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PURPOSE: To assess the relative ac-
curacies of computed tomography
(CT) and magnetic resonance (MR)
imaging in the local staging of pri-
mary malignant bone and soft-tissue
tumors.

MATERIALS AND METHODS: At
four institutions, 367 eligible patients
(aged 6-89 years) with malignant
bone or soft-tissue neoplasms in se-
lected anatomic sites were enrolled.
Patients underwent both CT and MR
imaging within 4 weeks before sur-
gery. In each patient, CT scans were
interpreted independently by two
radiologists and MR images by two
other radiologists at the enrolling
institution. The CT and MR images
were then interpreted together by
two of those radiologists and subse-
quently reread at the other institu-
tions. Imaging and histopathologic
findings were compared and. were
supplemented when needed with
surgical findings. Receiver operating
characteristic curve analysis and de-
scriptive statistical analysis were
performed.

RESULTS: Cases were analyzable in
316 patients: 183 had primary bone
tumors; 133 had primary soft-tissue
tumors. There was no statistically
significant difference between CT
and MR imaging in determining tu-
mor involvement of muscle, bone,
joints, or neurovascular structures.
The combined interpretation of CT
and MR images did not statistically
significantly improve accuracy. Inter-
reader variability was similar for
both modalities.

CONCLUSION: CT and MR imaging
are equally accurate in the local stag-
ing of malignant bone and soft-tissue
neoplasms in the specific anatomic
sites studied.

A’PROXIMATELY 6,000 new cases of
soft-tissue sarcomas and 2,000
new cases of bone sarcoma are diag-
nosed each year in the United States
(1). Before the 1970s, optimal treat-
ment of these (typically large) lesions
often was achieved by amputating
the affected limb. Subsequent ad-
vances in preoperative assessment,
neoadjuvant therapy, and surgical
techniques have allowed limb-sparing
(limb-salvage) operations to be per-
formed in the large majority of such
cases, with at least equivalent patient
survival rates and improved func-
tional results (2-9).

Successful planning of an indi-
vidual patient’s therapy requires the
precise and accurate delineation of
the local extent of neoplasm in bones,
muscles, joints, blood vessels, and
nerves. Magnetic resonance (MR) im-
aging has been embraced by many as
superior to computed tomography
(CT) for this purpose, typically on the
basis of retrospective analyses of small
series of cases within single institu-
tions; in some studies, CT was per-
formed without intravenous contrast
material. Apparent advantages of MR
imaging include the ability to obtain
images in multiple planes, improved

contrast between soft-tissue masses
and normal tissues, clearer delinea-
tion of the extent of intramedullary
bone involvement, and identification
of the relationship between a tumor
mass and major neurovascular struc-
tures without the use of intravascular
contrast material. Although MR im-
ages often provide strikingly more
contrast resolution than CT images,
the effect of this difference or of the
other purported advantages of MR
imaging has yet to be proved to result
in improved local staging of musculo-
skeletal neoplasms.

The Radiology Diagnostic Oncol-
ogy Group (RDOG) (10) was formed
in 1987 to perform multi-institutional
comparative studies of relevant
imaging modalities in the staging of
various cancers (eg, of the lung,
colon, prostate, pancreas, and head
and neck), typically by using a
paired study design in which each
patient undergoes all of the imaging
tests with standard protocols. This
RDOG study was undertaken to
determine the relative accuracies of
CT and MR imaging for local staging
of primary malignant musculo-
skeletal tumors before surgical
resection.
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MATERIALS AND METHODS

Four participating institutions enrolled
patients in this study: Memorial Sloan-
Kettering Cancer Center (New York, NY);
Massachusetts General Hospital (Boston);
University of California, Los Angeles; and
Stanford University Hospital (Palo Alto,
Calif). Potential candidates for this proto-
col were brought to the attention of the
principal investigators or their research
assistants by the medical oncologists or
surgeons responsible for their care. An
initial evaluation form was completed for
an eligible candidate on the basis of the
inclusion and exclusion criteria described
below. If a patient met those criteria and
agreed to participate in the study after the
nature of the procedures had been fully
explained, the patient’s signature on a
standard informed consent form was re-
quired before enrollment. The protocol
and consent form were approved by the
institutional review board of each partici-
pating institution. Each participating pa-
tient was then enrolled by telephone at
the American College of Radiology (office
in Philadelphia, Pa).

Patient Inclusion Criteria

To be eligible for enrollment, a patient
had to have a proved or strongly sus-
pected primary malignant neoplasm aris-
ing from bone or nonvisceral soft-tissue
structures in the arm (above the elbow),
shoulder, pelvis, hip, thigh, knee, or calf.
Patients with neoplasms that involved
other areas of the musculoskeletal system
were not enrolled because the number of
patients anticipated to have tumors in
those sites was small, which would have
led to insufficient data for meaningful
analysis. Patients with fibromatosis or des-
moid tumor were also deemed eligible for
the protocol because these lesions are con-
sidered by some to represent low-grade
malignancy (fibrosarcoma) and often are
treated as such. Patients had to be at least
6 years of age so that the routine need for
sedation could be avoided. A patient may
have received neoadjuvant chemother-
apy, radiation therapy, or both before the
imaging, but at least 90% of that therapy
had to be completed before the imaging
to prevent appreciable treatment-related
changes from occurring in the inter-
val between imaging and subsequent
surgery.

A patient had to be a surgical candidate,
because the standard of reference in this
study is the histopathologic examination
of the specimen obtained at surgery
supplemented (eg, if gross tumor know-
ingly was not resected at surgery) with the
findings at surgery. Patients with distant
metastatic disease from their primary mus-
culoskeletal neoplasms were eligible for
the study if the primary neoplasm was to
be resected. A patient had to be able to
undergo both CT scanning with intrave-
nous administration of iodinated contrast
material and MR imaging.
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Patient Exclusion Criteria

Patients were ineligible for this study if
they had undergone previous resection of
the neoplasm or incisional biopsy with
removal of the majority of the tumor. Pa-
tients with only a small amount of residual
disease or with recurrent disease after pre-
vious resection were not enrolled.

