
Skeletal Radiol (1985) 14:38~6 Skeletal 
Radiology 

Juxtacortical osteosarcoma: 
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Abstract. Radiologic and pathologic findings were 
analyzed in four patients with parosteal osteosar- 
comas, three with periosteal osteosarcomas and 
one with a high-grade surface osteosarcoma. Plain 
film and histologic findings considered together are 
usually distinctive and permit differentiation of 
these tumors from each other and from other le- 
sions with which they are frequently confused. 
Prognosis and management are determined by tu- 
mor extent and histologic grade. Computed to- 
mography is more accurate than conventional to- 
mography, angiography, and bone scintigraphy for 
preoperative determination of tumor extent and 
for assessing tumor relationships to the bone cor- 
tex and medullary cavity. Histologically, parosteal 
osteosarcomas are usually low-grade, while perios- 
teal and high-grade surface osteosarcomas are gen- 
erally high-grade tumors and have worse pro- 
gnoses. High-grade surface osteosarcoma, which 
is indistinguishable in behavior and histology from 
classical medullary osteosarcoma, requires more 
aggressive surgical management than parosteal 
and periosteal osteosarcomas. 
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Most osteosarcomas arise within the medullae of 
long bones and have typical radiologic appear- 
ances and rapidly progressive clinical courses [7]. 
However, osteosarcomas also arise rarely on bone 
surfaces, and many of these tumors are biologically 
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different from their intramedullary counterparts 
[7]. In this report, these surface tumors are called 
"juxtacortical osteosarcomas." Juxtacortical os- 
teosarcoma is generally subdivided into parosteal 
osteosarcoma and periosteal osteosarcoma [20]. 
Recently, a third subtype, high-grade surface os- 
teosarcoma, has been recognized as a distinct en- 
tity [23]. Because of their rarity, juxtacortical os- 
teosarcomas are frequently misdiagnosed as other 
lesions such as osteochondromas, myositis ossifi- 
cans, and chondrosarcomas [3, 10, 22], leading to 
resection with inadequate surgical margins. In this 
paper, we analyze the spectrum of  radiologic and 
histologic appearances encountered in juxtacorti- 
cal osteosarcomas and discuss the use of  current 
imaging techniques including computed tomogra- 
phy (CT), bone scintigraphy, and angiography in 
their evaluation. 

Materials and methods 

Of 65 patients with osteosarcomas treated between January 
1976 and April 1984, eight (12.3%) had juxtacortical osteosar- 
comas. There were six men and two women ranging in age 
from 13 to 39 years (mean age=29.5 years). Surgical manage- 
ment included wide local (en bloc) tumor excision in seven 
patients and above-knee amputation in one. Follow-up data 
were available in all. 

All tumors were evaluated by conventional radiographs, 
hypocycloidal tomography, and bone scintigraphy. Five pa- 
tients had CT and arteriography of the tumor site. Tumor ap- 
pearances and extent, determined by these imaging techniques, 
were analyzed. The intensity of radiophosphate uptake in each 
tumor was graded relative to sacroiliac joint uptake in posterior 
views on a scale of 0 to 4 + ,  where 3 + is activity equal to 
that of the sacroiliac joints [18]. Radiologic and pathologic 
findings were correlated. The tumors were subdivided into par- 
osteal, periosteal, and high-grade surface osteosarcomas using 
established radiologic and histologic criteria [20, 21, 23]. Tumor 
histologic differentiation was graded, using previously de- 
s c r i m  criteria [1, 3, 23], on a scale of 1 to 3, where grade 
1 indicates a well-differentiated tumor and grade 3 designates 
an anaplastic poorly differentiated lesion. 
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Fig. 1A-E. Parostcal osteosarcoma. A Distal femoral tumor is composed of trabecu- 
lar bone, denser at tumor base. Apparent  satellite tumor nodule (arrow) is seen 
in soft tissues. Cortical and medullary invasions are difficult to evaluate. B CT 
(soft tissue window settings) demonstrates that  tumor has a soft tissue cap (open 
arrows). Histologically, this was composed predominantly of fibrous tissue. Other 
scans showed apparent  satellite tumor nodule seen in A to be contained within 
main tumor mass. C CT (bone window settings) demonstrates' tumor at tachment  
to femoral cortex by broad pedicle (arrows). There is no medullary tumor invasion. 
D Lateral radiophosphate scintigram displays increased tracer uptake in tumor (open arrow) and in small "satel l i te"  tumor 
nodule (arrow). Ten cm markers are present anteriorly (E on page 40) 
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Fig. 1 E. Miroscopically, (H 
and E x 16), tumor is 
composed of irregular bone 
trabeculae with 
interspersed foci of spindle 
cells (arrows). At high 
power, spindle cells showed 
mild atypia and occasional 
mitotic figures 

