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Abstract Objective: To describe the
radiographic features of clear cell
chondrosarcoma (CCCS), including
the computed tomographic (CT) and
magnetic resonance (MR) findings,
and to correlate them with the histo-
pathologic findings. Design and
patients: A retrospective review was
carried out of 72 patients with histo-
pathologically confirmed CCCS.
Imaging studies were available for
34 patients: conventional radiographs
(n=28), CT scans (n=14), and MR
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Clear cell chondrosarcoma:

radiographic, computed tomographic,
and magnetic resonance findings

in 34 patients with pathologic correlation

images (n=15). Radiographic studies
were reviewed by three radiologists
who rendered a consensus opinion;
the studies were correlated with the
histopathologic findings. Results:
Of the 34 patients with imaging
studies, 30 were male and 4 were
female (mean age 38.6 years; range
11-74 years). Twenty-two lesions
were in long bones (15, proximal
femur; 1, distal femur; 1, proximal
tibia; 5, proximal humerus) and 11
were in flat bones (5, vertebra; 4, rib;
1, scapula; 1, innominate). One lesion
occurred in the tarsal navicular bone.
Typically, long bone lesions were
located in the epimetaphysis (19/22)
and were lucent with a well-defined
sclerotic margin and no cortical de-
struction or periosteal new bone for-
mation. More than one-third of the
long bone lesions contained matrix
mineralization with a characteristic
chondroid appearance. Pathologic
fractures were present in six long
bone lesions (4, humerus; 2, femur).
Lesions in the proximal humerus
were more likely to have indistinct
margins (4/5) and extend into the
diaphysis. Flat bone lesions were
typically lytic and expansile and
occasionally demonstrated areas of
cortical disruption. Typically, matrix
mineralization, when present, was
amorphous. MR imaging, when
available, was superior to conven-
tional radiographs for demonstrating
the intramedullary extent of a lesion
as well as soft tissue extension. CT

images better delineated the presence
of cortical destruction and the char-
acter of matrix mineralization pat-
terns. CCCS lesions were typically
low signal intensity on T1-weighted
images and moderately or signifi-
cantly bright on T2-weighted images.
Areas of lesion heterogeneity on T1-
and T2-weighted images and on
post-gadolinium T1-weighted images
corresponded pathologically to areas
of mineralization, intralesional hem-
orrhage, and cystic changes. Adja-
cent bone marrow edema was typi-
cally absent (12/15) or only mini-
mally observed in a few cases (3/15).
No cases examined with MR imag-
ing demonstrated periosteal new
bone formation. Conclusions: CCCS
typically presents radiographically as
a geographic lytic lesion located in
the epimetaphyseal region of long
bones. Most commonly lesions are
found in the proximal femur, fol-
lowed by the proximal humerus.
Lesions within the proximal humerus
may exhibit more aggressive fea-
tures. Lesions in the axial skeleton
are typically expansile and destruc-
tive, often with soft tissue extension
and lack of mineralization. MR im-
aging may show the presence or ab-
sence of bone marrow edema.
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Introduction

Clear cell chondrosarcoma (CCCS) is a distinct variant
of chondrosarcoma of low-grade malignancy that was
first described in 1976 by Unni et al. [1]. Histologically
it is characterized by tumor cells with abundant clear
cytoplasm arranged in a lobulated growth pattern. Unlike
conventional chondrosarcoma, CCCS has a strong ten-
dency to arise in the epiphyses of long tubular bones,
especially the proximal femur. Radiographically, CCCS
frequently resembles the more common benign chondro-
blastoma or giant cell tumor. Although CCCS is slowly
progressive, distant metastases have been reported [1, 2,
3, 4]. Rarely, CCCS may undergo dedifferentiation, re-
sulting in a poor clinical prognosis [5]. Because recur-
rence is frequent when CCCS is treated conservatively
with simple excision and curettage, more aggressive
treatment such as en bloc resection is required [2]. For
this reason, it is important to make a radiographic dis-
tinction between CCCS and benign epiphyseal lesions,
such as chondroblastoma or giant cell tumor. Conven-
tional radiographic findings of CCCS have been previ-
ously described [1, 2, 6]. However, the value of comput-
ed tomography (CT) and magnetic resonance (MR) fea-
tures in the imaging diagnosis of CCCS has not been
fully discussed. Our series is the largest that includes CT
and MR images. The purpose of our study was to
describe the imaging features of CCCS, including CT
and MR findings, and to correlate them with the histo-
pathologic findings.

