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Abstract 

Background Surgical management for chondrosarcoma of the temporomandibular joint (TMJ) is challenging 
due to the anatomical location involving the facial nerve and the functional joint. The purpose of this case series 
was to analyze the largest number of TMJ chondrosarcoma cases reported from a single institution and to review 
the literature about chondrosarcoma involving the TMJ.

Methods Ten TMJ chondrosarcoma patients at Seoul National University Dental Hospital were included in this study. 
Radiographic features, surgical approaches, histopathologic subtypes, and treatment modalities were evaluated. All 
case reports of TMJ chondrosarcoma published in English from 1954 to 2021 were collected under PRISMA guidelines 
and comprehensively reviewed.

Results The lesions were surgically resected in all 10 patients with efforts to preserve facial nerve function. Wide exci‑
sion including margins of normal tissue was performed to ensure adequate resection margins. All TMJs were recon‑
structed with a metal condyle except one, which was reconstructed with vascularized costal bone. At last follow‑up, 
all patients were still alive, and there had been no recurrence. Among 47 cases (patients from the literature and our 
cases), recurrence was specified in 43 and occurred in four (9.5%).

Conclusions For surgical management of TMJ chondrosarcoma, wide excision must consider preservation 
of the facial nerve. Reconstruction using a metal condyle prosthesis and a vascularized free flap is reliable. A more 
conservative surgical approach correlates with a favorable prognosis for facial nerve recovery. Nevertheless, wide 
excision is imperative to prevent tumor recurrence. In cases in which the glenoid fossa is unaffected by the tumor, it 
is deemed unnecessary to reconstruct the glenoid fossa within an oncological setting.
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Background
Chondrosarcoma is a malignant neoplasm in which the 
tumor cells form a cartilaginous matrix [1]. It is the sec-
ond most frequent primary malignant tumor of the bone 
after osteosarcoma [2]. However, the head and neck 
region has been reported as a rare site of origin for chon-
drosarcoma, accounting for 1 to 12% of chondrosarcoma 
cases [3]. Furthermore, chondrosarcoma in the temporo-
mandibular joint (TMJ) area is extremely rare.

Diagnosing chondrosarcoma in the head and neck 
region is challenging because cartilaginous neoplasms 
are rare and exhibit various histopathologic patterns, 
from benign chondroid tumors to malignant undiffer-
entiated neoplasms [4]. According to previous studies, 
delays in diagnosing TMJ chondrosarcoma have reached 
6 to 8 years [5, 6]. Treating chondrosarcoma of the TMJ 
is also challenging because of the proximity of vital struc-
tures and the consequent difficulty of performing an 
adequate resection. Cranial invasion has been reported 
previously [5, 6], and chondrosarcoma of the facial skel-
eton has been reported to have poorer prognosis than 
that in other regions of the body [7]. The latest therapeu-
tic concepts in TMJ surgery, including resection guide 
by digital osteotomy templates [8], pre-bent and milled 
plates [9], 3D-printed patient-specific prostheses [10], 
and intraoperative navigation [11], can aid in accurate 
resection and reconstruction.

During the past 20 years, we have encountered multiple 
cases of destructive cartilaginous neoplasms in the TMJ 
and neighboring anatomy that were diagnosed by mag-
netic resonance imaging (MRI) and open biopsy. This 
article provides a detailed analysis of that case series and 
a comprehensive literature review of chondrosarcoma 
involving the TMJ to evaluate diagnostic approaches, 
management modalities, and final outcomes.

Methods
Subjects
The study sample contains patients with chondrosarcoma 
arising in the TMJ for which they underwent therapeu-
tic surgery at the Department of Oral and Maxillofacial 
Surgery at Seoul National University Dental Hospital 
from April 1, 2000 through October 31, 2021. This study 
was approved by the Institutional Review Board of Seoul 
National University Dental Hospital (IRB approval num-
ber: ERI21040).

