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Computed tomography and magnetic resonance imaging characteristics of giant cell tumors
in the temporomandibular joint complex
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ABSTRACT
Purpose: This study aimed to investigate the computed tomography and magnetic resonance imaging features of
giant cell tumors in the temporomandibular joint region to facilitate accurate diagnoses.
Materials and Methods: From October 2007 to June 2020, 6 patients (2 men and 4 women) at Yonsei University
Dental Hospital had histopathologically proven giant cell tumors in the temporomandibular joint. Their computed
tomography and magnetic resonance imaging findings were reviewed retrospectively, and the cases were classified
into 3 types based on the tumor center and growth pattern observed on the radiologic findings.
Results: The age of the 6 patients ranged from 25 to 53 years. Trismus was found in 5 of the 6 cases. One case
recurred. The mean size of the tumors, defined based on their greatest diameter, was 32 mm (range, 15-41 mm). The
characteristic features of all cases were a heterogeneously-enhancing tumorous mass with a lobulated margin on
computed tomographic images and internal multiplicity of signal intensity on T2-weighted magnetic resonance images.
According to the site of origin, 3 tumors were bone-centered, 2 were soft tissue-centered, and 1 was peri-articular.
Conclusion: Computed tomography and magnetic resonance imaging yielded a tripartite classification of giant cell
tumors of the temporomandibular joint according to their location on imaging. This study could help clinicians in
the differential diagnosis of giant cell tumors and assist in proper treatment planning for tumorous diseases of the
temporomandibular joint. (Imaging Sci Dent 20200300)
KEY WORDS: Diagnostic Imaging; Giant Cell Tumors; Magnetic Resonance Imaging; Temporomandibular Joint

Introduction
Giant cell tumor (GCT) is regarded as benign intraosseous
or extraosseous neoplasms arising from multinucleated giant
cells.1-3 It can be divided into 3 entities depending on their
origin: GCT of the bone, GCT of the soft tissue, and tenosynovial GCT (TGCT), which encompasses pigmented villonodular synovitis and GCT of the tendon sheath according to the 2013 World Health Organization classification.3
The histologic appearance of GCT varies depending on
the proportion of synoviocytes, histiocytes, osteoclast-like
giant cells, and xanthomatous histiocytes, the amount of
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hemosiderin, and the degree of collagenization.1,4,5 The
high degree of variation in cellular composition makes it
difficult to diagnose GCT accurately based on its histologic
appearance, especially in biopsy specimens.4-7
The temporomandibular joint (TMJ) plays a pivotal role in
articulation between the mandible and middle cranial fossa.
The structure of the TMJ is complex, including the disc,
retrodiscal tissue, synovium, and synovial fluid; furthermore, it is surrounded by masticatory muscles, tendons,
and ligaments to achieve efficient translation.8 When a GCT
involves the TMJ region, this anatomical complexity makes
the diagnosis more challenging than for GCT in large joints
such as the hip and shoulder.7 This difficulty is augmented by
the fact that GCT in the TMJ region is very infrequent. Even
including cases reported using other synonyms, lesser than
100 GCTs in the TMJ have been reported in the Englishlanguage literature.9-25 In particular, reports of GCT in the
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mandibular condyle are extremely rare.14,19
The purpose of this study was to investigate the radiologic
features of GCTs of the TMJ on computed tomography (CT)
and magnetic resonance imaging (MRI) to facilitate accurate diagnoses.

A

Materials and Methods
A retrospective review, approved by Institutional Review
Board of Yonsei University Dental Hospital, was done to
evaluate the clinical and radiologic features of 6 patients
with histologically proven GCT in the TMJ. The patients
were recruited through an electronic search of our institution’s pathological database from October 2007 to June
2020. The clinical records of the enrolled patients were
thoroughly reviewed by a radiologist with over 10 years
of experience in oral and maxillofacial radiology. The CT
scans of the 6 patients were obtained by multi-detector CT
(Optima CT 520; Philips Medical Systems, Cleveland, OH,
USA). They also underwent MRI scans using a 3.0-T unit
(Pioneer; GE Healthcare, Waukesha, WI, USA). The MRI
scans included multiplanar spin-echo T1-weighted imaging
(TR/TE, 734/9) and multiplanar spin-echo T2-weighted
imaging (TR/TE, 2707/66).
For each case, CT and MRI findings were evaluated with
an emphasis on the lesion’s size, margin, effect on the adjacent tissue, internal attenuation on CT, and signal intensity
on MRI. The size of the lesion was calculated based on
mean maximum diameter measured in 3 orthogonal planes.
The margin of the lesion was classified as round to ovoid,
lobulating, or infiltrative. Two categories were used to des
cribe bone structure changes (remodeling or destruction),
the former of which included cortical thinning, expansion,
or bone erosion. The signal intensity of the lesion on T1- and
T2-weighted MRI was compared with that of the masticator
muscle by visual assessment. On post-contrast CT and
MRI, the pattern of enhancement in the solid portions of the
lesion was categorized as homogeneous or heterogeneous.
Based on these assessments, all cases were categorized
as bone-centered, soft tissue-centered, or peri-articular
types, using a modified version of a classification system
proposed in a previous study.24 The bone-centered type
was defined as a lesion confined to the condyle or temporal
bone. The soft tissue-centered type seemed to originate
from the soft tissue around the TMJ, and presented no des
truction of the neighboring bony structure. In the peri-arti
cular type, the lesion originated from the connective tissue
outside of the mandibular condyle with invasion into the
bone marrow space (Fig. 1).

