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Introduction

The World Health Organization (WHO) subdivides
conventional osteosarcoma (OGS) into osteoblastic,
fibroblastic, and chondroblastic subtypes, depending
on the predominance of the tumor matrix,1–3 while the
tumor matrix of chondrosarcoma (CSA) is uniformly
and entirely chondroid in nature. Thus, tumors that
exhibit neoplastic bone-forming capabilities in addition

to cartilaginous differentiation should not be classified
as CSA, but are a chondroblastic subtype of OGS.1

Clinical outcome of OGS has dramatically improved
over the past decades,3,4 mostly due to response to pre-
operative chemotherapy. Surgery is the standard treat-
ment of CSA.5–7 Thus, correct pathologic preoperative
diagnosis is very important for management decisions.
Only when the essential tumor aspect of neoplastic bone
differentiation is biopsied can pathologists make the
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correct diagnosis of chondroblastic OGS. Otherwise,
a misdiagnosis of CSA might occur. Therefore, radiolo-
gists play a crucial role in biopsy planning. Under the
guidance of preoperative imaging, the accuracy of an
image-guided biopsy might be greatly improved.

Although the imaging features of conventional OGS
and CSA are well known, few studies have focused on
the imaging characteristics of chondroblastic OGS.3,8–10

Therefore, identification of the different and common
imaging features of chondroblastic OGS and CSA, re-
flecting pathohistologically different sarcomatous cells
and common hyaline cartilage components, was under-
taken in this study. Avoidance of the common features
during biopsy planning in patients with OGS will im-
prove biopsy accuracy and lead to differential treatment
strategies.

Methods

A retrospective review of the pathological database in
Taipei Veterans General Hospital was conducted from
February 2002 to January 2008, and included 14
patients with chondroblastic OGS and 29 with CSA.
After exclusion of 7 patients with extraskeletal CSA, 4
with chondroblastic OGS, and 12 CSA cases without
available preoperative radiographs or magnetic reso-
nance imaging (MRI), 10 chondroblastic OGS and
10 CSA (7 grade 2 tumors, 3 grade 3 tumors) patients
were included in this study. All images were evaluated
and met consensus by Dr Chang and Dr Yen, who have
10 and 2 years experience in the analysis of muscu-
loskeletal images, respectively.

Nine patients with chondroblastic OGS received a
combination of preoperative chemotherapy and sur-
gery, and 1 patient received chemotherapy only. All
10 CSA patients received surgery. All 10 patients with
chondroblastic OGS and 7 patients with CSA were
followed-up (mean duration of 1.9 years) regularly in
the outpatient department of Taipei Veterans General
Hospital. For patients with regular follow-up, local
tumor recurrence occurred in 1 chondroblastic OGS
and 3 CSA patients, distant metastasis occurred in 5
chondroblastic OGS and 1 CSA patients, and death
from the tumors occurred in 2 chondroblastic OGS
patients.

Tumor location in the skeleton (appendicular or
axial bones) and tumor distribution in a single bone (in
transverse and longitudinal planes) were documented.
In the transverse plane, lesions occurred in central
(close to the central axis of the bone) or peripheral (in
1 side of the central axis of the bone, still within the
medullary canal) locations. In the longitudinal plane,

lesions in tubular bone developed in the epiphysis,
metaphysis, and diaphysis.

Tumor morphology was evaluated for the pattern
of bone destruction and visible tumor matrix, and the
presence of aggressive or non-aggressive periosteal reac-
tion, endosteal scalloping, cortical expansion, cortical
penetration, and pathologic fracture by radiograph
analysis.

MRI analysis was performed using a GE Signa Excite
1.5T and HD 1.5T (GE Healthcare, Milwaukee, WI,
USA). Pre-intravenous gadolinium T1- and fat-saturated
T2-weighted images as well as post-intravenous gado-
linium T1- and fat-saturated T2-weighted images on
axial, coronal, or sagittal planes were analyzed. Further-
more, signal intensity changes, enhancement pattern,
and full extension of the tumor were evaluated. To
determine the pattern of signal intensity change, the
lobular structure with high signal intensity on T2-
weighted images indicated that the variable propor-
tion of the tumor showed uniform-sized small lobular
structures with homogeneous high signal intensity on
images of T2-weighted pulse sequences with or with-
out fat-saturation. Full tumor extension included the
presence of extraosseous extension with soft tissue mass,
epiphyseal involvement in tubular bone, articular in-
volvement, neurovascular invasion, and distant metas-
tasis at initial presentation.