Treatment protocol
In this study, MRI, contrast-enhanced computed tomog-
raphy (CT), and positron emission tomography-CT 
(PET-CT) were performed for radiographic examina-
tion [12]. Open biopsy was conducted for pathologic 
confirmation of the diagnosis. For the definite surgery, 

wide excision and immediate reconstruction were con-
ducted on the same day. Histopathologically, chondro-
sarcoma is categorized into three subtypes (grades I, II, 
and III) according to nuclear size, cellularity, and fre-
quency of mitosis [13]. Post-operative radiation therapy 
was performed for high-grade cases and cases in which 
the surgical resection margin was involved in pathology. 
Considering the possibility of primary site recurrence 
and lung metastasis, contrast-enhanced CT and chest 
X-ray were recommended at intervals of 3–6 months.

Facial nerve approach
Three surgical approaches to the facial nerve were used 
according to size and location of the tumor. When the 
facial nerve was involved in the tumor, segmental resec-
tion and nerve graft were performed [14, 15]. When the 
nerve was retracted to remove the tumor and the ten-
sion on the nerve increased, intentional cut and end-to-
end repair with epineural suture were used [16]. When 
the tension did not increase during nerve isolation and 
retraction, the nerve was preserved without intervention.

Facial nerve function was evaluated using the House-
Brackmann (HB) grading scale at least 1  year after the 
surgical procedure [17]. The HB system assigns patients 
to categories I to VI based on their degree of facial func-
tion. Grade I is normal function, and grade VI is total 
paralysis.

TMJ reconstruction
The resected condylar and mandibular areas were recon-
structed using vascularized costal bone, a condylar pros-
thesis with a reconstruction plate (Stryker, Kalamazoo, 
MI, USA), or a ramal condylar implant (Zimmer Biomet, 
Jacksonville, FL, USA) [18, 19]. To prevent soft tissue 
depression in the pre-auricular area and to fill the tumor 
defect, a vascularized serratus anterior or latissimus dorsi 
free flap was transferred with microvascular anastomo-
sis [20]. Reconstruction of the glenoid fossa depended 
on the surgical resection margin. When the glenoid fossa 
was included in the surgical resection margin clinically 
or pathologically by intraoperative frozen biopsy, the 
fossa was reconstructed using a fossa implant (Zimmer 
Biomet, Jacksonville, FL, USA) [19].

Literature search
This study followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [21] (Fig. 1). All case reports about TMJ chondro-
sarcoma published in English from 1954 to 2021 were 
collected. The literature search was carried out in Pub-
Med using the keywords “chondrosarcoma” and “tempo-
romandibular joint.” In addition, the reference lists of the 
retrieved articles were manually cross-checked.
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Eligibility criteria and data analysis
All publications reporting cases of chondrosarcoma 
arising in the TMJ were eligible. The inclusion criterion 
was conventional chondrosarcoma cases. Other types, 
including synovial, mesenchymal, and dedifferentiated 
chondrosarcomas, were excluded. Articles that were not 
written in English or whose entire text was unavailable 
were also excluded. Each individual case was thoroughly 
reviewed to obtain data on demographics, diagnosis, 
tumor extent, surgical management, adjunctive therapy, 
and treatment outcomes.

Results
Radiographic findings
The following radiological findings were observed in MRI 
and CT images: condyle destruction, sclerotic changes in 
the condyle, displacement of surrounding structures by 
a mass in the TMJ, calcified foci inside the mass, bulg-
ing of the mass with an enhancing rim, and joint space 

widening (Fig.  2). In this case series, distant metastasis 
was not found on pre-operative PET-CT in any cases.

Facial nerve recovery
Of the 10 cases in our institution, segmental resection 
was performed in two because of nerve involvement in 
the tumor (Table 1 and Fig. 3). In one case, a segment 
of the frontal branch of the facial nerve was resected, 
and the great auricular nerve was grafted interposition-
ally (case 1). In the other, the temporofacial trunk was 
partially resected and interpositionally grafted with the 
thoracodorsal nerve from a latissimus dorsi free flap 
(case 2). In four cases, the facial nerve was intention-
ally cut due to high tension while retracting it during 
approach to the mass (Fig.  3). The zygomatic branch 
(case 3), temporofacial trunk (case 9), and temporofa-
cial and cervicofacial trunks (cases 4 and 5) of the facial 
nerve were intentionally cut, and neurorrhaphy was 
conducted. In the other four cases, the facial nerve was 