B

C

Fig. 1. Giant cell tumors in the temporomandibular joint region
are categorized as bone-centered (A), soft tissue-centered (B), or
peri-articular (C) according to the tumor’s center and growth pattern. The right and left figures indicate a tumor mass on magnetic
resonance imaging and computed tomography. Bone-centered type
(A) shows a lobulated tumorous mass with internal high attenuation portion (white arrow). Peri-articular type (C) presents bony
destruction by infiltrative tumorous mass (white asterisk).

Results
The patients’ demographic characteristics, initial symptoms, and clinical findings are summarized in Table 1.
The patients consisted of 2 men and 4 women, with an age
range of 25-53 years (mean age, 32.8 years). The left TMJ
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Table 1. Summary of the clinical and demographic characteristics of the 6 patients

No. of
case

Sex

Age
(years)

Side

1
2
3
4
5
6

Male
Female
Male
Female
Female
Female

29
53
28
30
25
32

Left
Left
Left
Right
Right
Left

Clinical signs

Follow-up

Pain

Swelling

Trismus

Treatment

Recurrence

Duration (months)

Yes
Yes
Yes
Yes
No
No

Yes
Yes
No
Yes
No
No

Yes
No
Yes
Yes
Yes
Yes

Surgical excision
Surgical excision
Surgical excision
Surgical excision
Surgical excision
Surgical excision

No
No
No
Yes
No

1
121
49
39
91
6

No.: number

A

B

was affected in 4 cases and the right TMJ in the other 2
cases. The patients complained of trismus (83.3%), pain
(66.7%), and facial swelling (50.0%). All patients underwent complete surgical excision without postoperative radiation or chemotherapy and were followed up for at least 1
month, with the longest follow-up being 121 months (mean
follow-up duration, 51 months). One patient underwent additional resection surgery for removal of a residual or recurrent lesion after 1 year. No recurrence was reported in the
other 5 patients during the postoperative follow-up period.
The CT and MRI features of the lesions are summarized
in Table 2. The mean size of the tumors, defined based
on their greatest diameter, was 32 mm (range, 15-41 mm).
Three tumors were bone-centered, 2 were soft tissue-centered, and 1 was peri-articular.
The CT images of the bone-centered tumors presented
cortical expansion of the mandibular condyle and lobulated
septation, suggesting that the lesions had a lobulated margin. Two of the 3 cases showed low signal intensity at the
periphery on both T1 and T2-weighted MRI sequences.
The central portion of the lesions, unlike the peripheral
portion, showed a variety of signal intensity. Of particular

A

Fig. 2. A. A bone-centered giant cell
tumor is observed as a lobulated hyperdense tumorous mass on the left
condylar head. B. At the periphery, a
low signal intensity on T2-weighted
magnetic resonance imaging is detected (white arrow).

B

Fig. 3. A. The soft tissue-centered type of giant cell tumor, shown as
a heterogeneously enhancing tumorous mass, is located in the masti
catory space on computed tomography. B. The tumor is observed
as iso or slightly high signal intensity compared to the masticatory
muscle on coronal T1-weighted magnetic resonance imaging with
intracranial extension (white arrow).

note, the T2-weighted MRI scans showed high T2 signal
intensity with internal chondroid metaplasia (case 1). In
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Fig. 4. A. The peri-articular type of
giant cell tumor presents bony remodeling of the left condyle’s anterior border on a panoramic radio
graph (white triangle). B. On axial
contrast-enhanced T1-weighted magnetic resonance imaging, the tumorous mass shows an infiltrative grow
th pattern into the condylar head with
heterogeneous enhancement (white
arrow).

A

B

contrast, the soft tissue-centered type showed a well-encapsulated tumorous mass with heterogeneous enhancement on
contrast-enhanced CT and iso or slightly high signal intensity compared to the masticatory muscle on T1-weighted
MRI sequences. Its growth pattern was depicted as a wide
ned joint space and/or compression of the neighboring masticatory muscles with minimal potential for bony destruc
tion. The peri-articular type had an infiltrative growth pattern that was presumed to have multiple centers along the
synovium or other connective tissue.