Patients with a round cell musculoskel-
etal neoplasm (eg, lymphoma, leukemia,
multiple myeloma, Ewing sarcoma, em-
bryonal rhabdomyosarcoma) or a metasta-
sis from a nonmusculoskeletal primary
tumor were not enrolled in the study.
Such tumors may behave differently than
other primary musculoskeletal sarcomas,
and en bloc resection specimens often are
not obtained.

Patients were not eligible for the study
if they had an additional extensive pri-
mary process in the bone or soft tissues
(such as Paget disease or neurofibromato-
sis) in the area of the musculoskeletal neo-
plasm. Such disease markedly distorts the
normal anatomic relationships and imag-
ing features. An underlying, less distorting
benign lesion such as osteochondroma
was not excluded. The presence of a
pathologic fracture that resulted in gross
displacement or angulation precluded en-
rollment in the study, because the resul-
tant hemorrhage and edema could greatly
obscure relevant detail.

Patients with contraindications to intra-
venous contrast material or MR imaging
were not eligible for the study. Pregnant
women were not enrolled in this study,
because their imaging work-up must be
individualized.

CT Scanning Protocol

Most patients underwent scanning with
nonhelical CT scanners (GE 9800; GE
Medical Systems, Milwaukee, Wis); other
state-of-the-art CT scanners occasionally
were used if those scanners were not
available at the time of the examination. In
most cases, the patient was supine during
scanning. Owing to the presence of tu-
mors, some patients found the supine po-
sition uncomfortable or impossible to as-
sume; such patients were in the prone or,
rarely, lateral decubitus position during
scanning. Patients with musculoskeletal
neoplasms of the pelvis that also poten-
tially involved pelvic viscera underwent
scanning 3—4 hours after ingesting 750 mL
of dilute oral contrast material.

A localizing CT digital radiograph was
obtained for determining the appropriate
region to be scanned. The exact region
was individualized to include the whole
tumor and entire associated major bone.
For tumors of the shoulder or arm, the pa-
tient usually underwent scanning with
the arms at the side. The scan diameter
was based on the size of the body region
being scanned and was made as small as
practical.

The CT sections first were obtained
without the administration of intravenous
contrast material by using 10-mm collima-

tion to obtain contiguous axial sections
through the whole lesion and entire asso-
ciated major bone. Subsequently, CT sec-
tions were obtained through the whole
tumor, beginning 60 seconds after the ini-
tiation of the intravenous administration
of 150 mL of 60% iodinated contrast mate-
rial delivered by means of power injector
at 1 mL/sec. The dose for a child was
reduced proportionately to the child’s
weight (2 mL/kg). The collimation and
table increments used to obtain the con-
trast material-enhanced CT sections were
5 mm if the tumor was smaller than 10 cm
(as estimated from physical inspection of
the patient and from the unenhanced CT
images) or 10 mm if the tumor was larger
than 10 cm. Initially, in cases of possible
joint invasion, contiguous 3-mm CT sec-
tions were obtained through the affected
joint. However, this practice was discon-
tinued early in the study because of a
perceived lack of clinical usefulness and
the increased time and radiation dose
required.

CT scans of soft-tissue tumors were re-
constructed by using the standard algo-
rithm, and scans of bone tumors were also
reconstructed by using the bone algorithm.
The CT sections were photographed by us-
ing window width and level settings that
best allowed evaluation of soft-tissue struc-
tures (eg, window width, +500 HU; win-
dow level, +50 HU) and bones (eg, win-
dow width, +2,000 HU; window level,
+350 HU). The exact settings were indi-
vidualized for each patient on each scan-
ner. At least one set of images was tar-
geted to the affected body part.

MR Imaging Protocol

The MR examinations were performed
with 1.5-T units (GE Medical Systems).
Most patients were supine with their
arms at their sides and with the appropri-
ate body part as close as possible to the
center of the magnet during imaging.

A rapid, low-resolution localization se-
ries was obtained to define the region to
be imaged, which included the entire tu-
mor and associated major bone. Then, by
using the body coil, T1-weighted spin-
echo (SE) images of the entire bone were
obtained in the coronal, sagittal, or both
coronal and sagittal planes. Oblique axis
imaging was performed if the body part
being imaged could not be positioned par-
allel to the imager couch. The following
parameters were used: a repetition time of
300-600 msec and an echo time of 10-20
msec (300-600/10-20), 5-mm-thick sec-
tions, a 1-mm intersection gap, 192-256
phase-encoding steps, and two signals
acquired.

By using a local coil (or body coil for
pelvis or hip lesions), T1-weighted SE
(300-600/10-20) axial images that included
the entire lesion were then obtained with
192-256 phase-encoding steps and two
signals acquired. Sections were 5 mm thick
with a 1-mm intersection gap if the lesion
was smaller than 10 cm (as estimated from
physical inspection of the patient and the
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coronal or sagittal MR images) or 8-10 mm
thick with a 1.5-mm intersection gap if the
lesion was larger than 10 cm. Proton-den-
sity- and T2-weighted SE (2,000-2,500/20,
80) axial images of identical thicknesses
were obtained with 128 phase-encoding
steps and two signals acquired.

In the early phases of the study, in cases
of possible joint invasion, 3-mm-thick axial
proton-density— and T2-weighted SE im-
ages (2,000-2,500/20, 80) were obtained
through the joint with a 1-mm intersection
gap, 192 phase-encoding steps, and two
signals acquired. As noted above for CT,
this practice was discontinued because of
a perceived lack of clinical usefulness. For
all MR imaging sequences, the smallest
field of view was used that could encom-
pass the region to be imaged while allow-
ing a reasonable number of sections to be
obtained and an adequate signal-to-noise
ratio.

Several special software options were
used to decrease artifacts, including supe-
rior and inferior spatial presaturation
pulses and the no-phase-wrap and no-
frequency-wrap options. Fast SE images
were not obtained and fat saturation
pulses were not used because those were
not yet available to us when the trial be-
gan. Patients did not receive gadolinium-
based intravenous contrast material as
part of the protocol.

Each MR section was photographed by
using window width and level settings
that best allowed evaluation of soft tissues
and bones.