Fig. 1 PRISMA flow chart of systematic search on TMJ chondrosarcoma (PRISMA Preferred Reporting Items for Systematic reviews 
and Meta‑Analyses, TMJ Temporomandibular joint)
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preserved because no excessive retraction was required 
during the tumor approach (Fig.  4). In cases involving 
segmental resection, the patients experienced mod-
erately severe facial nerve dysfunction (HB grade IV). 
When an intentional cut was performed, facial nerve 
dysfunction was moderate-mild (HB grade III) or mild  
(HB grade II) at more than 1 year after surgery. In the 
patients who underwent only nerve retraction, nerve 
dysfunction was mild (HB grade II) or absent (HB grade I).

Mandibular condyle and glenoid fossa reconstruction
All patients underwent primary mass removal and recon-
structive surgery simultaneously. The resected condyle 
area was reconstructed with a condylar prosthesis with 
a reconstruction plate or ramal condylar implant except 
in one patient, whose TMJ was reconstructed with vas-
cularized costal bone (Table 1 and Fig. 5). In six patients, 
the glenoid fossa was also reconstructed using a fossa 
implant (Figs.  4 and 5). In case 6, the reconstruction 
plate fractured 23 months after the primary surgery, and 
the mandible was reconstructed with a fibular free flap 
(Fig. 5).

Histopathologic findings
Microscopic examination of sections stained with hema-
toxylin–eosin showed atypical chondrocytes exhibiting 
increased cellularity, pleomorphism, multinucleation, 
and mitoses. Chondrosarcomas demonstrate prolif-
eration of tumor cells within the chondroid matrix with 
focal calcification, as seen in Fig. 6. On stained slides, we 
identified surgical resection margins by measuring dis-
tances from the tumor borders in the anterior, posterior, 
superior, inferior, medial, and lateral directions. When 
tumor cells were observed in the margins in more than 
one direction, the sample was judged to have positive 
margins. Immunohistochemical examination was carried 
out with antibodies against vimentin, S-100 protein, and 
Ki-67. All cases were positive for vimentin and showed 
diffuse positive expression of S-100 protein. Ki-67 was 
expressed in more than 25% of grade III, 10–20% of grade 
II, and less than 5% of grade I patients (Fig. 6).

Post‑operative courses
Seven patients received post-operative radiation therapy 
(Table  2) and experienced complications such as pain, 
trismus, facial nerve weakness, headache and amblya-
cousia, for which they underwent rehabilitation treat-
ment such as physical therapy through the department 
of rehabilitation medicine. The mouth openings for most 
cases were greater than 25  mm. However, the mouth 
openings for cases 1 and 7 were 18  mm and 22  mm, 
respectively. In case 5, the patient’s mouth opening was 
sufficient to allow dental implant surgery under local 
anesthesia about 21 months after the primary operation. 
In case 1, grafted costal bone in the ramus area was par-
tially removed due to an infection at 2 months post-oper-
atively. No other post-operative infections occurred. All 
patients were alive at last follow-up, and no recurrences 
in the condyle or glenoid fossa had occurred. In case 
6, lung metastasis occurred 16  months after the mass 
resection surgery. After partial lobectomy, the patient is 
undergoing periodic follow-up.

Literature review
The 34 articles reporting on 37 cases on chondrosar-
coma of the TMJ published between 1976 and 2021 
are summarized in Table  2 [5–7, 22–46, 48–52]. Of the 
37 cases, facial nerve preservation was reported in 14, 
and the facial nerve was sacrificed in 3 cases. Glenoid 
fossa reconstruction was reported in 13 cases, and gle-
noid fossa reconstruction was completed for 3 patients. 
Among the 47 total cases, including our cases, the tumor 
grade was specified in 43. Among them, 28 cases (65.1%) 
were reported to be grade I, 2 (4.7%) were grade I–II, 10 
(23.3%) were grade II, 1 (2.3%) was grade II–III, and 2 