Patients and methods

A review of our institution’s pathologic records and consultation
files from 1990 to 2000 identified 74 patients with pathologically
confirmed CCCS. Two cases of dedifferentiated CCCS were
excluded. Imaging studies were available for 34 patients in our
study. These 34 patients (30 males, 4 females; mean age
38.6 years, range 11-74 years) constituted our study population.

The available imaging studies included conventional radio-
graphs for 28 patients, CT images for 14 patients, and MR images
for 15 patients. Because the MR images were performed at several
institutions, techniques varied considerably. All studies included
conventional spin-echo T1-weighted images (n=15). Various T2-
weighted image sequences were used, including conventional
spin-echo (n=4), fast spin-echo (n=6), and gradient-recalled echo
(n=2). In three cases, inversion recovery sequences were used in
place of T2 sequences (short tau inversion recovery=1; fast-spin
echo inversion recovery=2). Contrast-enhanced T1-weighted im-
ages were available for seven patients.

The radiographic images were retrospectively reviewed by
three radiologists who collectively rendered a consensus interpre-
tation. The imaging features of the tumor that were evaluated
included location, growth pattern and character, margination,
presence of a sclerotic rim, bony expansion, periosteal new bone
formation, cortical thinning, cortical destruction, presence and
character of mineralization, pathologic fracture, and soft tissue
extension. MR images were reviewed for T1 and T2 signal charac-
teristics of the lesions. In addition, lesion homogeneity or hetero-
geneity and post-enhancement patterns were evaluated. The intra-

medullary extent of the lesion, the presence of soft tissue exten-
sion, and the presence or absence of adjacent bone marrow edema
were also assessed. The location of the lesion was arbitrarily des-
ignated as epiphyseal, metaphyseal or diaphyseal relative to the
open physis in skeletally immature patients and the physeal scar in
skeletally mature patients. Lesions which involved both the epiph-
ysis and metaphysis were described as being “epimetaphyseal” in
location.

Hematoxylin and eosin-stained microscopic sections from each
of the 34 tumors were reviewed. The histologic features evaluated
included amount of bone production, presence or absence of hya-
line cartilage, cystic change (i.e., aneurysmal bone cyst-like fea-
tures), and hemorrhage. The microscopic slides were reviewed
without knowledge of the location and imaging findings of each
lesion. The date of the radiographic images and pathologic speci-
mens was compared for each lesion.

Results
Radiography

Conventional radiographs were available in 28 of the 34
patients with imaging studies. Twenty-two lesions were
located in long bones, including the proximal femur
(n=15), proximal humerus (n=5), distal femur (n=1), and
proximal tibia (n=1). Other locations included vertebra
(n=5), rib (n=4), scapula (n=1), posterior iliac wing
(n=1), and tarsal navicular bone (n=1). Among the four
cases occurring in ribs, three lesions were located adja-
cent to the costochondral junction, and one lesion oc-
curred in the proximal end near the costovertebral joint.
Among the five vertebral lesions, three occurred in the
posterior elements of the thoracic spine and two occurred
in the body of the lumbar and cervical spine. One of
these two lesions also extended into the posterior ele-
ments.