The enhancement pattern was evaluated in post-
intravenous gadolinium fat-saturated T1-weighted
images. Peripheral rim and septal enhancement pat-
tern indicated a well-enhanced tumor margin and an
internal septum of uniformly thin thickness in variable
proportion to the tumor. Inhomogeneous enhancement
pattern described a global inhomogeneous enhance-
ment in the tumor. Finally, marginal enhancement pat-
tern indicated enhancement in the tumor margin of
variable thickness and lack of the lobular structure in
the peripheral rim and septal enhancement pattern.

The Mann-Whitney rank test for patient age and
mean tumor size, and Fisher’s exact test were used for
statistical evaluation. Statistical analyses were performed
using SPSS version 15.0 (SPSS Inc., Chicago, IL,
USA), and p value < 0.05 were considered statistically
significant.

Results

Patient ages were statistically different (p = 0.001) be-
tween chondroblastic OGS and CSA patients, ranging
from 10 to 55 years (mean, 24.7 years) in chondro-
blastic OGS patients and from 23 to 83 years (mean,
56.7 years) in CSA patients. The male-to-female ratio
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was 1.5 in chondroblastic OGS and 1 in CSA (p =
1.000). Tumor sizes ranged from 4.3 to 16.4cm (mean,
8.5 cm) in chondroblastic OGS patients, and from 3.3
to 17.0 cm (mean, 8.5 cm) in CSA patients (p = 0.611).

Tumors occurred around the knee in 7 chondro-
blastic OGS patients and in no CSA patients (p = 0.003;
Table 1). For tumors in the appendicular bone, tumors
originated from the metaphysis in 6 chondroblastic

Table 1. Tumor location

Chondroblastic OGS Chondrosarcoma 
p

(n = 10) (n = 10)

Tumor location in the skeleton
Appendicular:axial bone 8:2 3:7 0.070
Around the knee 7 0 0.003

Tumor distribution within a single bone (n = 8) (n = 3)
Transverse plane (central:peripheral) 5:5 8:2 0.350
Longitudinal plane in appendicular bone 6:2:0 1:1:1 0.039 
(metaphysis:diaphysis:epiphysis)

A B

C D E

Figure 1. An 18-year-old female patient with chondroblastic osteosarcoma in the left proximal tibia. (A) Anteroposterior radiography of
the left knee shows aggressive periosteal reaction, mainly laminated, and Codman’s triangle patterns. (B) Lateral radiography shows
visible tumor matrix, more in favor of the cartilage-forming pattern. (C) Axial magnetic resonance imaging on fat-saturated T2-weighted
imaging shows a lobular structure with high signal intensity. (D) Axial post-intravenous gadolinium fat-saturated T1-weighted imaging
shows peripheral rim and septal enhancement in the tumor. (E) Photomicrograph of the histological specimen shows sarcomatous
tumor cells that produced both osteoid and chondroid tumor matrices (hematoxylin & eosin; original magnification, 100×).
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OGS and 1 CSA patients and from the diaphysis in 2
chondroblastic OGS and 1 CSA patients. One CSA
patient had a tumor that arose in the epiphysis (p =
0.039). Tumor location around the knee and tumor
distribution in the longitudinal plane in the appendicu-
lar bone were statistically significantly different between
CSA and chondroblastic OGS patients (Table 1).

Visible tumor matrix was present in all 10 patients
with chondroblastic OGS, including 8 tumors with
the bone-forming pattern and 2 tumors that had both
bone- and cartilage-forming patterns (Figure 1B). Nine
CSA tumors contained a visible tumor matrix, includ-
ing cartilage-forming pattern in 7 tumors and atypical
radiodensity in 2 tumors. Both the presence and nature
of a visible tumor matrix were statistically significantly
different between chondroblastic OGS and CSA
patients (p < 0.001; Table 2).