Quality Control

A quality control committee composed
of two radiologists (D.M.P., W.E.P.) peri-
odically reviewed all images from the four
institutions throughout the study. The
committee checked for image quality and
adherence to study protocols. Those im-
ages that were deemed to have deviated
substantially from the protocol parameters
or that were of poor technical quality were
designated as inevaluatable and were ex-
cluded from the final data analysis.

Patient Population

Three hundred sixty-seven patients
were enrolled in the study (213 male, 154
female; mean age, 40 years; age range,
6-89 years).

Fifty-one patients were excluded from
the final data analysis for various reasons:
22 because the final histopathologic diag-
nosis was benign, 11 for lack of both imag-
ing and histopathologic data, four for lack
of histopathologic data, and one because
imaging was not performed. Eight were
excluded because they did not undergo
surgery (because the patient was deemed
inoperable [n = 2], the patient refused sur-
gery [n = 2], the disease was deemed un-
resectable [n = 1], or other reasons [n =
3]). One patient was excluded because the
imaging was performed more than 4
weeks before surgery. Also, in 17 patients
CT and in 21 patients MR imaging had
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deviated substantially from the imaging
protocol or images were of unacceptable
technical quality according to the quality
control committee; those unacceptable
imaging studies were not used in the data
analysis. (Both CT and MR images were
unacceptable in four patients.)

Overall, 296 patients had acceptable CT
scans, 291 had acceptable MR images, 316
had acceptable CT or MR images, and 276
had acceptable CT and MR images. Of the
316 patients whose images were analyz-
able, 176 were male and 140 were female
patients; their mean age was 39 years (me-
dian, 37 years; range, 6-88 years). The
mean age of the 183 patients with primary
bone tumors and analyzable images was
31 years (median, 25 years; range, 6-78
years), and the mean age of the 133 pa-
tients with primary soft-tissue tumors and
analyzable images was 50 years (median,
50 years; range, 6-88 years). A total of 70
patients were aged 6-18 years (mean, 14
years; median, 15 years).

Interpretation of CT
and MR Images

Each institution identified a team of
four faculty radiologists who participated
in this study. All readers were interpreters
of both CT and MR images, except for one
reader at one institution who interpreted
only CT images. Many but not all readers
were musculoskeletal radiologists. Two
readers were selected (by a randomization
procedure administered by the American
College of Radiology) to independently
read the CT scans obtained in each patient
enrolled at their institution, and two oth-
ers to independently read the MR images.
Each reader had access to information
about the histopathologic type of the pri-
mary tumor (when known) but no infor-
mation about the clinical stage or the find-
ings of the other imaging modality.

Each CT and MR image was analyzed
(by using standard radiologic criteria) for
specific features that are relevant to the
local staging of musculoskeletal neo-
plasms: origin of tumor in bone versus soft
tissue; size and location of lesion; presence
and length of intramedullary bone tumor;
involvement of specific bones, muscles,
nerves, and blood vessels; intraarticular
extension; satellite lesions in soft tissue;
and bony skip lesions. The radiologists
were instructed to score each bone,
muscle, and joint for the presence or ab-
sence of tumor by using a sliding five-
point scale (0 = normal, 1 = probably nor-
mal, 2 = indeterminate, 3 = probably
abnormal, 4 = definitely abnormal) and to
assess each nerve and vessel by using a
three-point scale (yes, no, indeterminate).
Involvement of blood vessels and nerves
was considered present if the structure
was encased or invaded by tumor.

After the initial readings were com-
pleted for each modality, a separate “joint
reading” was performed to determine
whether information from one imaging
modality (eg, CT) improved the true-posi-
tive and true-negative assessments of the

other (eg, MR imaging). In this session,
one of the two CT scan readers and one of
the two MR image readers of a given case
together evaluated both studies, assessed
his or her original findings in view of the
results of the other modality, and then
completed a joint reading form that fo-
cused on the key assessments made dur-
ing the initial reading for the modality.

To assess interreader and interinstitu-
tional variability, the images of cases from
a given institution were reread by readers
at the other participating institutions. The
rereadings consisted of an abbreviated
version of the key assessments made dur-
ing the initial readings of the cases. The
rereading was accomplished by sending
images to the various institutions during
the course of the study; this was based on
the availability of those images at the
American College of Radiology (office in
Philadelphia, Pa). Readers at one of the
institutions were unable to reread a suffi-
cient number of such cases to allow inclu-
sion of that institution in the assessment
of variability; CT and MR images were re-
read at three of the other institutions (120,
153, or 180 pairs of examinations at each
institution). The images of all cases could
not be reread owing to time and person-
nel constraints.

Surgical Proof

Choice of surgical procedures was not
altered by using this protocol. Preopera-
tive CT and MR findings were available to
the surgeon (in conjunction with other
clinical factors) in the planning of each
patient’s surgical procedure. At the end of
an operation, the surgeon completed the
surgical data form, detailing the type of
procedure and any known areas of gross
tumor left in the patient. The surgeon also
tagged the resection specimen and alerted
the pathologist to the meaning of the vari-
ous tags to aid in appropriate orientation
of the specimen during histopathologic
examination.

Histopathologic Examination

Findings at histopathologic examination
of the surgical specimen constituted the
standard of reference against which the
imaging findings were assessed. The pa-
thologist described and processed the re-
sected specimens routinely, aided by the
specimen tags provided by the surgeon
for proper orientation of the specimen and
identification of relevant anatomic struc-
tures. The anatomic structures present
were described as normal tissue, abnormal
tissue without tumor present, or abnormal
tissue with tumor present.

For bone tumors, a cross-section of the
proximal margin of bone was cut with a
band saw. A longitudinal plane for sec-
tioning, which usually gives the most in-
formation, was selected to demonstrate
the extension of tumor into adjacent soft
tissue (if present), and a longitudinal sec-
tion (approximately 5 mm thick) parallel
to the first was cut with the band saw and
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submitted for histopathologic examination
after decalcification.

The three principal dimensions of the
tumor were determined. Muscles, joints,
and any other bones present in the speci-
men were assessed for presence of tumor.
Areas proximal and distal to the main tu-
mor mass were inspected for satellite tu-
mor nodules. Major blood vessels were
opened and examined, and fragments of
any thrombus seen were removed and
submitted for microscopic examination.
Major nerves, when present, were as-
sessed for encasement or invasion by tu-
mor. Multiple sections of the tumor and of
the various resection margins were stud-
ied by means of microscopic examination.