Fig. 2 Pre‑operative images (case 2) a CT (bone window image): 
an irregularly destructed condyle is observed. The cortical 
bone of the condyle is severely perforated and bone marrow 
is also infiltrated. b CT (soft tissue window image): tiny calcified foci 
are scattered around the margin of and inside the mass. c MRI (T2 
weighted image): heterogeneous high signal intensity is observed 
around the right condyle. d MRI (contrast‑enhanced T1 weighted 
image): heterogeneous enhancement around the right condyle 
is noted
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(4.7%) were grade III. All the patients underwent surgical 
therapy. Of the 47 patients, 19 underwent post-operative 
radiation therapy. Among the 42 cases in which recur-
rence was specified, it occurred in 4 (9.5%). Of the 4 
cases with recurrence, 3 recurred within 1 year, and the 
other recurred after 10  years. Among those 4 patients, 
1 died of the recurred disease, and the other 3 survived. 
Distant metastasis to the lung occurred in 1 patient who 
remained alive after partial lobectomy.

Discussion
Chondrosarcoma arising in the TMJ area is extremely 
rare. Among the 10 patients in our series, 2 were male 
and 8 were female (Table  2). This female predominance 
is consistent with previous studies [46, 47, 53]. The mean 
age of the patients in our study was 48.3 (16–64) years. 
This was not different from recent studies, in which the 
reported mean ages were 46.7 years [46] and 46.5 years 
[47, 53].

The major radiological features of chondrosarcoma 
arising in the TMJ were consistent with previous stud-
ies [35, 39, 45–47, 53]. MRI is recommended for 

preoperative planning because it provides detailed infor-
mation about the anatomic limits and the most accurate 
assessment of the extent of the lesion [34, 36]. Contrast-
enhanced CT is also recommended. In our cases and the 
cases from the literature, CT and MRI demonstrated 
bony destruction and tumor spread, which aided in the 
differential diagnosis and enabled creation of an adequate 
treatment plan [24, 45]. Image findings such as outward 
growth from the condyle, various patterns of internal 
enhancement, and markedly hyperintense T2 signal areas 
were noted [12]. In our cases, an active lesion in the TMJ 
with no metastatic bone lesion was observed on PET-CT.

Biopsy was performed for diagnosis and pre-operative 
confirmation of chondrosarcoma. Biopsy of chondrosar-
coma is not recommended by some authors because of 
the risk of anaplastic transformation and diffusion during 
manipulation of the mass [54, 55]. Moreover, fine nee-
dle aspiration biopsy does not always provide a reliable 
diagnosis [6, 24, 36, 53]. Nonetheless, incisional biopsy 
is the best option for distinguishing among osteogenic 
sarcoma, pleomorphic adenoma, and chondroma [35]. 
Other authors recommend open biopsy as a definite 

Table 1 Reconstruction of the TMJ after chondrosarcoma ablation and surgical approaches to the facial nerve in our cases

House-Brackmann grading scale: IV moderately severe dysfunction, III moderate dysfunction, II mild dysfunction, I normal

R-plate reconstruction-plate, LD latissimus dorsi, SA serratus anterior
a Post-operative House-Brackmann grading scale was evaluated at least one year after the surgical procedure
b The R-plate fractured 23 months after the primary surgery and the mandible was reconstructed with a vascularized fibular free flap

Case Mandibular 
condyle 
reconstruction

Glenoid fossa 
reconstruction

Free flap for 
soft tissue 
reconstruction

Facial nerve 
approach

Resected or cut 
nerve area

Nerve repair 
method
(grafted nerve)

Post‑operative 
House‑Brackmann 
grade a

1 Vascularized costal 
bone

None LD & SA Segmental resec‑
tion

Frontal branch Nerve graft
(great auricular 
nerve)

No data

2 Condylar prosthe‑
sis and R‑plate

None LD Segmental resec‑
tion

Temporofacial 
trunk

Nerve graft
(thoracodorsal 
nerve)