Aggressive periosteal reaction (Figure 1A) was pres-
ent in 7 chondroblastic OGS, and the main pattern

was sunburst in 5 tumors followed by onion-peel in 1
tumor and Codman’s triangle in 1 tumor. The presence
of aggressive periosteal reaction was statistically sig-
nificantly different between chondroblastic OGS and
CSA patients (p = 0.008; Table 2). Non-aggressive peri-
osteal reaction was present in 1 CSA, which consisted
of a single layer of periosteal reaction. Other tumor
morphologies assessed in this study were not statisti-
cally significantly different between chondroblastic
OGS and CSA (Table 2).

Lobular structures with high signal intensity on
T2-weighted images, associated with peripheral rim
and septal enhancement pattern, were noted in 2
chondroblastic OGS (Figures 1C, 1D, 2A, 2B and 3)
and 10 CSA patients (Figures 4B and 4C) (p =
0.001). Inhomogeneous and marginal enhancement
patterns were noted in 6 and 2 chondroblastic OGS
and in no CSA patients, respectively. Finally, full tumor
extension as evaluated by MRI was not significantly

A B

Figure 2. An 11-year-old female patient with chondroblastic osteosarcoma in the right distal femur. (A) Axial magnetic resonance imag-
ing on fat-saturated T2-weighted imaging shows a lobular structure with high signal intensity. (B) Coronal post-intravenous gadolinium
fat-saturated T1-weighted imaging shows peripheral rim and septal enhancement in part of the tumor.

Table 2. Radiograph analysis of tumor morphology

Chondroblastic OGS Chondrosarcoma 
p

(n = 10) (n = 10)

Bone destruction pattern (geographic:moth-eaten:permeative) 0:7:3 0:10:0 0.211
Tumor matrix pattern (absence:bone-forming: 0:8:0:2:0 1:0:7:0:2 < 0.001
cartilage-forming:both:atypical)

Presence of endosteal scalloping 1 1 1.000
Presence of cortical expansion 3 3 1.000
Presence of cortical penetration 10 9 1.000
Presence of pathologic fracture 1 2 1.000
Periosteal reaction pattern (absence:aggressive:non-aggressive) 3:7:0 9:0:1 0.008
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different between chondroblastic OGS and CSA
patients (Table 3).

Discussion

Conventional OGS most frequently (70–80% of cases)
affects tubular bones in the appendicular skeleton, par-
ticularly osseous structures around the knee (50–75%
of cases).1–3 CSA occurs in the tubular bones in ap-
proximately 45% of cases, and in innominate bone in
approximately 25% of cases.1,2,5 Of the tubular bones,
the majority of conventional OGS (80–95%) and ap-
proximately half of CSA (49%) arises in the metaphysis,
and initial manifestation within the epiphysis is rare in
OGS (< 1%) and unusual in CSA (16%).2,3,5 Although
tumor distribution within the transverse plane is seldom

discussed in the literature, in this study, tumors occurred
more frequently in the central position in CSA and were
equally distributed in chondroblastic OGS, though not
statistically significant. In this study, only a few cases of
CSA occurred in tubular bone and may be due to lim-
ited case number. Finally, this study showed that tumor
location in the skeleton, around the knee, and in the
longitudinal plane in appendicular bone was helpful
in the differential diagnosis of chondroblastic OGS
and CSA.

Upon radiographic examination, the vast majority
(approximately 90%) of OGS demonstrated a variable
amount of fluffy and cloudy opacities, characteristic of
bone production. Most (approximately 60–79%) CSA
demonstrated a variable amount of stippled and fleck-
like calcification, characteristic of cartilage production.
Conventional tomography (CT) may be required for the
detection of cartilage-forming tumor matrix.1–3,5 This
study also revealed that chondroblastic OGS typically
possess tumor matrices characteristic of bone-forming,
and some possibly also contained a cartilage-forming
matrix. The coexistence of these 2 tumor matrices indi-
cates the presence of chondroblastic OGS. Thus, the
presence and pattern of visible tumor matrix may pro-
vide a useful clue for the differential diagnosis of chon-
droblastic OGS and CSA.