All sarcomas were classified according
to histopathologic type and grade of ma-
lignancy (low-grade or high-grade desig-
nation). The amount of necrosis within the
tumor was estimated.

No practical method could be devised to
assess interinstitutional variability in the
histopathologic assessment of the tumors
in this study. However, at the outset all
participating pathologists were instructed
by the lead pathologist (A.G.H.) in a stan-
dard histopathologic examination for this
protocol.

Data Analysis

The complete set of data elements in
each patient enrolled in the study were
detailed clinical, anatomic, and imaging
data collected on standard forms at the
following: initial (clinical) evaluation, first
reader CT evaluation, second reader CT
evaluation, first reader MR imaging evalu-
ation, second reader MR imaging evalua-
tion, joint CT and MR imaging reading,
interinstitutional CT reading, interinstitu-
tional MR reading, surgery, and histo-
pathologic analysis. The final surgery and
pathology reports, as well as the CT and
MR images, were submitted for each pa-
tient. The data forms were collated and
entered into a database by the American
College of Radiology (office in Philadel-
phia, Pa). Data analysis was performed at
the Department of Health Care Policy,
Harvard Medical School, Boston, Mass.

The CT and MR imaging determinations
of lesion size were each compared with
that of histopathologic analysis, as well as
with each other. The Wilcoxon signed
rank test (11) was used to test the hypoth-
esis that there was no difference in the
estimates of tumor length provided at CT,
MR imaging, and histopathologic analysis.
For the purpose of descriptive statistics,
imaging scores of 0, 1, and 2 were consid-
ered negative; 3 and 4 were considered
positive. Similarly, ratings of “no”” and
“indeterminate” were considered nega-
tive; “yes” was considered positive. The
histopathologic category of abnormal tis-
sue with no tumor present was combined
with the normal tissue category for com-
parison against imaging scores, because
the radiologists were instructed to score
structures only on the basis of the sus-
pected presence or absence of tumor.
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Because of the lack of precision in the
anatomic description of bone parts (such
as metaphysis and diaphysis), a matching
algorithm was developed to allow com-
parison between imaging and histopatho-
logic descriptions. Anatomic regions of
each bone were classified as neighboring
(ie, contiguous with) or not neighboring
(ie, not contiguous with) each of the other
portions of that bone. For example, the
lesser trochanter of the femur is a neigh-
bor of the intertrochanteric region but not
of the femoral head. A match between im-
aging and histopathologic analysis was
considered to occur if both agreed that no
tumor was present in a bone or if tumor
was rated as present in one or more iden-
tical, neighboring, or both identical and
neighboring regions of a bone. A mis-
match was considered to occur if imaging
and histopathologic findings disagreed on
whether any tumor was present in a spe-
cific bone, or if the lesion in bone pre-
dicted at imaging was not in the identical
or neighboring region as that of tumor
found in that bone at histopathologic
examination.

Agreement between imaging and
pathologic determinations of lesion length
(12) indirectly corroborates that the lesion
assessed was correctly localized. In addi-
tion, the location of the lesion shown at
imaging directs the surgeon to resect that
exact area.

Muscles were assessed individually on
the data forms but were then grouped as
follows during data analysis: arm or shoul-
der (deltoid, trapezius, pectoralis major
and minor, serratus anterior, teres major
and minor, latissimus dorsi, rhomboideus
major and minor, levator scapulae, supra-
spinatus, infraspinatus, subscapularis, bi-
ceps, brachialis, brachioradialis, coracobra-
chialis, and triceps), pelvis or hip (gluteus
minimus, medius, and maximus; psoas;
iliacus; iliopsoas; piriformis; obturator in-
ternus and externus; gemellus; and qua-
dratus femoris), thigh or knee (tensor fas-
cia latae; rectus femoris; vastus medialis,
lateralis, and intermedius; sartorius; graci-
lis; pectineus; adductor; biceps femoris;
semitendinosus; and semimembranosus),
and calf (tibialis anterior, extensor hallucis
longus, extensor digitorum longus, pero-
neus longus and brevis, gastrocnemius,
soleus, plantaris, popliteus, flexor digi-
torum longus, tibialis posterior, and flexor
hallucis longus). Grouping was performed
(a) to produce sufficient numbers of obser-
vations per group to allow meaningful
statistical analysis and (b) because a de-
tailed comparison of CT scans and MR im-
ages for each specific muscle likely would
be of little radiologic or clinical interest.

Receiver operating characteristic (ROC)
curves were constructed for all readers
combined for involvement of periosteum,
cortex, and medullary cavity of bones, as
well as for muscles grouped according to
anatomic regions. Because of the small
number of cases in which joints or major
nerves or vessels were involved by tumor
at histopathologic analysis, ROC curves
were not constructed for those findings.
Instead, sensitivity, specificity, positive

Table 1
Histologic Diagnoses of Primary
Tumors in 316 Analyzable Cases
Primary  Primary
Bone  Soft-Tissue
Tumor  Tumor
Diagnosis (n=183) (n=133)

Osteosarcoma 121 6
Chondrosarcoma 41 5
Malignant fibrous

histiocytoma 9 36
Liposarcoma 0 35
Synovial sarcoma 0 15
Leiomyosarcoma 3 10
Fibrosarcoma 2 5
Rhabdomyosarcoma 1 1
Hemangiopericy-

toma 1 1
Angiosarcoma 1 1
Anaplastic sarcoma 1 3
Neurosarcoma 0 -
Alveolar soft part

sarcoma 0 4
Epithelioid sarcoma 0 2
Other 3 4

and negative predictive values, and accu-
racy were calculated. The McNemar test
was used to compare the sensitivities and
specificities of CT and MR imaging for
those items not assessed with ROC curves
(11, pp 268-270). The areas under the ROC
curves were estimated by using the Wil-
coxon statistic (13). A nonparametric ap-
proach (14) was used to compare areas
under correlated ROC curves; the Bonfer-
roni correction was used to control for
multiple comparisons within each group
(15).