Fig. 2A, B. Parosteal osteosarcoma. A On lateral tomography of distal 
femur, dense tumor apparently extends into medullary cavity anteriorly 
(arrow). B On CT, tumor (arrows) cannot be distinguished from adjacent 
thickened bone cortex, but there is no medullary tumor extension. Note 
small lucencies within dense tumor 
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Fig. 3A-C. Periosteal 
osteosarcoma 
A Lateral projection of distal 
femoral diaphysis demonstrates 
small soft tissue mass (open 
arrows) containing delicate bone 
spicules. Tumor produces shallow 
cortical erosion posteriorly, but 
endosteal cortex is preserved. 
Arrow indicates periosteal new 
bone formation 
B Lateral radiophosphate 
scintigram displays increased 
tracer activity extending to 
anterior femoral surface (arrows), 
incorrectly suggesting medullary 
tumor extension 
C Microscopically, (H and E 
x 40), tumor is composed 

predominantly of lobules of 
moderately differentiated 
malignant cartilage cells with 
peripheral hypercellularity. At 
high power, these hypercellular 
zones contained spindle cells and 
t-me, lace-like osteoid 
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Fig. 4A, B. Periosteal osteosarcoma. A C T  of distal femur displays 
juxtacortical soft tissue tumor mass (curved arrow) with ossification 
and superficial cortical erosion (arrowheads). There is blurring of the 
fat plane between tumor mass and popliteal vessels (arrow), and tumor 
is also seen lateral to vessels (open arrow), indicating vascular involve- 
ment. B Lateral subtraction angiogram. Tumor (arrowheads) shows 
mild staining and is closely related to popliteal artery 

Results 

Parosteal osteosarcornas 

Four patients, all men, had parosteal osteosarco- 
mas. They were aged 24, 29, 37, and 39 years, re- 
spectively. Two tumors arose from the distal fe- 
mur, one from the proximal tibia, and one from 
the tibial midshaft. One tumor (Fig. 1) represented 
a recurrence 11 years after local resection of  an 
"osteochondroma."  The tumors appeared on plain 
films as juxtacortical masses of  varying densities. 
Three were composed of  trabecular bone (Fig. 1), 
and one was composed of  dense, compact, ivory- 
like bone (Fig. 2). All four tumors showed lucent 
areas within the otherwise dense tumor masses 
(Figs. 1 and 2). Three were denser at their bases 
than at their peripheries (Fig. 1), and two exhibited 
thin, radiolucent clefts between parts of  the tumors 
and the underlying cortex. However, at least part 

of  the tumor was inseparable from the underlying 
cortex in all patients so that cortical and medullary 
tumor invasions were difficult to evaluate on plain 
films and conventional tomography (Figs. 1 and 
2). Thickening of the adjacent cortex was observed 
in two patients. 

CT scans were available in three patients and 
showed no vascular or medullary tumor invasion 
(Figs. 1 and 2). However, tumor bone could not 
be distinguished from thickened, adjacent cortex 
(Fig. 2). Radiophosphate uptake corresponded to 
anatomic tumor dimensions in all patients (Fig. 1), 
and intensity of  uptake was graded 4 +  in two 
scans, 3 + in one, and 1 + in one. Angiography 
was performed in one patient and showed an avas- 
cular tumor. No patient showed medullary tumor 
invasion on pathologic examination. Histologi- 
cally, the tumors were considered grade 1 lesions 
[1]. They were characterized by abundant, well- 
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Fig. 5A-E. High-grade surface osteosarcoma. A Lateral view shows partially 
ossified soft tissue mass (arrow) related to uneroded posterior fibular cortex. 
B CT displays partially ossified, ill-deFined soft tissue mass (arrowheads), 
which is infiltrating adjacent muscles but is remote from popliteal vessels 
(open arrow). Monostotic fibrous dysplasia involves tibial cortex (arrow). C 
Anteroposterior subtraction angiographic study demonstrates tumor neovas- 
cularity and hypervascularity (arrowheads). Early venous drainage was evi- 
dent in later films. D Lateral radiophosphate scintigram displays intense (3 +)  
tracer uptake in soft tissue mass (arrow). There is also increased tracer uptake 
in proximal fibula (arrowhead), incorrectly suggesting bone invasion by tumor 
(E on page 44). 
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Fig. 5E. Microscopically, 
(H and E x 40), tumor is 
composed of highly 
anaplastic cells among 
which osteoid is evident 

formed osseous trabeculae between which lay foci 
of spindle cells exhibiting mild atypia and occa- 
sional mitotic figures (Fig. 1). No patient had me- 
tastases at presentation, and neither local tumor 
recurrences nor metastases were observed during 
postsurgical follow-up periods o f  7, 11, 36, and 
63 months, respectively. 