IV

3 Condylar prosthe‑
sis and R‑plate

None SA Intentional cut Zygomatic branch End to end repair II

4 Condylar prosthe‑
sis and R‑plate

Fossa implant SA Intentional cut Temporofacial 
trunk,
Cervicofacial trunk

End to end repair III

5 Condylar prosthe‑
sis and R‑plate

Fossa implant LD Intentional cut Temporofacial 
trunk,
Cervicofacial trunk

End to end repair III

6 Condylar prosthe‑
sis and R‑plate b

None LD Retraction None None II

7 Ramal condylar 
implant

Fossa implant SA Retraction None None II

8 Ramal condylar 
implant

Fossa implant SA Retraction None None I

9 Ramal condylar 
implant

Fossa implant SA Intentional cut Temporofacial 
trunk

End to end repair Follow‑up loss

10 Condylar prosthe‑
sis and R‑plate

Fossa implant SA Retraction None None I
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means to achieve final diagnosis [45]. In our cases, aspi-
ration biopsy and core needle biopsy were ineffective. In 
case 5, aspiration biopsy failed, and the result of a sub-
sequent core needle biopsy under local anesthesia per-
formed 4  years later was a hyperplastic cartilage chip. 
However, an incisional biopsy under general anesthesia 
diagnosed chondrosarcoma 1  month after the previ-
ous biopsy. In case 7, the result of a core needle biopsy 

under local anesthesia was fibromuscular tissue with no 
diagnostic abnormalities. However, the result of an open 
biopsy performed 2 months later under general anesthe-
sia was chondrosarcoma. Core needle biopsy has been 
recognized as a dependable diagnostic technique for 
musculoskeletal tumors, exhibiting minimal associated 
complications [56, 57]. However, core needle biopsy was 
not conducted in previous cases of TMJ chondrosarcoma 
and yielded unsatisfactory results in cases 5 and 7 among 
our patients. Incorporation of ultrasound [58], CT [59], 
or computer-assisted navigation [60] alongside core nee-
dle biopsy might enhance its diagnostic capabilities for 
TMJ diseases.

Surgical management is the standard primary treat-
ment for chondrosarcoma [61–66]. Wide local resection 
was performed in all our cases. No significant cervi-
cal lymphadenopathy was observed in any cases. Selec-
tive neck dissection was performed only in case 1. No 
metastasis to regional lymph nodes was observed in the 
biopsy. This is consistent with previous studies, which 
concluded that neck node dissection is usually unneces-
sary because of the low incidence of regional lymph node 
metastasis [3, 65]. In our cases, the treatment protocol 
did not include neck dissection unless suspicious cervical 
lymph nodes were found. After successful tumor resec-
tion, facial appearance is an important outcome in the 
head and neck area. A vascularized free flap was used for 
reconstruction in our cases. In the literature, local flaps 
such as a temporal muscle flap [5, 35] or microvascular 
free flaps such as a fibular free flap [39, 46] have been 
used depending on the defect size and location. A ser-
ratus anterior free flap for relatively small defects and a 
latissimus dorsi free flap for relatively large defects were 
used in our cases. Costal bone was also harvested with 
the serratus anterior muscle for reconstruction of the 

Fig. 3 Surgical approaches to the facial nerve a (Case 2) Segmentally 
resected temporofacial trunk (arrowhead) and preserved cervicofacial 
trunk (arrow). b (Case 2) Retracted buccal branch (arrow) during mass 
resection. c (Case 2) Nerve graft using 10 cm length of thoracodorsal 
nerve for temporofacial trunk (arrow). d (Case 4) Temporofacial 
and cervicofacial trunks before intentional cut. e (Case 4) Intentionally 
cut temporofacial and cervicofacial trunks. f (Case 4) Temporofacial 
and cervicofacial trunks after end‑to‑end nerve repair