The host response to aggressive periosteal reaction
occurs in 80–90% of OGS, and may be seen in CSA.1–3,5

Although frequently mixed, the periosteal reaction
contained a primarily sunburst appearance, followed by
onion-peel and Codman’s triangle patterns in OGS.1–3,5

This study, along with those previously published indi-
cates that the presence of aggressive periosteal reaction
is suggestive of OGS, including the chondroblastic
subtype.1–3,5

The radiographic pattern of bone destruction is indic-
ative of the aggressiveness of the lesion. The geographic

Figure 3. A 23-year-old female patient with chondroblastic
osteosarcoma in the left iliac bone. Fat-saturated T2-weighted
magnetic resonance imaging reveals a large tumor with a lobular
structure and high signal intensity (arrows) as well as tumor inva-
sion of the sacroiliac joint (arrowheads).

A B C

Figure 4. A 23-year-old male patient with chondrosarcoma in the left iliac wing. (A) Oblique pelvic radiography reveals a cartilage-forming
tumor matrix. (B) Axial fat-saturated T2-weighted magnetic resonance imaging shows a large tumor with a lobular structure and high signal
intensity. (C) Axial post-intravenous gadolinium fat-saturated T1-weighted imaging shows peripheral rim and septal enhancement of the tumor.
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pattern was the least aggressive, while the permeative
pattern was the most aggressive. Both chondroblastic
OGS and CSA showed a more aggressive bone destruc-
tion pattern in our study, which was not helpful in their
differential diagnosis.

In conventional OGS, inhomogeneous enhance-
ment of the tumor is usually evident.2,3 Marginal en-
hancement is often associated with central necrosis of
the tumor. The lobular structure with high signal inten-
sity on T2-weighted images, the peripheral rim and
septal enhancement pattern, imaging features typical
in all hyaline cartilage neoplasm, are seen in 78% of
long bone CSA,5 and might be seen focally or diffusely
in some chondroblastic OGS in this study. Geirnaerdt
et al reported a much higher incidence of septonodu-
lar enhancement in 78% (7/9) and peripheral rim and
septal enhancement pattern in 22% (2/9) of chon-
droblastic OGS, probably because they compared MRI
findings with histopathologic findings, and even the
presence of these enhancement patterns in only a
minority of tumors would be recorded.10

MRI is crucial in the evaluation of intra- and extra-
osseous extension of a tumor. Of particular impor-
tance for the therapy plan (limb-sparing procedure) 
is the relationship between the soft tissue extension
and the neurovascular bundles.1–4 However, this study
showed that tumor extension in MRI was not useful
for the differential diagnosis of chondroblastic OGS
and CSA.

Most of the patients with conventional OGS were
in their 2nd and 3rd decades of life, and some were
≥ 50 years of age.1–3 However, the majority of patients
with CSA were ≥ 50 years old.1,2,5 Because the chon-
droblastic OGS patients were much younger than the
CSA patients, age may be helpful in their differential
diagnosis.

The absence of histopathologic correlation with
the imaging features suggestive of abundant hyaline

cartilage in chondroblastic OGS represents a limitation
of this study. The categorization of tumor matrix into
bone- or cartilage-forming was equivocal when the
tumor matrix was small and faint, and the presence of
peripheral rim and septal enhancement pattern was
equivocal when present in only a minority of the tumor.
Thus, the pattern of periosteal reaction of chondro-
blastic OGS was frequently mixed, and choosing the
major pattern subjectively may be inadequate.

In conclusion, the presence of a visible bone-forming
tumor matrix as well as aggressive periosteal reaction,
younger patient age, and tumor occurrence in the meta-
physis of the appendicular bone and around the knee
were more in favor of chondroblastic OGS. Some chon-
droblastic OGS showed imaging features reflecting
pathohistologically abundant hyaline cartilage compo-
nents, including the coexistence of bone- and cartilage-
forming tumor matrix on radiographs, presence of
lobular structure of high signal intensity on T2-weighted
images, and peripheral rim and septal enhancement pat-
tern on MRI. Avoiding tumor areas with those imag-
ing features in chondroblastic OGS might improve
the biopsy accuracy.
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