Periosteal osteosarcomas 

Three patients, two males and one female, aged, 
respectively 13, 22, and 39 years, had distal femoral 
periosteal osteosarcomas. One tumor represented 
a recurrence nine years after local resection. On 
plain films and conventional tomography, the tu- 
mors presented as juxtacortical soft tissue masses 
containing small bone spicules (Fig. 3). Periosteal 
new bone formation and superficial cortical ero- 
sion (Fig. 3) were seen in two patients, while nei- 
ther finding was noted in the third. Angiography 
showed that one tumor was avascular and that 
two were hypovascular (Fig. 4). CT was available 
in one patient and demonstrated vascular invasion 
(Fig. 4). Since the tumor could not be dissected 
from the vessels at surgery, an above-knee amputa- 
tion was performed. The other two patients had 
wide local tumor excisions. 

Radiophosphate uptake intensity was graded 
3 + in two tumors and 2 + in one. The extent of  
osseous tracer activity incorrectly suggested medul- 

lary tumor invasion in all three patients (Fig. 3). 
One patient also showed an "extended uptake pat- 
tern" [19] with increased activity involving the 
knee joint and proximal tibia, in the absence of 
tumor involvement at these sites. No patient had 
medullary tumor invasion on pathologic examina- 
tion, although superficial cortical erosion was evi- 
dent in two, as predicted radiologically. Histologi- 
cally, the tumors were considered grade 2 lesions 
[3, 20] and consisted of lobules of moderately dif- 
ferentiated cartilage cells separated by septa con- 
taining spindle cells and osteoid (Fig. 3). No pa- 
tient had metastases at presentation and neither 
local tumor recurrences nor metastases were ob- 
served during postsurgical follow-up periods of 81, 
97, and 98 months, respectively. 

High-grade surface osteosarcoma 

One patient, a 33-year-old woman, had a high- 
grade surface osteosarcoma arising from the poste- 
rolateral aspect of  the fibular neck. Its radiologic 
features are illustrated (Fig. 5). Bone scintigraphy 
erroneously suggested fibular invasion (Fig. 5). 
Pathologic examination confirmed the radiologic 
findings of a soft tissue mass without erosion of 
the underlying cortex. Histologically, the tumor 
was grade 3 and was composed of anaplastic cells 
among which osteoid could be identified (Fig. 5). 
No metastases were detected at presentation, and 
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the patient has no evidence of local tumor recur- 
rence or of  metastases during a 14-month postsurg- 
ical follow-up period. 

Discussion 

Parosteal osteosarcoma is a rare, slow-growing, 
bone-producing neoplasm, comprising slightly less 
than 4% of osteosarcomas [5]. The tumor has a 
peak incidence in the third and fourth decades [11] 
and most commonly arises from the popliteal sur- 
face of the distal femur [21]. Most tumors present 
characteristic plain film appearances. They are 
usually firmly attached to the adjacent, often thick- 
ened, bone cortex by a broad base [21] and fre- 
quently cannot be distinguished from it by either 
radiography or CT (Fig. 2). As the tumor grows, 
it encircles the shaft, often leaving a thin, lucent 
cleft between the underlying bone and the neo- 
plasm [21]. Periosteal new bone formation is rarely 
found [5]. Even dense tumors contain small lucen- 
cies (Fig. 2) [24] which may represent fibrous or 
cartilaginous tissue, normal fat, entrapped benign 
soft tissues or dedifferentiated (high grade) areas 
of osteosarcoma [4, 24]. 

Preoperative assessment of tumor extent is im- 
portant for prognosis and treatment planning [4]. 
CT is the most effective method for delineating 
the relationship of the ossified mass to adjacent 
muscles and vessels and for determining whether 
medullary invasion has occurred [4, 9], although 
small areas of medullary invasion may be difficult 
to detect on CT [16]. Conventional tomography 
is not useful for these purposes and, since most 
parosteal osteosarcomas are avascular or hypovas- 
cular [17, 25], angiography is also of limited use 
for determining tumor extent. Bone scintigraphy 
does not add to the information provided by plain 
films and CT. 

Most parosteal osteosarcomas are histologi- 
cally low-grade lesions [21], although some tumors 
contain high-grade (dedifferentiated) areas [1, 24]. 
The histologic appearances are distinctive (Fig. 1). 
Some authors have described two distinctly differ- 
ent forms of parosteal osteosarcoma [15]. They 
claim that the predominant type is originally a low- 
grade malignant tumor which metastasizes after 
a long symptom-free interval, while the other type 
is a highly malignant tumor from the outset. How- 
ever, it seems more appropriate that the latter be 
categorized as high-grade surface osteosarcomas 
[23]. The prognosis of  parosteal osteosarcoma is 
better than that of  medullary osteosarcoma [21] 
and depends on tumor grade [1, 4] and whether 
medullary invasion has occurred [4, 24]. Metas- 

tases occur mainly with high-grade tumors that 
have invaded the medullary cavity [4]. Well-differ- 
entiated low-grade tumors are sometimes called 
parosteal "os teomas"  [6, 14]. However, if incom- 
pletely resected, such tumors often recur, some- 
times in a dedifferentiated form, and metastases 
may occur [24]. Accordingly, appropriate t he r a py  
requires complete tumor removal by wide local (en 
bloc) excision [4, 12], regardless of  histologic grade 
[24]. 