Fig. 4 Reconstruction of the mandibular condyle and glenoid fossa and surgical approach to the facial nerve (Case 7) a Facial nerve isolation 
and retraction during mass resection. b Preserved facial nerve after mass resection and reconstruction with a fossa implant and a metal condyle 
prosthesis. c Harvesting of the serratus anterior free flap with a vascular pedicle (the serratus branch of the thoracodorsal artery and the vena 
comitans). d Reconstruction with micro‑anastomosed serratus anterior free flap
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Fig. 5 Reconstruction of the mandibular condyle and glenoid fossa, post‑operative panoramic radiographs a (Case 1) The condyle 
was reconstructed with vascularized costal bone. b (Case 2) The condyle was reconstructed with a condylar prosthesis with a reconstruction 
plate. c (Case 3) The condyle was reconstructed with a condylar prosthesis with a reconstruction plate. d (Case 4) The condyle was reconstructed 
with a condylar prosthesis with a reconstruction plate and the glenoid fossa was reconstructed with a fossa implant. e (Case 5) The condyle 
was reconstructed with a condylar prosthesis with a reconstruction plate and the glenoid fossa was reconstructed with a fossa implant. f 
(Case 6) The condyle was reconstructed with a condylar prosthesis with a reconstruction plate. g (Case 6) The reconstruction plate fractured 
23 months after the primary surgery and the condylar and mandibular areas were reconstructed with a vascularized fibular free flap. h (Case 7) 
The condyle was reconstructed with a metal condyle prosthesis and the glenoid fossa was reconstructed with a fossa implant. i (Case 8) The 
condyle was reconstructed with a metal condyle prosthesis and the glenoid fossa was reconstructed with a fossa implant. j (Case 9) The condyle 
was reconstructed with a metal condyle prosthesis and the glenoid fossa was reconstructed with a fossa implant. k (Case 10) The condyle 
was reconstructed with a condylar prosthesis with a reconstruction plate and the glenoid fossa was reconstructed with a fossa implant

Fig. 6 Histopathologic images a H&E staining, × 100 (case 7, grade II). The lesion showed proliferation of tumor cells within the chondroid 
matrix with focal calcification. b H&E staining, × 200 (case 7, grade II) Atypical chondrocytes presented with increased cellularity, pleomorphism, 
multinucleation, and mitoses. c S‑100 protein, × 100 (case 3, grade II) immunohistochemistry showed diffuse positive expression of S‑100 protein. d 
Ki‑67, × 200 (case 4, grade II) immunohistochemistry showed 15–20% positive expression of Ki‑67
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mandibular condyle and ramus (case 1) or the zygomatic 
process of the maxilla (case 3).

Among the post-operative complications, facial nerve 
weakness was thought to be due to segmental resection 
or an intentional nerve cut when those approaches were 
used or due to irritation during the operation. Facial 
nerve function gradually recovered through rehabilita-
tion treatment such as physical therapy. With respect 
to post-operative facial nerve function, the HB grades 
were closest to normal in cases in which the nerve was 
not transected (Table 1). Patients were able to close their 
eyes completely in all cases except those involving seg-
mental resection. Prognosis was better in cases involv-
ing an intentional cut than in those involving segmental 
resection, and prognosis was also better when one of 
the five branches of the facial nerve was transected than 
when the temporofacial or cervicofacial trunk was tran-
sected. Although a conservative approach to the facial 
nerve yielded better recovery of nerve function, a radi-
cal approach might be required to completely resect the 
mass and prevent recurrence.

Because the patient in case 1 was only 19 years old, the 
mandibular condyle was reconstructed with vascularized 
costal bone instead of an artificial prosthesis. However, 
ankylosis of the TMJ occurred during follow up. Mouth 
opening improved after gap arthroplasty. Although a cos-
tochondral graft is a viable option with growth potential, 
recurrent ankylosis has been reported as a major prob-
lem [67, 68]. After ablative surgery, joint ankylosis has 
been reported when a vascularized fibular free flap is 
used to reconstruct the mandibular condyle [69]. When 
autogenous bone is being considered for condyle recon-
struction, the possibility of ankylosis should be consid-
ered. In the present study, condyles were reconstructed 
using a condylar prosthesis with no fossa reconstruction 
in 3 cases (cases 2, 3, and 6). In other studies involving 
metal condylar replacement alone, the condyle eroded 
into the glenoid fossa [70] or penetrated the middle cra-
nial fossa [71]. However, Marx et al. reported long-term 
stability of a metal condyle replacement without alloplas-
tic replacement of the glenoid fossa [18]. The condylar 
prostheses in the present study were maintained without 
severe complications. Because the forces imposed on the 
glenoid fossa by the condylar prosthesis can be reduced 
in ablative surgery cases, the condylar prostheses seemed 
to function in place. In case 6, the reconstruction plate 
fractured 23  months after the primary surgery [72] and 
was reconstructed with a vascularized fibular free flap. 
This might have occurred because the boundary of resec-
tion in that case was the widest of the 10 cases, leading to 
a mechanically unfavorable situation.

