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MRI findings in parosteal osteosarcoma: 
correlation with histopathology

Fuldem Yıldırım Dönmez, Ümit Tüzün, Ceyla Başaran, Mehtap Tunacı, Bilge Bilgiç, 
Gülden Acunaş

P arosteal osteosarcoma is an uncommon variant of osteosarcoma, 
arising from the juxtacortical areas of the long bones (1). Parosteal 
osteosarcoma is the least malignant of the osteogenic tumors, and 

typically carries a relatively good prognosis. Often, it is curable if the 
neoplasm is detected when there is not significant extension into the 
medullary cavity (2). It is generally a low-grade tumor; however, it may 
occasionally dedifferentiate into high-grade sarcoma, which has a sig-
nificantly worse prognosis, similar to that of patients with conventional 
osteosarcoma (3). Therefore histologic grade is the most important fac-
tor in predicting the clinical behaviour of parosteal osteosarcoma.

Radiologically, parosteal osteosarcoma usually presents as a lobulated, 
dense bony mass, with a radiolucent line that appears to separate the 
dense bony mass of the tumor from the bone cortex (4). Computed to-
mography (CT) accurately defines the extent of the tumor for surgical 
planning, however it does not always reveal the presence of medullary 
invasion (5). Magnetic resonance imaging (MRI) is clearly superior to 
other imaging methods for early detection of bone marrow involvement 
(2). Jelinek et al. described the features on CT and MRI to predict the 
histologic grade in their study, which concluded that a poorly defined 
soft tissue component distinct from the ossified matrix is the most diag-
nostic feature of high-grade parosteal osteosarcoma (6).

In this study, we report our own observations in 12 patients with paro-
steal osteosarcoma, and assess the role of MRI, particularly the role of 
signal intensity changes, in predicting the histologic grade and dediffer-
entiation of parosteal osteosarcoma. In addition, we evaluate with MRI 
other factors that may affect grading, and investigate how MRI can be 
useful for patients with parosteal osteosarcoma.

Materials and methods
MRI studies were reviewed on 12 patients (2 males and 10 females) 

who had histologically proven parosteal osteosarcoma and were admit-
ted to our orthopedic oncology center between 1990 and 2005. 

The patients ranged in age from 17 to 54 years (mean age, 33 years). 
The locations of the tumors were the distal end (n = 8) and proximal end 
(n = 2) of the femur, and the proximal end of the humerus (n = 1) and 
tibia (n = 1).   

Ten patients were admitted to the hospital with a palpable mass. Of 
the other two patients, one presented with swelling, and the other, with 
knee pain. Duration of symptoms ranged from 1 month to 3 years. No 
patient had a prior history of trauma. All tumors were widely resected on 
the 12th to the 23rd day (mean, 14 days) after MRI.

MRI studies were performed with dedicated extremity coils utilizing 1-
1.5 T scanners (Siemens Magnetom™ and Siemens Symphony, Siemens 
Medical Systems, Erlangen, Germany). Imaging protocols included T1-
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PURPOSE
To assess the role of magnetic resonance imaging 
(MRI), particularly signal intensity changes, in pre-
dicting the dedifferentiation of parosteal osteosar-
coma, and to evaluate other factors that may affect 
grading on MRI.

MATERIALS AND METHODS
MRI of 12 patients with parosteal osteosarcoma di-
agnosed on plain radiography were reviewed with 
regard to size, location, extent, soft tissue compo-
nent, intramedullary invasion, and signal characteris-
tics. The findings are correlated with histopathologic 
results.

RESULTS
By histopathological examination there were 6 Grade 
I, 3 Grade II, and 3 Grade III tumors. Average size 
was 11 cm. All cases had a soft tissue component. 
Intramedullary extension was evident in 3/6 of the 
Grade I cases, 2/3 of the Grade II cases, and all (3/3) 
of the Grade III cases. T1-weighted images revealed 
lesions of marked hypointensity. Signal intensity on 
T2-weighted images varied with the presence of 
necrosis and hemorrhage in relation to size, regard-
less of the grade of the tumor. Contrast-enhanced 
images revealed enhancement of the solid compo-
nents; no enhancement was observed in the necrotic 
or hemorrhagic parts.

CONCLUSION
High and heterogeneous signal on T2-weighted im-
ages of Grade I, II, and III tumors is not specific for 
the dedifferentiated component, due to hemorrhage 
and necrosis in large masses. Therefore, high signal 
intensity on T2-weighted images is not always a re-
liable way to predict the grade of the tumor. Con-
trast enhanced T1-weighted images can be valuable 
to show the solid component in the heterogeneous 
areas on T2-weighted images, and can be useful in 
guiding the biopsy.
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weighted spin echo (TR/TE, 515–650/
10–16 ms) with and without IV gado-
linium (Magnevist, Schering, Berlin, 
Germany) (in 6 patients), T2-weighted 
spin echo (TR/TE, 3800–5000/80–120 
ms) with or without fat saturation in at 
least two orthogonal planes.