Differentiation of parosteal osteosarcoma from 
myositis ossificans circumscripta and osteochon- 
droma is important clinically. Myositis ossificans, 
which may be treated conservatively or by limited 
marginal excision [2, 26], presents radiologically 
as an ossified mass adjacent to bone. It is differen- 
tiated from parosteal osteosarcoma by its lack of 
attachment to underlying bone and by the presence 
of peripheral mineralization and a lucent center 
on CT [2, 26]. An osteochondroma arises from 
the underlying bone with its medullary cavity and 
cortex continuous with those of the affected bone 
[5]. On the other hand, a cortex is present beneath 
a parosteal osteosarcoma which, therefore, does 
not share a common medullary cavity with the un- 
derlying bone [5]. 

Periosteal osteosarcoma is a less common jux- 
tacortical tumor, accounting for about 1% of os- 
teosarcomas [5]. Most lesions occur in the second 
and third decades [20] with the femur and tibia 
being the most common locations [8, 20]. The plain 
film finding of a juxtacortical soft tissue mass con- 
taining fine bone spicules and associated with peri- 
osteal new bone formation and superficial cortical 
erosion is highly suggestive of periosteal osteosar- 
coma [8, 20]. The medullary cavity is usually 
spared [8, 20]. CT is useful for determining the 
relationship of the tumor to major vessels and to 
the bone cortex (Fig. 4) [9]. Conventional tomog- 
raphy does not usually help in further evaluation. 
Radiophosphate scans often incorrectly suggest 
medullary invasion (Fig. 3). Since most tumors are 
avascular or hypovascular, angiography is of  lim- 
ited use in determining tumor extent (Fig. 4). 

Periosteal osteosarcomas are generally high- 
grade (grade 2 or 3), chondroblastic osteosarcomas 
and differ strikingly in their histologic appearances 
from parosteal osteosarcomas (Fig. 3) [3, 20]. Al- 
though the predominance of malignant cartilage 
may suggest a diagnosis of  chondrosarcoma [3], 
the presence of osteoid indicates the true nature 
of the tumor [20]. The general prognosis is better 
than for medullary osteosarcoma but not as good 
as for parosteal osteosarcoma [20]. Wide local tu- 
mor excision, if technically feasible, and adjuvant 
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chemotherapy are the generally recommended 
forms of management  [13, 20]. 

High grade surface osteosarcomas are rare jux- 
tacortical tumors, accounting for less than 1% of 
osteosarcomas [23]. Most tumors occur in the fe- 
mur  where they present similar radiologic appear- 
ances to those of periosteal osteosarcoma [23]. CT 
helps determine tumor  extent and relationships to 
adjoining structures including blood vessels, mus- 
cles, and bone cortex. Radiophosphate  scans may 
suggest osseous involvement in the absence of cort- 
ical erosion (Fig. 5). Angiography suggests the 
high-grade nature of the tumor  (Fig. 5) by showing 
findings similar to those in medullary osteosar- 
coma [17, 25]. Histologically, high-grade surface 
osteosarcoma is less differentiated than periosteal 
osteosarcoma but is indistinguishable from intra- 
medullary osteosarcoma and has the same poor  
prognosis [23]. Accordingly, appropriate manage- 
ment of high-grade surface osteosarcoma requires 
radical local excision and adjuvant chemotherapy 
[12, 13]. 

In conclusion, juxtacortical osteosarcomas 
present an interesting spectrum of radiologic and 
histotogic appearances. The plain film and histo- 
logic findings considered in combination are dis- 
tinctive and permit differentiation of the three sub- 
types of juxtacortical osteosarcoma from each 
other and from other lesions with which they are 
frequently confused. As with other musculoskeletal 
tumors, accurate anatomic staging is an essential 
part of preoperative treatment planning [12]. Ra- 
diologic evaluation of these neoplasms should con- 
sist of plain films and CT. Angiography may occa- 
sionally be necessary in treatment planning to lo- 
cate major vessels and exclude vascular encasement 
if CT does not clarify this issue. Conventional to- 
mography and bone scintigraphy do not aid in di- 
agnosis or determination of disease extent. In fact, 
they may be misleading (Figs. 2, 3, and 5). 
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