literature, this pathol-
ogy most frequently occurs in males between the ages of 30
and 40. However, in this case, the patient was a 17-year-old
female. Another deviation is that this type of tumor is most
often found in the mandible, but in this case, it developed
in the premolar region of the maxilla.”'’ The patient did
not present with any pain, paresthesia, nasal obstruction, or
metastasis, most likely due to the tumor’s early stage. How-
ever, as with all tumors, early diagnosis is crucial for a better
prognosis.” The patient also showed slight mobility of the
affected tooth, the maxillary right first premolar. Previous
research has indicated that lesions in the mandible are more
likely to spread to other bones in the body (metastasize).”**’
while lesions in the maxilla tend to affect the alveolar
ridge.”® Similar to most previously reported osteosarcomas,
the lesion initially appeared as a firm, painless swelling
within a period of less than 5 months.*'**

Some tumor-specific radiographic features include ill-
defined margins, irregular widening of the periodontal liga-
ment (PDL) space, and the pathognomonic sunburst or sun-

ray appearance.””” Radiographic findings can sometimes
lead to misdiagnoses, with some cases being mistaken for
benign fibro-osseous lesions”' or giant cell granuloma.”® In
this particular case, initial radiolucency around the root’s
distal aspect led the private clinic’s dentist to suspect a peri-
apical inflammatory pathology, which prompted endodontic
treatment. In retrospect, the periapical radiograph did reveal
some aggressive features such as localized PDL space widen-
ing, lamina dura destruction, and ill-defined borders. How-
ever, these signs were not sufficient for a definitive diagno-
sis. This aligns with a previous study that found radiographic
features suggestive of malignancy in 80% of the cases anal-
yzed.29 However, these features were not sufficient for a
definitive diagnosis.

In the majority of studies, a significant delay was obser-
ved between the initial presentation and the diagnosis of
tumors when 2D radiographic tools were utilized, with some

263031
How-

cases experiencing a delay of up to 24 months.
ever, in this particular case, a diagnosis was reached within
just 3 months, thanks to the use of 3D CBCT multiplanar
imaging. This technology made the lesion’s characteristics
more apparent when compared to the initial 2D modalities,
which included either a panoramic radiograph, a standard
maxillary occlusal, or a periapical radiograph. According to
the guidelines published in 2015,”* 3D CBCT is only recom-
mended in instances where the diagnosis is uncertain, lead-
ing to an unclear treatment plan. Recent literature widely
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agrees on the value of CBCT imaging in the diagnostic and
treatment planning process.33’34 A 4-year retrospective study
found that the primary diagnosis and/or treatment plans were
altered in 20% of cases after CBCT imaging, particularly for
cases with lesions near the maxillary sinuses.” Weiss and
Read-Fuller (2019)** and Schulze and Drage (2020)* the
importance of CBCT imaging in assessing large cysts and
tumors, especially when panoramic radiography alone is
inadequate due to superimposition and proximity to vital
structures. However, CBCT may not be sufficient for sus-
pected malignant tumors due to its smaller contrast scale and
lower soft tissue detail compared to CT, making it difficult
to differentiate between cystic or solid lesions. Converse-
ly, CBCT has been found to enhance surgeons’ confidence
when planning a surgical approach.37 In this case, the “moth-
eaten” and “sun-ray” appearances were only visible on
the CBCT images, along with a clear understanding of all
extensions, displacement of adjacent teeth, and periosteal
proliferation. This led to a conclusive differential diagnosis
that underscored the need for histopathology to provide a
definitive diagnosis.

The patient’s prognosis hinges on two primary factors:
the size of the tumor and the feasibility of treatment or re-
section upon diagnosis.38 In this instance, CT scans and T1-
and T2-weighted MRI were utilized to verify the extent of
the tumor, aligning with prior osteosarcoma studies. This
held particular clinical significance for tumors in the maxil-
lary bone, where achieving a complete tumor resection is
notably challenging, leading to a higher likelihood of local
recurrence compared to mandibular tumors.” Local recur-
rence is more probable than distant metastasis, with post-
operative positive margins strongly linked to a poor progno-
sis. In terms of the patient’s treatment, the current strategy
of initiating chemotherapy before surgical resection is backed
by existing literature.” Alongside chemotherapy, several
studies have acknowledged the role of radiotherapy in en-
hancing prognosis before surgery by increasing the likeli-
hood of achieving negative surgical marg;{ins.m’25

This is a single case report, so there are inherent limit-
ations in generalizing both the clinical and radiographic pre-
sentations. It would be advisable to conduct prospective clin-
ical studies to tackle the challenges and limitations assoc-
iated with using 2D radiographic imaging modalities. Addi-
tionally, these studies could explore the utility of CBCT
imaging for early tumor diagnosis in the jaws. At present,
there is a scarcity of data comparing the capacity of CBCT
to influence clinical outcomes and treatment planning for
malignant lesions. One contributing factor to this is the
limited sample size, which is due to the low prevalence of

Laura Althea Cuschieri et al

these diseases.

Within the limitations of this report, the present findings
suggest that 3D imaging with CBCT is useful to make an
early diagnosis of osteosarcomas in the jaws. Clinical signs
and symptoms should always be evaluated in conjunction
with dental radiographic findings.

Conflicts of Interest: None
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