MR images were analyzed by two 
musculoskeletal radiologists who had 
full knowledge of the pathology re-
sults, and final interpretation was es-
tablished by consensus. MRI features 
that were analyzed included the bones 
involved, location, size, shape, and 
margins of the tumor, as well as signal 
characteristics on T1-weighted and T2-
weighted sequences, presence of cleav-
age plane, soft tissue component, and 
intramedullary invasion. The longest 
diameter was measured for establish-
ment of tumor size. Signal intensity 
was compared with that of normal skel-
etal muscle on both T1-weighted and 
T2-weighted images, and described as 
hypointense, isointense, hyperintense, 

and heterogeneous. Intramedullary in-
vasion was defined as the involvement 
of the medullary component, visible 
on all sequences. 

The biopsies were performed imme-
diately after the MRI examination and 
with attention to MRI findings, prior 
to surgery. Biopsies were taken from 3 
different locations, with the guidance 
of contrast-enhanced images, includ-
ing both enhanced and unenhanced 
areas.

Each case was evaluated by a pa-
thologist with 15 years of experience 
in musculoskeletal pathology. His-
tologic grading was described as fol-
lows: Grade I: hypocellular stroma 
with subtle atypia; Grade II: mild in-
crease in stromal cellularity and more 
prominent cytologic atypia; Grade III: 
marked pleomorphism with high cyto-
logic atypia and high mitotic rate, also 
called dedifferentiated type. Duration 
of the clinical follow-up varied from 1 
to 15 years.

This retrospective study was approved 
by the institutional review board.

Results
According to the histopathological 

examination, 6 of the tumors were 
Grade I (low) (Fig. 1), 3 were Grade 
II (intermediate) (Fig. 2) and 3 were 
Grade III (high, dedifferentiated) (Fig. 
3). One of each grade was a recurrent 
tumor. The recurrent Grade II and 
Grade III tumors were Grade I at initial 
diagnosis.

The overall tumor sizes ranged be-
tween 4.5 cm and 25 cm at their 
greatest long axis (mean, 11 cm). The 
average sizes were 11.3 cm, 6.6 cm, 
and 14.5 cm for Grade I, Grade II and 
Grade III tumors, respectively. For each 
case, clinical details, MR signal inten-
sity, histopathological grade of the 
tumor, and presence of hemorrhage 
and necrosis are tabulated in Table. 
Grade I tumors had well-defined bor-
ders, whereas high-grade lesions were 

Figure 1. a–d. Grade I parosteal osteosarcoma. Lateral radiograph of the knee (a) shows an ossified mass on the dorsal aspect of the femur 
(arrows). On T1-weighted sagittal MR image (b), a round hypointense mass originating from the posterior aspect of the femur is seen (arrow). 
T2-weighted sagittal MR image (c) shows the hyperintense signal intensity of the tumor due to hemorrhage (arrow). Histopathologically, 
irregular lamellar bone formation and spindle-cell infiltration is evident (d, HE x125). 
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ill-defined, large masses. There was a 
soft tissue component in all cases, with 
no cleavage plane between the tumor 
and the soft tissue. Intramedullary ex-
tension was evident in 3 of 6 Grade I 
cases, 2 of 3 Grade II cases, and all 3 
Grade III cases. 

T1-weighted images revealed lesions 
of marked hypointensity compared 
with normal skeletal muscle. Signal in-
tensity on T2-weighted images varied 
depending on the presence of necro-
sis and hemorrhage. Most commonly, 

there was heterogeneous signal on T2-
weighted images on all three grades of 
tumors (4 of 6 Grade I, 2 of 3 Grade 
II, and all of Grade III tumors), espe-
cially when the tumor was large. The 
histopathologic findings on biopsy 
were directly compared with con-
trast-enhanced MRI findings, reveal-
ing enhancement of the solid compo-
nents; however, no enhancement was 
observed in some areas, which were 
found to be necrotic or hemorrhagic 
on histopathological examination.