Interreader and interinstitutional vari-
abilities in the assessment of imaging stud-
ies were measured by comparing the ROC
curves for tumor involvement of bone and
of muscle for each of the readers and by
listing the ranges of areas under those
curves.

RESULTS
Bone Tumors

The final histopathologic diagnoses
in the 183 primary bone tumors are
listed in Table 1. The lesions were de-
termined to be high grade in 147 pa-
tients (80%), low grade in 34 (19%),
and unknown in two (1%).

Before presurgical imaging, 21 pa-
tients received preoperative radiation
therapy, 112 received chemotherapy,
and 11 received both. Twenty-one
patients underwent amputation: fore-
quarter (n = 2), hindquarter (n = 6),
above knee (n = 10), or below knee
(n = 3). In four patients, the surgeon
stated that the entire tumor was not
removed at surgery.

Osseous lesion location.—The pri-
mary bone tumors in the 183 patients
were located in the shoulder or arm
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Table 2

Primary Bone Tumors: Agreement between Assessments of Length of Intramedullary Tumor

Agreement (%) Absolute Value of Mean
Difference (cm) Difference (cm) Difference
Tumor Tumor (cm) = Standard

Comparison <2cm <5cm Median Range Median Range Deviation

CT versus pathology 67 (94 of 141) 89 (125 of 141) 1.5 0-11.0 0.5 —6.0-11.0 D ¥l b
MR imaging versus

pathology 69 (88 of 127) 88 (112 of 127) 1.5 0-129 0.2 -=129-11.0 Dt 3.3%

CT versus MR
imaging 72 (91 of 126) 89 (112 of 126) 1.3 0-10.9 0.0 -10.7-10.9 02 +33f

Note.—Tumor length was greater at CT than at pathologic analysis in 58% (82 of 141) of patients and greater at pathologic analysis than at CT in 32% (45 of
141) of patients. Tumor length was greater at MR imaging than at pathologic analysis in 53% (67 of 127) of patients and greater at pathologic analysis than at
MR imaging in 35% (44 of 127) of patients. Tumor length was greater at CT than at MR imaging in 49% (62 of 120) of patients and greater at MR imaging than

at CT in 40% (51 of 126) of patients.
* P < 001 (Wilcoxon signed rank test).
T P = 42 (Wilcoxon signed rank test).

(n = 31), pelvis or hip (n = 26), thigh
or knee (n = 82), or calf (n = 37);

or the location was unspecified
(n=7).

Osseous lesion size.—The primary
intramedullary component of the le-
sions ranged from 1.0 cm to 32.0 cm
(mean, 8.9 cm) in greatest dimension
at pathologic examination. Agree-
ments of intramedullary lesion length
assessments between CT, MR imag-
ing, and pathologic analysis are listed
in Table 2 and are based on data from
the primary reading performed at the
patient’s institution. The CT and MR
imaging measurements of the intra-
medullary tumor length each differed
significantly from the measurements
obtained at pathologic analysis (P <
.001 for both comparisons [Wilcoxon
signed rank test]); however, there was
no significant difference between
mean CT and MR imaging measure-
ments (P = .42). The length of the in-
tramedullary tumor tended to be
overestimated with both CT and MR
imaging compared with pathologic
measurement.

With data from the primary reading
at the patient’s institution and from
the rereadings performed at the other
institutions, the median difference
between the CT and MR imaging
measurements of length of intramed-
ullary neoplasm was 0.15 cm (range,
—9.3-8.3 cm); the mean difference
was 0.10 cm * 2.4 (+ standard devia-
tion) (P = .71).

Anatomic extent of bone tumor.—An
associated soft-tissue mass was pre-
sent in 114 cases. Twenty-six cases of
intraarticular extension were demon-
strated at histopathologic examina-
tion. At histopathologic examination,
tumor was found to involve major
vessels in six cases and major nerves
in three cases. Skip lesions (within
bone) were also infrequent; they were
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seen in seven cases at histopathologic
examination.

The observed sensitivity, specificity,
accuracy, and positive and negative
predictive values for bone, joint,
muscle, vessel, and nerve involve-
ment and for the presence of bony
skip lesions at CT and MR imaging
are presented in Table 3. The sensi-
tivities and accuracies of CT and of
MR imaging for bone involvement
generally were high, with lower
specificities. For both modalities, sen-
sitivities and specificities for joint in-
volvement were moderately high,
whereas sensitivities for skip lesions
and for nerve or vessel encasement or
invasion were low.

The results of ROC analysis for
bone and muscle involvement are
listed in Table 4; only those bones and
muscle groups with at least 40 obser-
vations are included. Overall, there
was no statistically significant differ-
ence between CT and MR imaging for
the assessment of bone and muscle
involvement. The two readings for
each modality did not show consis-
tently statistically significant differ-
ences, and the joint readings did not
statistically significantly change the
observed areas under the ROC
curves.

Soft-Tissue Tumors

The final histopathologic diagnoses
of the primary soft-tissue tumors in 133
patients are listed in Table 1. The lesions
were determined to be high grade in 102
patients (77%), low grade in 29 (22%),
and of unknown grade in two (1%).

Fifty patients received radiation
therapy before presurgical imaging,
34 received chemotherapy, and 24
received both. Eight patients under-
went amputation: hindquarter (n =
2), above knee (n = 3), and below

knee (n = 3). In two patients, the sur-
geon stated that the entire tumor was
not removed at surgery.

Soft-tissue lesion location.—The pri-
mary soft-tissue tumors in the 133 pa-
tients were located in the shoulder or
arm (n = 20), pelvis or hip (n = 17),
thigh or knee (n = 73), or calf (n = 21);
or the location was unspecified (n =
2). Lesions were located deep to the
deep fascia in 117 patients and were
superficial in 13 patients; the location
was unknown in three patients.