Chemotherapy was not performed in our cases 
because the consulting opinion from the department 

of hemato-oncology was that it would offer no ben-
efit because chondrosarcomas are poorly responsive 
to chemotherapy. In the literature, chemotherapy was 
reported to have a limited role in chondrosarcoma treat-
ment, but it can be used as an adjuvant therapy in cases 
with aggressive behavior, rapid local recurrence, or high-
grade chondrosarcoma [3, 33]. Obtaining adequate resec-
tion margins with chondrosarcoma arising in the TMJ 
is challenging because of the proximity to vital struc-
tures. Therefore, post-operative radiation therapy was 
performed in the 7 of our 10 cases that involved surgi-
cal resection margin or high-grade chondrosarcoma 
on pathology. Radiation therapy is recommended post-
operatively only for high-grade or incompletely resected 
chondrosarcomas [73–77]. A treatment protocol involv-
ing radical surgery with radiotherapy resulted in a bet-
ter prognosis in a recent study [65]. In the present cases 
series, post-operative radiation therapy was also thought 
to be beneficial because no local recurrence occurred 
in the 7 applicable patients. However, complications 
such as trismus, fibrosis, oral mucositis, and xerostomia 
were observed in those patients. Therefore, radiotherapy 
should be strictly applied for limited indications.

After the definitive surgeries, periodic follow-up with 
chest X-ray and enhanced CT is important. In case 6, 
which involved grade III chondrosarcoma, lung metasta-
sis was found on a chest X-ray 16 months after surgery. 
Additional imaging with chest CT and PET-CT revealed 
a right lower lobe mass and no other distant metasta-
ses. The patient underwent partial lobectomy and is now 
undergoing periodic follow-up. Strict observation is 
ongoing because the recurrence and metastasis occurred 
after a long period of follow-up [65]. No other distant 
metastases and no local recurrences were observed. 
Because of the possibility of primary site recurrence and 
lung metastasis, it is recommended that enhanced head 
and neck CTs and chest X-rays be obtained at intervals of 
3–6 months.

Histopathologically, chondrosarcoma of the TMJ 
appears similar to chondrosarcoma of the head and neck 
or of other regions of the body [33, 46]. In our study, 
microscopic examination of sections stained with hema-
toxylin–eosin showed atypical chondrocytes exhibiting 
increased cellularity, pleomorphism, multinucleation and 
mitoses. Chondrosarcomas demonstrate proliferation of 
tumor cells within the chondroid matrix with focal cal-
cification, as seen in Fig.  6. Chondrosarcoma is catego-
rized into three subtypes (grades I, II, and III) according 
to nuclear size, cellularity, and frequency of mitosis [13]. 
Low-grade (grade I) chondrosarcoma has occasional 
binucleated cells and can show atypical cells, which can 
also be binucleated. Intermediate-grade (grade II) chon-
drosarcoma presents with a higher cellular population 
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than grade I, with greater degree of nuclear atypia, hyper-
chromasia and nuclear size. The mitotic rate is low. High-
grade (grade III) chondrosarcoma has significant areas 
of marked pleomorphism; large cells with nuclei that 
are more hyperchromatic, denser, and larger in size than 
those in grade II chondrosarcoma; occasional giant cells; 
and abundant necrosis. The mitotic rate is higher than in 
grade II chondrosarcoma [13].