Discussion
GCT is a locally aggressive neoplasm originating from
undifferentiated mesenchymal cells.1-3 Due to its neoplastic
etiology, which may be still controversial, it is pathologi
cally distinguishable from giant cell reparative lesion
(GCRL).6 It can be classified according to whether it origi
nates in the bone marrow, soft tissue (e.g., muscle), or the
synovial lining in the joint space.3 However, due to the
complex anatomic structures of the TMJ, it is often difficult
to accurately categorize the tumor, especially if the lesion is
very large and aggressive.6,7,16
GCT of the bone usually originates from the medullary
space of long bones, and in the head and neck region it pre
dominantly affects the sphenoid, ethmoid, and temporal
bones. GCT of the bone has a male predilection,2,3,8,14,19
whereas TGCT, which usually arises from the joint syno
vium, presents no definite sex predilection.1,4,11,15,20,22 However, the present study of TMJ GCT showed a female predilection, with a male-to-female ratio of 1 : 2.
Although GCT can be found in any age group, it most
commonly occurs in the third or fourth decade of life, which

is consistent with our findings.19,22 This is unlike GCRL,
which is found in both jaws with a roughly even distribution and tends to occur in the second decade of life.5,7
The most common presenting symptoms of GCT include
a pre-auricular palpable mass or swelling, pain, trismus, or
hearing loss.9-25 The symptoms are non-specific to the lesion,
and vary depending on the anatomical structures that
the tumor involved.24 However, in the present study, the
chief complaint differed according to the subtype of GCT.
Bone-centered tumors tended to be accompanied by pain,
while patients with soft tissue-centered tumors reported
trismus. This might be attributed to the growth potential of
the tumor mass extending into the masticatory muscle.
The 3 subtypes of GCT in the TMJ region showed different CT and MRI features. The bone-centered type occurred
in 3 cases (cases 1-3), of which 1 was centered in the temporal bone and the others were located in the condylar
head. In one of the latter cases, intracranial extension was
detected. The imaging features of bone-centered osteolytic
GCT were a lobulated margin with cortical thinning and
expansion of the condylar head, and intracranial extension.
On T2-weighted MRI, its signal intensity was observed as
internal patch-like multiplicity with a peripheral dark rim.
The soft tissue-centered type (cases 4 and 5) showed a heterogeneously enhancing mass accompanied by compressive
bony remodeling, sclerosis, and periosteal new bone formation. These tumors presented heterogeneous signal intensity
on T2-weighted images and slightly high signal intensity on
T1-weighted images. They showed a mass effect, including
joint space widening and intracranial extension, depending
on the tumor size and center. These imaging findings are
similar to those of leiomyosarcoma or fibromyxosarcoma,
meaning that a precise differential diagnosis is required.
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Low at periphery
Low at periphery
High
Moderate to high
Moderate
Low to high
Low at periphery
Low at periphery
Iso
Moderate
High
Iso
Hetero
Hetero
Hetero
Hetero
Hetero
Hetero
No
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
No
No

Minimal
High
High
High
High
High

T2-weighted
T1-weighted
Pattern
Degree
Intracranial
extension
Widening of
the joint spaces

The peri-articular type (case 6) showed an infiltrative
growth pattern into the bone marrow from the tendon sheath
or synovium outside the bony part of the TMJ complex.
Although there may be some controversy in the classification, this type can be regarded as diffuse pigmented villonodular synovitis, which has rarely been reported in the
TMJ region.
Kim et al. proposed that GCT shows a dark signal intensity
on T1 and T2 and the blooming effect, suggesting internal
hemosiderin deposition.12,22,24 However, these characteristics
were not clearly detected in the present study.
The differential diagnosis of GCT includes aneurysmal
bone cyst, chondroblastoma, chondrosarcoma, giant cell
reparative granuloma, and the aggressive type of synovial
chondromatosis.5-7,24,26 In cases of internal calcification, it is
necessary to distinguish GCT from bone-forming malignancies.18,24,27,28 Furthermore, when an aggressive growth pattern is evident, the possibility of malignancy cannot be ruled
out until the diagnosis is confirmed through a histologic exa
mination.7,18,24 The imaging features of GCT shown by CT
and MRI can facilitate an accurate diagnosis and suggest
optimal treatment.
In conclusion, the CT and MRI characteristics of GCT
in the TMJ varied depending on the location in the present
study. This information may be helpful for diagnosing GCT
in the TMJ area.

Mean size
(mm)

41
35
32
39
30
15
1
2
3
4
5
6

Bone-centered
Bone-centered
Bone-centered
Soft tissue-centered
Soft tissue-centered
Peri-articular

Lobulated
Lobulated
Lobulated
Lobulated
Lobulated
Infiltrative

Remodeling
Remodeling
Remodeling
Remodeling
Remodeling
Destruction

Conflict of Interest: None

No. of
case

Type

Margin

Bony change

MRI signal intensity
Internal
enhancement of CT
Effect on the adjacent structure

Table 2. Computed tomographic (CT) and magnetic resonance imaging (MRI) features of giant cell tumors with involvement of the temporomandibular joint region
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