Discussion
Usually a low-grade malignancy with 

little potential for metastasis, parosteal  
osteosarcoma is the most common 
subtype of surface osteosarcomas, ac-
counting for over 75% of all surface 
osteosarcomas. There is a female pre-
dominance, and the peak age of pres-
entation is in the second or third dec-
ade.  The tumor occurs almost exclu-
sively in long tubular bones, although 
there are a few published case reports 
of parosteal osteosarcomas in the axial 

Figure 2. a–e. Grade II parosteal osteosarcoma. T1-weighted sagittal MR image 
(a) shows irregularity on the posterior cortex of the femur and invasion of the 
medullary-trabecular component with hypointense signal intensity (arrows). T1-
weighted fat-saturated sagittal MR image after injection of intravenous contrast 
medium (b) shows homogeneous intense enhancement of the medullary cavity 
(white arrow) and the enhancing solid component (black arrow). T1-weighted 
axial MR image after injection of intravenous contrast medium (c) shows 
the enhancing soft tissue (arrow). T2-weighted fat-saturated MR image (d) 
shows diffuse high signal intensity of the marrow (white arrow) and the solid 
component of intermediate signal (black arrow). Histopathologically, moderate 
cellularity between bony trabeculae, mild pleomorphic spindle cell infiltration is 
seen (e, HE x125).
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skeleton. The most common site is the 
femur, with a pronounced predilection 
for the posterior aspect of the distal 
femoral shaft (7, 8). Ninety percent of 
parosteal osteosarcomas involve the 
metaphysis; two thirds are confined to 
the metaphysis. Diaphyseal involve-
ment alone is seen in up to 10% of 
cases (9).

Clinically, parosteal sarcoma presents 
as a slowly growing painless mass, un-
less it is close to a joint, in which case 

the tumor may cause local tenderness 
with loss of range of motion (10). Bio-
logically, it is a slowly progressive dis-
ease. Pulmonary metastases tend to ap-
pear late in the course of the disease, 
frequently following one or more local 
recurrences. Therefore, therapy is sur-
gical, and is directed toward control of 
the primary tumor. Early diagnosis de-
pends on clinical suspicion, thorough 
radiologic evaluation, and accurate 
histologic interpretation. Appropriate 

timely therapy usually presages a favo-
rable prognosis (11). 

The radiological appearance is well 
described in the literature. Radiographi-
cally, these tumors are eccentrically 
placed, lobulated, and densely miner-
alized. Parosteal osteosarcomas are at-
tached to the underlying cortex by a 
broad base with a lucent zone, called 
the cleavage plane, between the under-
lying cortex and the tumor; however, 
this latter finding is not constant (3, 7). 

Figure 3. a–e. Grade III parosteal osteosarcoma (dedifferentiated 
type). T1-weighted coronal and axial MR images (a, b) show 
a large hypointense mass invading the medullary-trabecular 
component of the right femur (arrows). T1-weighted coronal MR 
image after injection of intravenous contrast medium (c) shows 
heterogeneous enhancement (arrows). T2-weighted coronal 
MR image (d) shows heterogeneous hyperintensity (compared 
with muscle) due to necrosis (arrow). Histopathologically, bony 
trabeculae and hypercellular spindle cell infiltration is evident  (e, 
HE x125).
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CT accurately defines the extent of 
the tumors for surgical planning, al-
though tumor bone often cannot be 
distinguished from thickened host 
bone. CT cannot differentiate the lu-
cent areas within dense tumors, which 
contain either benign tissue or tumor 
of any grade. CT may not reveal small 
satellite nodules beyond the main tu-
mor (5). MRI is preferred for evaluation 
of bone marrow, and for identification 
of satellite lesions; CT is optimal for as-
sessment of cortical integrity (2).

Histologically, there are long, nar-
row trabeculae or ill-defined islands of 
osteoid and woven bone separated by 
a fibrous stroma. The trabeculae may 
undergo maturation that results in the 
formation of normal-appearing lamel-
lar bone. About 15% of tumors show 
high-grade components; low-grade tu-
mors carry a significant risk of dedif-
ferentiation to a high-grade sarcoma. 
Most commonly, dedifferentiation oc-
curs by progressive malignant transfor-
mation of a low-grade tumor with loss 
of histologic differentiation, increased 
mitotic and growth rate, and metastat-
ic spread (3, 12). 

We had 6 Grade I, 3 Grade II, and 
3 Grade III tumors. Grade III tumors 
were large masses, which may have 
been of lower grade when they first 
arose, but dedifferentiated over time. 
Ten patients presented to the ortho-

pedics clinic with a palpable mass, the 
average size of which was significantly 
larger than those reported in the litera-
ture. Tumors that are large at presen-
tation may have grown to encircle the 
underlying bone (13). On MRI, ossi-
fied components were of hypointense 
signal, and necrotic and hemorrhagic 
components were heterogeneously hy-
perintense on T2-weighted images. 