Conventional radiographs were available for all 22
cases involving the long bones. All lesions presented as
a geographic osteolytic area. The lesions were located in
the epiphysis (n=3) or epimetaphysis (n=19) (Fig. 1A).
Four humeral lesions demonstrated bone expansion and
diaphyseal extension (Fig. 2A). Two of these four lesions
showed poor margination with permeative lucency at the
distal extent. Nine femoral lesions demonstrated well-de-
fined margins entirely. Nine lesions located in the proxi-
mal femur (n=6) and proximal humerus (n = 3) (Fig. 3A)
displayed indistinct distal margins. Thirteen lesions were
accompanied by a sclerotic rim (Fig. 1A). Pathologic
fracture was seen in four humeral lesions (Fig. 2) and
two femoral lesions. One of these two was associated
with segmental collapse of the articular surface, closely
resembling avascular necrosis.

Among the cases not involving long bones, one
lesion in the tarsal navicular bone showed a geographic
osteolytic pattern with a well-defined margin. Lesions
located within the vertebrae, ribs, and scapula were
typically lytic and expansile with poorly defined mar-
gins.
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Fig. 1A-E Clear cell chondrosarcoma in the proximal femur of a
47-year-old male patient. A Anteroposterior radiograph demon-
strates a well-marginated osteolytic lesion in the epimetaphysis of
the right hip. B Axial T1-weighted magnetic resonance (MR) im-
age shows a well-defined lesion with low signal intensity. C Axial
T2-weighted MR image demonstrates increased signal intensity
within the lesion with focal areas of brighter internal signal inten-
sity (arrow) which correspond to internal cystic areas. D Coronal
post-contrast T1-weighted MR image shows diffuse lesion en-
hancement other than the areas of focal cystic change (arrow).
E Gross pathologic specimen demonstrates focal areas of second-
ary aneurysmal bone cyst formation, which correspond to the
cystic areas seen on MR images

In all cases, periosteal new bone formation was ab-
sent. Mineralization was seen in 13 lesions. In eight
cases, the character of the mineralization was punctate,
with a typical chondroid appearance (Fig. 4A). In five
cases, mineralization was more amorphous and not obvi-
ously chondroid in nature (Fig. 2A).

G

CT findings

In 10 cases, both conventional radiographs and CT imag-
es were available. Matrix mineralization was demon-
strated in six of the cases, in four of which the character
of the mineral was better displayed on CT images than
on conventional radiographs (Fig. 4). Tumor extension
into the soft tissue was clearly recognized on CT in two
vertebral lesions (Fig. 5) and one scapular lesion
(Fig. 6B). Only CT images were available for two rib
lesions, which appeared as well-marginated, expansile
lytic lesions.

MR findings

Fifteen of the study cases included MR images. On T1-
weighted sequences, the lesions were low signal inten-
sity in the majority of cases (n=13) (Fig. 1B). Two le-
sions contained focal central areas of bright T1 signal in-
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Fig. 2A-C Clear cell chondro-
sarcoma in the proximal hu-
merus of a 37-year-old female
patient. A Anteroposterior
radiograph demonstrates an
expansile osteolytic lesion with
a geographic pattern. The distal
margin is indistinct, and there
is an associated pathologic
fracture (arrows). Amorphous
matrix mineralization is pres-
ent. B Coronal T1-weighted
magnetic resonance (MR) im-
age more clearly demonstrates
the intramedullary extent of the
lesion, which extends to the
proximal diaphysis. Scattered,
punctate areas of decreased
signal intensity are consistent
with mineralization. C Coronal
T2-weighted MR image dem-
onstrates heterogeneous bright
intralesional signal. There are
some areas of increase T2 sig-
nal in the overlying soft tissues
consistent with perifractural
hemorrhage and edema