Soft-tissue lesion size.—The maxi-
mum dimension of the primary soft-
tissue mass ranged from 1.2 cm to 40.0
cm (mean, 11.6 cm) at pathologic ex-
amination. Agreements of maximum
lesion dimension assessments be-
tween CT, MR imaging, and patho-
logic analysis are listed in Table 5 and
are based on data from the primary
reading performed at the patient’s
institution. The CT and MR imaging
measurements of the maximum di-
mension of tumor were significantly
different from the measurements ob-
tained at pathologic analysis (P <
.001 and P = .002 [Wilcoxon signed
rank test]), as well as significantly dif-
ferent from each other (P = .02). The
maximum dimension of the tumor
tended to be overestimated with both
CT and MR imaging compared with
pathologic measurement.

By using data from readings at the
patient’s institution and from the re-
readings performed at the other insti-
tutions, the median difference be-
tween the CT and MR imaging
measurements of the maximum di-
mension of the soft-tissue masses was
0.5 cm (range, —17.3-12.0 cm); the
mean difference was 0.9 cm * 3.4
(P = .001).

Anatomic extent of soft-tissue tumor.—
At histopathologic examination, tu-
mor was found to involve bone in 12
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Table 3

Primary Bone Tumors: Descriptive Statistics for Bone, Joint, Muscle, Vessel, and Nerve Involvement and for Skip Lesions

CT MR Imaging
Sensitivity ~ Specificity =~ Accuracy PPV~ NPV Sensitivity  Specificity = Accuracy PPV~ NPV
Tumor Location (%)* (%)t %) (%) (%) (%)* (%)t (%) (%) (%)
Humerus
Periosteum 89 (19) 25(4) 78 85 33 100 (19) 40 (5) 88 86 100
Cortex 89 (19) 25 (4) 78 85 33 94 (18) 33(6) 79 81 67
Medullary cavity 95 (19) 75 (4) 91 95 75 94 (18) 50 (6) 83 85 75
Pelvis
Periosteum 100 (24) 98 (45) 99 96 100 88 (25) 89 (19) 89 92 85
Cortex 100 (26) 100 (43) 100 100 100 89 (27) 100 (17) 93 100 85
Medullary cavity 96 (24) 100 (45) 99 100 98 96 (25) 100 (19) 98 100 95
Femur
Periosteum 96 (57) 64 (39) 83 80 93 98 (52) 50 (36) 78 74 95
Cortex 97 (66) 70 (30) 89 88 91 100 (62) 56 (25) 87 85 100
Medullary cavity 96 (68) 75 (28) 90 90 88 94 (62) 68 (25) 86 88 81
Tibia
Periosteum 100 (24) 73 (26) 86 77 100 100 (23) 77 (22) 89 82 100
Cortex 100 (28) 86 (22) 94 90 100 96 (26) 89 (19) 93 93 94
Medullary cavity 96 (28) 96 (23) 96 96 96 92 (25) 90 (21) 91 92 90
Fibula
Periosteum 88 (8) 95 (19) 93 88 95 100 (7) 79 (14) 86 70 100
Cortex 100 (8) 89 (19) 93 80 100 100 (7) 86 (14) 90 78 100
Medullary cavity 100 (9) 100 (18) 100 100 100 88 (8) 100 (13) 95 100 93
Skip lesions 0(7)# 97 (151)* 93 0 95 14 (7)* 96 (139) 92 14 96
Intraarticular extension 67 (24)% 81 (135)% 79 39 93 70 (23)% 80 (124)+ 78 39 93
Muscles
Arm or shoulder 93 (14) 50 (16) 70 62 89 83(12) 47 (17) 62 53 80
Pelvis or hip 95 (19) 84 (76) 86 60 98 100 (19) 67 (36) 78 61 100
Thigh or knee 67 (24) 66 (93) 66 33 88 63 (24) 58 (83) 59 30 84
Calf 75 (16) 75 (52) 75 48 91 71(14) 81 (42) 79 56 89
Vessels 33 (6)* 95 (164)* 92 18 97 33 (6)* 93 (151)*% 91 17 97
Nerves 33 (3 95 (158)* 94 11 99 50 (2)* 93 (148)* 92 08 9
Note —NPV = negative predictive value, PPV = positive predictive value.
* Numbers in parentheses are true-positives + false-negatives. Differs from t in some instances because of excluded patients.
f Numbers in parentheses are true-negatives + false-positives, Differs from + in some instances because of excluded patients.
#P > .05 (McNemar test).
cases, major nerves in nine cases, and  soft tissues, but the specificities were DISCUSSION

major vessels in six cases. Three cases
of intraarticular extension were dem-
onstrated at histopathologic examina-
tion.

The observed sensitivity, specificity,
accuracy, and positive and negative
predictive values for muscle, bone,
joint, vessel, and nerve involvement
and for the presence of satellite le-
sions in soft tissues at CT and MR im-
aging are presented in Table 6. Sensi-
tivities, specificities, and accuracies of
CT and of MR imaging for bone in-
volvement and joint invasion were
high, with slightly lower specificities.
Sensitivities for vessel encasement or
invasion were moderately good (and
better than those for nerve involve-
ment), with high specificities, for both
imaging modalities. Although the
specificities of CT and MR imaging
for vessel and nerve involvement
reached statistical significance (P =
.02 and P = .04, respectively), the
power of these findings is limited by
the small number of observations on
which they are based. Both CT and
MR imaging were insensitive for
the detection of satellite lesions in
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high.

The results of ROC analysis for
muscle involvement are listed in
Table 7; only those muscle groups
with at least 40 observations are in-
cluded. Overall, there was no statisti-
cally significant difference between
CT and MR imaging for the assess-
ment of muscle involvement. The two
readings for each modality did not
show consistently statistically signifi-
cant differences, and the joint read-
ings did not statistically significantly
change the observed areas under the
ROC curves.

Interreader and Interinstitutional
Variability

The ranges of the areas under the
ROC curves for readers from the
three institutions that were included
in the assessment of variability are
presented in Table 8. The ranges were
similar for both CT and MR imaging.
A more detailed analysis of inter-
reader and interinstitutional variabil-
ity will be presented in a subsequent
report.

