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Contemporary treatmentofosteosarcoma has resulted
in dramatically improved survival for patients with
this aggressive tumor. Whereas previously only 17-
20% of patients were expected to have a five year
survival,12 the addition of intensive adjuvant chemo-
therapy has increased this to over 80%.3 Precise
image analysis plays an important role in patient
management decisions. Whereas the initial diagnosis
of osteosarcoma is usually based upon clinical history
and plain radiographic findings, then confirmed with
biopsy, the later decisions regarding chemotherapy
and surgery are heavily dependent upon the results of
several various imaging studies. For example, chest
radiographs and computed tomography of the chest
are of value in the detection of pulmonary metastases.
Radionuclide bone scanning with technetium 99m
methylene diphosphonate (99mTc-MDP) is helpful
in the diagnosis of osseous metastatic disease. Com-
puted tomography and magnetic resonance imaging
assist one in quantitating the extent of local tumor
spread and comparison of images before and after
preoperative chemotherapy yields information
regarding tumor response to therapy.4

Classification of Osteosarcoma
Osteosarcoma is a malignant bone tumor in which
bone or osteoid tissue is formed by the tumor cell.
Several classification systems have been proposed.5

The most common classification details:

A) The location:
1. In the medullary space (conventional)
2. Within the cortex (intracortical)
3. Adjacent to the cortex (parosteal or perio-

steal)
4. Away from the bone (extraosseous)
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B) The degree of biological aggressiveness
1. Low grade
2. High grade (85% of osteosarcoma)

C) The historical cell type preponderance

1. Osteoblastic (55%)
2. Chondroblastic (23%)
3. Fibroblastic (22%)

D) The de novo occurrence of the tumor or the
presence of pre-existing abnormal bone (eg.
previous radiation.

Conventional osteosarcoma is the most common
primary malignant bone tumor other than myeloma.
It accounts for 25% of all primary bone tumors. This
tumor occurs most frequently in sites of active bone
growth and, therefore, it has the greatest incidence in
the distal femur, the proximal tibia, and the proximal
humerus. It is rare in the small bones of the hands and
feet and in flat bones. Most frequently, it arises in the
metaphysis with only 9.5% being diaphyseal. Os-
teosarcomas arising in the epiphysis is rare although
the tumor may extend across a closed or even open
cartilaginous plate and may extend into the joint
space.

The most common route of tumor metastasis is
hematogenous spread to the lung.' Lymphatic spread
of malignant cells to regional lymph nodes has been
noted in about 11 % of cases.10 Tumors that are smaller
(less than 10 cm) and distally located have a better
prognosis than larger tumors that are proximally
located.11 Recurrence of osteosarcoma at the amputa-
tion site is stated to occur in 5.2% of patients.12

Computed tomography is more sensitive in detecting
pulmonary metastases than is conventional radio-
graphy.13

About 60% of osteosarcomas develop in the second
decade of life during the adolescent growth spurt14

and osteosarcoma is rare under the age of five years
or over the age of 40 years. Osteosarcomas that occur
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in bones with an earlier growth spurt (eg. humerus)
develop at an earlier age than they do in bones that
have a later growth spurt (eg. femur).15 The male to
female ratio is 1.5 I.16

Skip lesions in osteosarcoma refer to a second smaller
focus of tumor occurring in the same bone, although
separated from the major metaphyseal primary,17 or it
may be a second focus on the opposing side of the
joint1* Skip lesions may be part of the natural evolu-
tion of osteosarcoma and have been observed in up to
25% of cases in one series. Patients with skip lesions
have a higher local recurrence rate and lower disease
free intervals and a graver prognosis compared to
those without skip lesions.17

Extraosseous osteosarcoma is very rare (2.6% of all
osteosarcomas) and is highly malignant and not often
seen in children. It has been reported as occurring in
the breast, chest wall, soft tissues of the thigh, intra-
abdominally, in the scapular region, in the popliteal
fossa, and the falx.5

Multicentric osteosarcomas existing in the skeleton
at the same time is extremely rare with an incidence
of 0.1% of cases of osteosarcoma.19 Multiple
osteosarcomas may deyelop simultaneously
(synchronous) or at different times (metachronous).
The synchronous form occurs in children, is meta-
physeal, osteosclerotic, and relatively symmetric in
size, and it has a poor prognosis.5

Radiographic Appearance
Since most osteosarcomas have a mixed histological
pattern, the radiographic appearance is comprised of
both osteosclerotic and osteolytic changes.4 A
disrupted cortex and an adjacent soft-tissue mass are
usually present. Interrupted periostal new bone in the
form of Codman's triangle or a perpendicular
"sunburst" appearance may be present.

Parosteal osteosarcomaoccurs most commonly along
the metaphyseal region of the distal femur. Charac-
teristically these lesions present as a large, sclerotic,
longitudinally oriented oval mass with a sessile
attachment to the underlying cortex.

Plain radiography is the primary imaging modality
for assessing osteosarcoma's response to preopera-

tive chemotherapy. Tumors that have not decreased
in bulk have a higher incidence of recurrence and
metastatic disease. Plain radiography is also the
primary method used to detect recurrent tumor
ollowing surgery. This is particularly true for patients
that have an endoprosthesis which can degrade the
images on computed tomography or magnetic
resonance imaging. Recurrent tumor usually is
characterized by radiographic findings similar to the
primary tumor whether predominantly sclerotic,
osteolytic, or mixed.