The clinical behavior of chondrosarcoma is linked to 
its histopathologic grade [7]. The 5-year survival rates for 
grades I, II, and III chondrosarcomas were 90%, 81%, and 
43% respectively. The 10-year survival rates were more 
variable, at 83%, 64%, and 29%, respectively. Metasta-
sis was not observed in grade I chondrosarcoma, but it 
did occur in 10% of grade II chondrosarcomas and 71% 
of grade III chondrosarcomas [13]. The most common 
cause of death in chondrosarcoma is recurrence, not 
metastasis [33].

In a recent cohort study, the recurrence rate of chon-
drosarcoma in all parts of the body was 19%, and the 
recurrence rate of chondrosarcoma in the head and neck 
was 5% [78]. In the extremities, 45.7%, 34.3%, and 20%, 
of chondrosarcomas were grades I, II, and III, respec-
tively. By grade, the recurrence rates of chondrosar-
coma of the extremities were 11% (grade I), 12% (grade 
II), and 17% (grade III). In chondrosarcoma of the TMJ, 
the recurrence rate is lower than in chondrosarcomas 
of other areas of the body because most cases are low-
grade, and relatively few cases with long-term follow-up 
have been reported. No definitive relationship has been 
found between histopathologic grade and local recur-
rence because such recurrence depends primarily on the 
adequacy of surgical therapy rather than tumor grade 
[47]. The most important factor in prognosis is surgical 
resectability [46, 66].

In our cases, immunohistochemical examination was 
carried out with antibodies against vimentin, S-100 pro-
tein, and Ki-67, for which most patients were positive 
(Fig.  6). Prior to this study, only 7 case reports of TMJ 
chondrosarcoma included immunostaining [7, 33, 34, 
36, 43, 53, 79]. Excluding 1 case [53] that was included in 
the present study (case 5), S-100 was expressed in 5–35% 
of chondrocytes [7, 33, 36], and Ki-67 was expressed in 
5–50% [33, 36, 43]. Immunohistochemical examination 
in the present study showed high expression of vimen-
tin in all cases, and diffuse expression of S-100. Ki-67 
was expressed in fewer than 5% of grade I chondrosar-
comas, 10–20% of grade II chondrosarcomas, and more 
than 25% of grade III chondrosarcomas. This result was 
consistent with those in previous studies. Future immu-
nohistochemical investigations of chondrosarcoma are 
necessary to achieve more accurate diagnoses.

This study is subject to limitations caused by the rar-
ity of TMJ chondrosarcoma, which results in an insuf-
ficient number of cases for a robust statistical analysis. 
Among the 43 cases in which tumor grade was specified, 
a mere 3 cases were classified as high grade. Recurrence 
was reported in only 4 cases. Furthermore, the scarcity 
of cases with long-term follow-up necessitates caution in 
interpretation. Among the 47 cases included in this anal-
ysis, 41 had specified follow-up periods. Of these, only 15 
cases were followed for more than 5 years. Notably, 1 case 
experienced recurrence 10  years post-surgery, although 
only 4 cases were observed for more than 10 years. Con-
sequently, it is imperative to exercise caution when inter-
preting the findings of this study.

Conclusions
To diagnose chondrosarcoma arising in the TMJ, it is 
recommended to conduct a radiographic assessment 
comprising MRI, contrast-enhanced CT, and PET-CT, 
followed by confirmation through histopathological anal-
ysis via open biopsy. In terms of treatment, a wide surgi-
cal resection is necessary while taking care to the preserve 
the facial nerve. A conservative approach to the facial 
nerve is advantageous for optimal recovery outcomes. 
Nevertheless, a radical approach can be imperative to 
achieve complete mass excision. Reliable reconstructive 
surgery can be accomplished using a metal condyle pros-
thesis in conjunction with a vascularized free flap. If the 
tumor involves the glenoid fossa of the temporal bone or 
the temporomandibular joint disc, reconstruction of the 
glenoid fossa with a fossa implant is necessary. However, 
in an oncological context, glenoid fossa reconstruction is 
deemed unnecessary if those structures are unaffected by 
the tumor. Post-operative radiation therapy is required in 
cases involving surgical resection margin or when dealing 
with high-grade chondrosarcoma.
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