The findings of this study do not
support the prevailing wisdom that
MR imaging is better than CT for the
local staging of musculoskeletal neo-
plasms (16-24). Although the mar-
gins of musculoskeletal lesions often
are more conspicuous on MR images
than on CT scans because of the
higher contrast with surrounding
structures, our findings indicate that
high-quality CT scans (including im-
ages obtained with intravenous con-
trast material enhancement) provide
comparable information with regard
to the overall local extent of these tu-
mors. The prevailing wisdom may
reflect the lower image quality at-
tained with older CT scanners and
the failure to use intravenous con-
trast material.

It is possible that other important,
but less easily quantifiable, informa-
tion is gleaned by the surgeon from
MR images, particularly those ob-
tained in nonaxial planes, or that MR
imaging increases the surgeon’s confi-
dence in the preoperative staging
data, which results in a better patient
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Table 4

Primary Bone Tumors: ROC Analyses of Bone and Muscle Involvement with Tumor

CT

MR Imaging

Tumor Location First Reader

Joint Reading

First Reader Joint Reading

Pelvis
Periosteum
A, 0.99
95% CI 0.95-1.00
Prevalence (%) 35 (69)
Cortex
A, 1.00
95% CI 1.00-1.00
Prevalence (%) 38 (69)
Medullary cavity
A, 1.00
95% CI 1.00-1.00
Prevalence (%) 35 (69)
Femur
Periosteum
A, 0.83
95% CI 0.75-0.91
Prevalence (%) 59 (96)
Cortex
A, 0.83
95% CI 0.75-0.91
Prevalence (%) 69 (96)
Medullary cavity
A, 0.87
95% CI 0.80-0.94
Prevalence (%) 71 (96)
Tibia
Periosteum
A, 0.89
95% CI 0.78-1.00
Prevalence (%) 48 (50)
Cortex
A, 0.93
95% CI 0.85-1.00
Prevalence (%) 56 (50)
Medullary cavity
A, 0.96
95% CI 0.89-1.00
Prevalence (%) 55 (51)
Muscles
Pelvis or hip
A, 0.90
95% CI 0.81-1.00
Prevalence (%) 20 (95)
Thigh or knee
A, 0.73
95% CI 0.62-0.85
Prevalence (%) 21 (117)
Calf
A, 0.77
95% CI 0.63-0.90
Prevalence (%) 24 (68)

0.99 0.89 0.89
0.95-1.00 0.77-1.00 0.77-1.00
36 (59) 57 (44) 55 (38)
1.00 0.94 0.96
1.00-1.00 0.85-1.00 0.87-1.00
39 (59) 61 (44) 61 (38)
1.00 0.98 0.95
1.00-1.00 0.93-1.00 0.87-1.00
36 (67) 57 (44) 65 (37)
0.80 0.76 0.80
0.70-0.90 0.66-0.86 0.70-0.90
56 (78) 59 (88) 56 (77)
0.82 0.82 0.86
0.73-0.91 0.73-0.90 0.78-0.94
68 (78) 71(87) 69 (77)
0.87 0.82 0.88
0.80-0.95 0.74-0.91 0.80-0.95
71 (95) 71 (87) 65 (94)
0.88 0.90 0.91
0.75-1.00 0.80-1.00 0.80-1.00
50 (34) 51 (45) 51 (35)
0.93 0.95 0.93
0.84-1.00 0.87-1.00 0.84-1.00
56 (34) 58 (45) 57 (35)
0.94 0.91 0.88
0.84-1.00 0.81-1.00 0.76-1.00
56 (52) 54 (46) 57 (46)
0.88 0.84 0.81
0.77-1.00 0.70-0.97 0.66-0.97
20 (80) 35 (55) 36 (45)
0.72 0.67 0.65
0.58-0.85 0.54-0.79 0.50-0.80
19 (96) 22 (107) 18 (92)
0.79 0.79 0.83
0.63-0.94 0.66-0.93 0.67-0.98
23 (48) 25 (56) 23 (44)

Note.—A, = area under ROC curve, Cl = confidence interval. All P values were greater than .05
(DeLong method). Numbers in parentheses are the numbers of observations.

outcome; however, this study was not
designed to address these issues.

The CT and MR findings reported
to the surgeon introduce an element
of “work-up bias” by influencing, to
at least some degree, the surgical ap-
proach. At a minimum, the surgeon
generally excises areas suspected to
represent tumor on the images. Such
bias is inevitable, because it is impos-
sible (and unethical) to withhold such
information from the surgeon. How-
ever, the surgical procedure per-
formed is itself independent of the
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predictions of the preoperative imag-
ing tests, because the procedure is
continually modified on the basis of
the evolution of findings and events
during surgery.

Most structures deemed normal by
the radiologist will not be excised at
surgery and are thus unavailable for
histopathologic examination. This
potential verification bias cannot be
corrected by means of follow-up im-
aging in the context of this study, be-

cause patients with malignant muscu-

loskeletal neoplasms often receive

adjuvant (postoperative) chemo-
therapy, radiation therapy, or both
chemotherapy and radiation therapy.
The absence of tumor in a structure at
follow-up imaging therefore is not
proof that the tumor was not present
in that region before surgery and sub-
sequent therapy. Also, local recur-
rences of malignant musculoskeletal
tumors are common, and it is not pos-
sible to distinguish a local recurrence
that results from growth of micro-
scopic foci of tumor left behind at sur-
gery and gross tumor that was actu-
ally present (but not evident) at the
preoperative imaging study. For these
reasons, the surgeon’s assessment
that no gross tumor was left behind at
surgery was considered as a second-
ary standard of reference when struc-
tures were imaged but not excised.

Shortcomings of the primary stan-
dard of reference (ie, histopathologic
examination) must be noted. Even
pathologists who devote much of
their professional effort to studying
musculoskeletal neoplasms can have
great difficulty determining the exact
identities of individual muscles,
nerves, and blood vessels included in
a surgical specimen. The precise ori-
entation of the specimen may be un-
clear, especially after sectioning ob-
scures the normal anatomic landmarks,
and only small portions of muscles,
nerves, and blood vessels may be in-
cluded in the specimen. Moreover, the
presence of a large tumor mass can
markedly distort or mask normal ana-
tomic relationships.

To overcome these difficulties, pa-
thologists must rely heavily on the
anatomic information provided by the
surgeon. However, in some cases, the
tumor may completely obliterate the
normal regional anatomy for both
the surgeon and the pathologist. Al-
though this may be problematic in an
anatomy-based study such as this, the
standard histopathologic examina-
tions performed here reflect the high-
est level of clinical practice achievable
at this time.