tensity due to intralesional hemorrhage. Typically, lesion
heterogeneity was due to scattered areas of decreased T1
signal intensity corresponding to matrix mineralization
seen on conventional radiographs. On T2-weighted and
short tau inversion recovery images, lesions were high
signal intensity. Two lesions were homogeneously
bright. The remaining lesions were heterogeneously
bright on the T2-weighted images. Focal areas of bright-
er T2 signal often occurred in intralesional cystic areas
(n=7) (Fig. 1C), some of which had a multilocular
appearance (n=2) or fluid-fluid levels (n=2). Scattered
areas of decreased T1 and T2 signal intensity correlated
with matrix mineralization (n=4) (Figs. 2B, 3B). In-
creased T2 signal intensity of adjacent bone marrow was
minimally observed in three cases. One case demonstrat-
ed increased T2 signal in the adjacent soft tissues due to
perifractural hemorrhage and edema (Fig. 2C). Other-
wise, the adjacent soft tissues were normal in appear-
ance. Postcontrast T1-weighted images, available for
seven cases, showed either a diffuse (n=1) or hetero-
geneous (n=6) pattern of enhancement. The heterogene-

ous appearance was due to the presence of unenhanced
areas (Fig. 3C) that corresponded to areas of either min-
eralization (n=2) (Fig. 3C) or cystic change (n=4)
(Fig. 1C).

In 12 cases with both MR images and conventional
radiographs available, MR more clearly delineated the
intramedullary extent of the lesion, including seven
cases that had indistinct margins on the conventional
radiographs (Fig. 2B). Only MR images were available
for three cases, occurring in vertebrae (n=2) and an iliac
wing (n=1). In both vertebral lesions, soft tissue exten-
sion was demonstrated on MR images.

Histologic findings

The diagnosis of clear cell chondrosarcoma was con-
firmed in all 34 cases. All lesions were characterized by
the presence of clear cells with characteristic round nu-
clei. In 22 lesions occurring in long bones, bone forma-
tion was abundant (n=17) or moderate (n=2). Hyaline
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Fig. 3A-C Clear cell chondro-
sarcoma in the proximal
humerus of a 28-year-old male
patient. A Anteroposterior
radiograph shows a well-
marginated osteolytic epiphy-
seal lesion with typical chon-
droid type mineralization.

B Coronal T2-weighted MR
image demonstrates heteroge-
neously bright signal intensity
throughout the lesion with
focal areas of decreased signal
intensity corresponding to
matrix mineralization (arrow).
C Coronal post-gadolinium
T1-weighted MR image shows
heterogeneous lesion enhance-
ment with scattered unen-
hanced foci also corresponding
to areas of punctate mineraliza-
tion (arrow)

Fig. 4A, B Clear cell chondro-
sarcoma in the proximal femur
of a 31-year-old male patient.
A Anteroposterior radiograph
of the right hip demonstrates a
partially well-defined osteolytic
lesion with punctate mineral-
ization with typical chondroid
appearance. B Axial CT images
more clearly demonstrate the
chondroid character of mineral-
ization and the intramedullary
extent of the lesion
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Fig. 5 Clear cell chondrosarcoma in the first thoracic vertebra of
a 35-year-old male patient. Axial CT images demonstrate a lytic
expansile mass arising from the posterior elements. There is corti-
cal destruction with soft tissue extension (arrows). The mass is
partially mineralized. Osteoblastoma could also have this appear-
ance

cartilage was abundant (n=13), moderate (n=3), or ab-
sent or minimal (n=6). In the five vertebral lesions and
the single iliac lesion, bone formation and a cartilaginous
component were absent or minimal. The remaining tu-
mors occurring in other sites contained abundant bone
formation and cartilage. Cystic changes due to secondary
aneurysmal bone cyst formation were seen in four
lesions. Three lesions contained prominent areas of
intralesional hemorrhage.