Radionuclide Imaging
Bone scanning with 99mTc-MDP (methylene
diphosphonate) is generally used to search for addi-
tional osseous lesions such as bony metastases (skip
lesions) and synchronous lesions. The technetium-
MDP is absorbed onto the surface of hydroxyapatite
crystals of actively forming bone. Increased isotopic
accretion is a nonspecific finding and neoplastic,
traumatic, and inflammatory conditions often cannot
be differentiated purely on the basis of the bone scan.
Therefore, the bone scan must be interpreted in cor-
relation with the radiograph.

PET Scanning
Positron emission tomography (PET) utilizes cyclo-
tron produced positron emitting isotopes which are
combined with compounds that trace physiologic or
biochemical processes. This is in distinction from
conventional radionuclide scanning in which one
utilizes compounds that emit gamma radiation.

Bone metabolism is measured in PET scanning by
utilizing radioactive fluorine (18F) which is incorpo-
rated as (13F) 2-fluoro-2-deoxy-D-glucose (FDG).
This compound allows measurement of glucose utili-
zation and, thereby, one can distinguish normal tissue
from neoplastic or inflammatory tissue because the
pathologic tissues have a higher rate of glycolysis and
thus trap more FOG.20"23 It is expected that PET will
make an enormous impact on the evaluation of
osteosarcoma and will become the most useful
modality for identifyingmetastatic'disease, monitor-
ing the response of the tumor to chemotherapy, and
detecting tumor recurrence. A recent report describes
two cases of bone tumors with high FDG uptake and
negative 99mTc HMDP bone scintigraphy.24
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Arteriography
Arteriography is useful for the accurate depiction of
the blood supply of osteosarcoma before and after
systemic or intra-arterial perfusion chemotherapy.
The evaluation of tumor response to chemotherapy
has now largely been performed more accurately and
noninvasively by CT and MRI. Osteosarcoma may
manifest one or more of the following arteriographic
signs of tumor: (a) bizarre tumor vessels, irregular in
path and ragged in margin, which fail to progressively
diminish in caliber, (b) tumor vessels that terminate in
small scattered accumulations of contrast called tumor
"lakes", (c) arteriovenous shunting, (d) encasement
of vessels, and (e) diffuse staining of the tumor by
contrast media. Controversy exists as to the value of
arteriography in predicting the histologic response to
therapy or the eventual outcome.2526

Computed Tomography
The role of computed tomography in osteosarcoma is
to precisely depictcortical destruction of bone, marrow
involvement, soft tissue mass extent, relationship to
neurovascular structures and joint spaces, and accu-
rately define the number and location of pulmonary
metastasis.272* Patients responding to treatment,
demonstrated on a post therapy CT scan decrease or
disappearance of the associated soft tissue mass and
clear re-establishment of the previously obscured fat
planes between muscle bundles.28 Mail et al. concluded
that the changes seen on CT correlated well with the
degree of histologic response in a small series of
patients.27 On CT scans, marrow involvement by
tumor is seen as soft tissue density replacing the
normal low attenuation marrow fat.

MRI Imaging
In the past few years, many reports have described the
value of magnetic resonance imaging in osteo-
sarcoma evaluation.29'33 The multiplanar imaging
potential with MRI makes it well suited for the
assessment of tumor extent in this current era when
limb salvage procedures have replaced amputation as
the mainstay of surgical treatment. The exceptionally
high intrinsic contrast resolution is a very important
reason for choosing MRI over other imaging tech-
niques.37

What is the preferable MR imaging sequence for
bone tumors in children? Using MRI, we have inves-
tigated several imaging techniques to differentiate
viable from necrotic tumor and to differentiate viable
tumor from perineoplastic edema.33 We found in a
correlative histopathology study that we can distin-
guish viable from necrotic tumor by analyzing MR
images after administration of gadolinium. Fat
saturated post-contrast scans are superior to conven-
tional post-contrast scans because theenhancing viable
tumor is highlighted against the low signal intensity
fatty marrow. We can identify tumor hemorrhage on
the fat saturated pre-contrast Tl -weighted scan
because it has a high signal intensity compared to low
signal intensity tumor and the low signal intensity
fatty marrow. Rapid sequential imaging for a few
minutes after the administration of a contrast bolus
enables us to distinguish between viable tumor and
perineoplastic edema. The viable tumor has a very
steep curve for signal intensity increase and the signal
reaches a statistically higher level than that which we
saw for perineoplastic edema.

Response to Chemotherapy
Patients with a good radiographic response demon-
strate dramatic changes. One sees medullary sclero-
sis, prominent periostea! new bone formation, and
disappearance of the soft tissue mass.39-40 Some inves-
tigators believe that radiologic studies are of only
limited use in predicting which patients with extrem-
ity osteosarcoma will have a poor response to chemo-
therapy or a poor outcome and are not useful in
predicting a good response or outcome.41 The use of
99mTcMDP is felt by some to be h ighly sensitive and
specific modality for an objective and accurate
assessment of tumor regression during preoperative
chemotherapy.42

The Memorial Sloan-Kettering Cancer Center ten
year experience (1976-1986) was reviewed by Glas-
ser et al.43 This group screened 559 records and found
179 consecutive patients who were studied to identify
predictors of long term survival. Survival was 77%
and 73% at five and ten years respectively with
continuously disease free survival being 70% and
69%, respectively. The most significant predictors of
survival were the location of the primary lesion, local
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control of the tumor, and the degree of necrosis in the
primary tumor after intravenous neoadju van t chemo-
therapy. The risk of local recurrence was almost
fivefold higher in tumors of the femur than in tumors
of other locations. Within the femur, the risk of local
recurrence was more than threefold higher in the
proximal femur than in the distal femur.
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