 The average sizes of Grade I, II, and 
III tumors were 11.3 cm, 6.6 cm, and 
14.5 cm, respectively, indicating that 
in our small sample, there was not a 
simple relationship between tumor 
size and the histologic grade. In larger 
tumors, hyperintense areas of necrosis 
and haemorrhage occurred and these 
along with the hypointense (ossified) 
components caused a heterogeneous 
appearance, regardless of the grade of 
the tumor. 

On MRI, parosteal osteosarcomas 
are hypointense on both T1- and T2-
weighted images due to their dense 
osteoid components, especially in 
small tumors. Jelinek et al. suggest that 
low signal intensity on both T1- and 
T2-weighted images indicates a low-
grade lesion; high signal intensity on 
T2-weighted images indicates a high-
grade component (6). However, in 
this study, low-grade large masses also 
showed high signal intensity due to 
degeneration, hemorrhage, and necro-

sis. We could not correlate the high 
signal intensity with tumor grade. In a 
case study reported by Futani et al., T2-
weighted images were not sufficient to 
differentiate the high-grade sarcoma-
tous component, consistent with our 
findings (14).

In a review by Okada et al., the histo-
logic diagnoses of the dedifferentiated 
components included fibroblastic os-
teosarcoma, fibrosarcoma, malignant 
fibrous histiocytoma, osteoblastic os-
teosarcoma, and chondroblastic os-
teosarcoma (15). Dedifferentiation is 
the development of a new high-grade 
malignancy in association with a pre-
existing low-grade malignancy or a 
benign tumor, and is not necessarily 
accompanied by necrosis and hemor-
rhage (15). Thus, high signal intensity 
on T2-weighted images of tumors of 
all grades does not necessarily identify 
a dedifferentiated component of the 
tumor. However, contrast-enhanced 
images may reveal the solid compo-
nent in the heterogeneous areas on T2-
weighted images, and can indicate the 
appropriate site for biopsy.

Opinions differ as to whether intra-
medullary extension has prognostic 
relevance. Campanacci et al. report 
that there is a strong relationship be-
tween the histologic grade and intra-
medullary extension, whereas Sheth et 
al. could not find any correlation (10, 

Table. Clinical details, MRI signal intensity, and histopathological results

Case Age/Sex Site Size T1-signal intensity T2-signal intensity Hemorrhage/Necrosis Grade

1 38/F Femur, distal, posterior 19 cm Hypo Hyper-Heterogeneous + I

2 23/F Femur, distal, posterior 4.5 cm Hypo Hyper - I

3 50/F Humerus, proximal, anterior 8 cm Hypo Hyper-Heterogeneous + I

4 54/F Femur, distal, posterior 15 cm Hypo-Heterogeneous Hyper-Heterogeneous + I

5 27/F Tibia, proximal, posterior 10 cm Hypo Hyper - I

6 24/M Femur, proximal, anterior 12 cm Hypo Hyper-Heterogeneous + I

7 17/F Femur, distal, posterior 6.5 cm Hypo Hyper - II

8 34/F Femur, proximal, posterior 6 cm Hypo-Heterogeneous Hyper-Heterogeneous + II

9 33/F Femur, distal, posterior 7.5 cm Hypo Hyper-Heterogeneous + II

10 32/F Femur, distal, posterior 9 cm Hypo Hyper-Heterogeneous + III

11 46/M Femur, distal, posterior 25 cm Hypo-Heterogeneous Hyper-Heterogeneous + III

12 28/F Femur, distal, posterior 10 cm Hypo Hyper-Heterogeneous + III

M: male, F: female
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16). Bertoni et al. showed that inva-
sion of the medullary canal was more 
frequent in dedifferentiated parosteal 
osteosarcoma than in conventional 
osteosarcoma (65% vs. 28%) (17). In-
tramedullary extension was evident in 
3 of the Grade I cases, 2 of the Grade II 
cases, and all of the Grade III cases in 
our study. The numbers are too limited 
to draw any conclusion in this regard; 
however, it is clear that MRI is capable 
of revealing subtle marrow changes. 

Our study is limited by the relatively 
small number of cases of each sub-
group. We also were not able to per-
form direct mapping of MRI findings 
with pathologic specimens.

In conclusion, the signal characteris-
tics of parosteal osteosarcomas on MRI 
may vary in relation to the size of the 
tumor, as well as the presence of hem-
orrhage and necrosis. Therefore, MRI 
signal characteristics are not useful for 
tumor grading. The main advantage of 
MRI is that contrast-enhanced images 
may delineate the appropriate biopsy 
site. The effect of medullary invasion 
on the prognosis is controversial; how-
ever, MRI is the best imaging modality 
to assess medullary involvement, and 
can guide the surgical plan to ensure 
adequate resection of bone marrow in-
filtrated by tumor.
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