Comparison of imaging and histologic findings

In all 13 lesions with radiographically apparent mineral,
the presence of abundant osteoid and woven bone forma-
tion was microscopically confirmed. Histologic evidence
of an abundant cartilaginous component was confirmed
in eight lesions with typical chondroid mineralization
seen on conventional radiographs. However, eight le-
sions without radiographically discernible mineralization
contained abundant bone formation. In three lesions with
bright MR T2 signal intensity with microcystic appear-
ance and five lesions with focal areas of bright intensity
on T2-weighted images, focal aneurysmal bone cyst
changes (n=5) or prominent areas of hemorrhage (n=3)
were histologically identified. In three other lesions with
heterogeneous high signal intensity on T2-weighted MR
images, chondroid matrix was abundant histologically.
In one lesion with slightly increased signal intensity on
T2-weighted images, the amount of hyaline cartilage was
less prominent.

Fig. 6A, B Clear cell chondrosarcoma in the left scapula of a
26-year-old male patient. A Anteroposterior radiograph demon-
strates a partially mineralized, poorly defined, expansile, lytic
mass arising from the upper scapula. B Axial CT images better
define the lesion and demonstrate some cortical disruption with
soft tissue extension (arrow)

Discussion

CCCS is a low-grade malignancy, accounting for ap-
proximately 2% of all chondrosarcomas. Unlike conven-
tional chondrosarcoma, CCCS commonly involves the
epiphysis and epimetaphysis of long bones. The proxi-
mal femur is the most frequent site of involvement
(68%), followed by the proximal humerus (23%). Al-
though CCCS occurs in patients of various ages, it usual-
ly occurs in the third, fourth, or fifth decade [2]. The age
distribution in our series is in agreement with previous
reports. The peak age of occurrence is older than that for
patients with chondroblastoma. Unlike other cartilage
tumors, CCCS has shown a definite male predilection
(34/47) [2]. This predilection was even more prominent
in our series (29/34).
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Fig.7 A Irregular trabeculae of woven bone scattered throughout
sheets of tumor cells in this clear cell chondrosarcoma involving
the proximal humerus. B Higher magnification shows cells with
abundant clear or faintly granular cytoplasm and central round
nuclei containing prominent nucleoli

Microscopically, CCCS is characterized by the pres-
ence of cells with clear or granular cytoplasm and a lob-
ulated architecture [1]. Nuclei are round and located cen-
trally within the lucent cytoplasm (Fig. 7A, B). CCCS
contains variable amounts of hyaline cartilage, osteoid
production, and focal cystic changes such as aneurysmal
bone cyst formation, which makes the histologic features
of CCCS rather heterogeneous. About 50% of the tumors
contain nodules of conventional chondrosarcoma (Fig. 8)
[1,2].

Radiographically, the majority of lesions in long
bones are located in the epimetaphysis. Rarely, diaphyse-
al extension is seen. On conventional radiographs, CCCS
typically appears as a well-marginated radiolucent area
with distinct sclerotic borders. However, indistinct mar-
gins may be seen distally. Lesions in the proximal hu-
merus in our series appeared to be more aggressive than
other long bone lesions. Frequently, the humeral lesions
exhibited diaphyseal extension, bone expansion, indis-

Fig. 8 Clear cell chondrosarcoma containing an area of conven-
tional chondrosarcoma and a few multinucleated giant cells

tinct margination, and pathologic fracture. Mineraliza-
tion was seen in about one-third of our cases. Unlike
findings in previous reports, in our series, typical chon-
droid mineral was commonly seen [2, 6]. Soft tissue ex-
tension is unusual in lesions located in long bones.

Although CT findings did not differ significantly
from those demonstrated on conventional radiographs,
CT was more effective in detecting and characterizing
the pattern of mineralization and cortical destruction.
Recognition of chondroid mineralization is important in
making the correct diagnosis. Lesions occurring in flat
bones or vertebrae are commonly associated with corti-
cal destruction and soft tissue extension [2, 7]. In these
cases, CT is superior to conventional radiographs in dis-
playing these findings.

MR imaging was also helpful in demonstrating the
intramedullary extent of the lesion, its internal architec-
ture, soft tissue extension, and signal changes in sur-
rounding bone marrow. Signal characteristics of CCCS
on MR images have not been fully discussed. Cohen et
al. [8] reported a case of CCCS that demonstrated slight-
ly increased T2 signal intensity, stressing that the signal
intensity was less than that of conventional chondrosar-
coma. Fobben et al. [9] reported a case of CCCS with
high signal intensity on long TR and short TE images. In
our series, the majority of cases showed heterogeneous
bright signal intensity on T2-weighted images. One of
the reasons for the heterogeneous appearances was min-
eralization, which exhibited distinctly low signal intensi-
ty on all MR sequences. Focal areas of brighter signal in-
tensity on T2-weighted images corresponded pathologi-
cally to hyaline cartilage, focal cystic changes, or hemor-
rhage.

When CCCS occurs in long bones, the more common
benign lesions involving the epiphysis, such as giant cell
tumor or chondroblastoma, are the main diagnostic con-
siderations. Chondroblastoma usually occurs in younger
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patients and is located completely within the epiphysis
with distinct sclerotic margins. CCCS lesions occur in
older patients and are typically larger than chondroblas-
toma and involve the epiphysis and metaphysis with
occasional diaphyseal extension. The aggressive features
in the humeral lesions of CCCS demonstrated in our
series, including bone expansion, poor margination, and
diaphyseal extension, are unusual in cases of chondro-
blastoma. However, in some cases, distinguishing be-
tween CCCS and chondroblastoma on conventional ra-
diographs can be difficult. On MR T2-weighted images,
giant cell tumor and chondroblastoma usually exhibit
low to intermediate signal intensity [10, 11, 12]. These
findings could be useful in distinguishing chondroblasto-
ma from CCCS. However, chondroblastoma and giant
cell tumor can exhibit heterogeneous bright signal inten-
sity on T2-weighted images, because of the presence of
focal cystic changes, similar to CCCS. For this reason, a
specific diagnosis of CCCS based solely on MR signal
characteristics can be difficult, as is often the case with
most primary bone tumors.. Prominent bone marrow
edema, often seen with chondroblastoma, is rarely seen
with CCCS; when present, it is minimal. Occasionally,
lesions in the proximal femur can simulate avascular ne-
crosis. However, avascular necrosis often exhibits dis-
tinct MR features, such as a dark linear margin on T1-
weighted images and a “double line sign” on T2-weight-
ed sequences [13].

Radiographic diagnostic considerations in lesions oc-
curring in sites other than the long bones include osteo-
blastoma, aneurysmal bone cyst, fibrous dysplasia, con-
ventional chondrosarcoma, metastases, and myeloma.

Because both CCCS and conventional chondrosarcoma
may contain matrix mineralization, distinguishing be-
tween them may be difficult. However, the distinction
has little clinical significance because treatment is not
significantly altered. If matrix mineralization is not pres-
ent, radiographic findings may not allow a specific diag-
nosis of CCCS.

In conclusion, CCCS typically appears as a geograph-
ic osteolytic lesion located within the epiphyseal-meta-
physeal region of long bones, usually in the third decade
of life and beyond. CCCS is most frequently located in
the proximal femur, followed by the proximal humerus.
Lesions in the proximal humerus may exhibit more ag-
gressive features than lesions in other long bones. This
feature has not been previously noted. More than one-
third of long bone lesions contain matrix mineralization
that is usually typical chondroid. Lesions in the vertebrae
or flat bones appear destructive or expansile, and they
typically exhibit soft tissue extension and lack radio-
graphic evidence of matrix mineralization. CT and MR
imaging are superior to conventional radiographs in
demonstrating the intramedullary extent of the lesion,
cortex disruption, and soft tissue extension. CT is superi-
or for demonstrating not only these findings but also the
character of mineralization. MR images typically dem-
onstrate heterogeneous internal architecture, reflecting
pathologic characteristics, with the presence or absence
of surrounding bone marrow edema. The age of the pa-
tient, the lack of bone marrow edema, and the imaging
characteristics described ought to permit separation of
the relatively rare CCCS from the more common chon-
droblastoma.
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