It is at least theoretically possible
that CT, MR imaging, or both CT and
MR imaging are more precise than
histopathologic examination in the
local staging of musculoskeletal neo-
plasms. These (nondestructive) imag-
ing methods allow large numbers of
sections to be obtained in as many
planes as desired, which shows the
entire lesion in detail and within the
overall anatomic context. In contrast,
the pathologist is limited by practical
considerations in the number of tu-
mor sections that can be obtained and
analyzed (especially in large lesions);
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Table 5

Soft-Tissue Tumors: Agreement between Assessments of Maximum Dimension

Agreement (%)

Absolute Value of
Difference (cm)

Difference (cm)

Mean Difference

Tumor Tumor (cm) = Standard
Comparison <2cm <5cm Median Range Median Range Deviation
CT versus pathology 54 (63 of 116) 83 (96 of 116) 20 0-19 1.0 -13-19 20 + 46"
MR imaging versus
pathology 59 (70 of 119) 87 (103 of 119) 20 0-18 0.5 -9.5-18 1.1 +£37F
CT versus MR
imaging 58 (66 of 113) 86 (97 of 113) 1.5 0-205 0.5 -12-20.5 1.0 = 4.4%

Note—Maximum dimension was greater at CT than at pathologic analysis in 66% (76 of 116) of patients and greater at pathologic analysis than at CT in 28%
(32 of 116) of patients. Maximum dimension was greater at MR imaging than at pathologic analysis in 62% (74 of 119) of patients and greater at pathologic

analysis than at MR imaging in 33% (39 of 119) of patients. Maximum dimension was greater at CT than at MR imaging in 55% (62 of 113) of patients and

greater at MR imaging than at CT in 34% (38 of 113) of patients.

* P < 001 (Wilcoxon signed rank test).
T P = 002 (Wilcoxon signed rank test).
# P = .02 (Wilcoxon signed rank test).

Table 6
Primary Soft-Tissue Tumors: Descriptive Statistics for Muscle, Bone, Joint, Vessel, and Nerve Involvement and Presence
of Satellite Lesions
CT MR Imaging
Tumor
Location Sensitivity*  Specificity’ = Accuracy PPV NPV Sensitivity*  Specificity®  Accuracy PPV~ NPV
Muscles
Arm or shoulder 100 (14) 67 (3) 94 93 100 92(13) 50 (4) 82 86 67
Pelvis or hip 88 (8) 76 (72) 78 29 98 89 (9) 77 (56) 78 38 98
Thigh or knee 96 (51) 49 (35) 77 73 89 96 (54) 38 (37) 73 69 88
Calf 87 (15) 74 (19) 79 72 88 73 (15) 77 (13) 75 79 71
Bones
Periosteum 90 (10) 80 (60) 81 43 98 90 (10) 82 (60) 83 45 98
Cortex 90 (10) 83 (60) 84 47 98 90 (10) 88 (60) 89 56 98
Medullary cavity 100 (6) 91 (64) 91 50 100 100 (6) 89 (64) 90 46 100
Intraarticular extension 100 (2)F 98 (113)% 98 50 100 100 (3% 97 (104)* 97 50 100
Vessels 67 (6)F 91 (116)% 89 27 98 33 (6)F 84 (119)% 82 10 96
Nerves 38 (8)* 92 (109) 88 25 95 11 (9)% 85 (110) 79 06 92
Satellite lesions 14 (7)% 98 (112)% 93 33 95 29 (7)} 97 (113) 93 40 96

Note—NPV = negative predictive value, PPV = positive predictive value.
* Numbers in parentheses are true-positives + false-negatives. Differs from t in some instances because of excluded patients.
T Numbers in parentheses are true-negatives + false-positives. Differs from  in some instances because of excluded patients.

+P > 05 (McNemar test).
§ P = .02 (McNemar Test).
I P = 04 (McNemar Test).

the failure to section a tumor-bearing
portion of a surgical specimen can
cause a false-positive imaging result.
Currently, no other reliable standard
of reference exists to prove whether
these imaging studies are better than
histopathologic examination in the
local staging of tumor.

The participating pathologists were
not asked to distinguish between mi-
croscopic and macroscopic foci of tu-
mor. Thus, this study cannot deter-
mine what proportion of the apparently
false-negative imaging assessments was
due to the presence of only micro-
scopic foci of tumor.

The size and shape of some soft-
tissue tumor masses can change after
surgical resection, which leads to dis-
crepancies in the assessment of maxi-
mum dimension with imaging and
pathologic examination. For example,
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a large mass may be elongated be-
tween muscles in situ but may assume
a more rounded configuration after
resection. Similarly, the cystic compo-
nent of a resected soft-tissue mass
may rupture or leak fluid before it is
measured in the pathology labora-
tory, which results in a smaller mea-
surement at pathologic examination
than at imaging. Discrepancies in
measurements of lesion size also may
be partly due to differences in the tu-
mor axes selected for measurement,
despite standard instructions. These
factors may have accounted for the
greater discrepancies between imag-
ing and pathologic assessments of
soft-tissue tumor size as compared
with the assessments of intramedul-
lary tumor length. Because of the
complex configurations of many tu-
mors, it was not possible to provide

instructions in anticipation of all pos-
sible circumstances.

The prevalence of skip lesions in
bone has been reported to be as high
as 25% in patients with osteosarcoma
(25), but others have found skip le-
sions to be uncommon (26). In this
study, it is notable that skip lesions
were seen at histopathologic exami-
nation in only seven (3.8%) of the 183
patients with primary bone tumors
and that the sensitivity of imaging for
skip lesions was extremely low. How-
ever, because the sensitivity was based
on only seven true-positive cases, the
result must be regarded as tentative
pending assessment of a larger num-
ber of patients with skip lesions.

Tumor encasement or direct inva-
sion of major blood vessels or nerves
was similarly uncommon in this study
(in 3.3% or 1.1%, respectively, of the
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Table 7

Primary Soft-Tissue Tumors: ROC Analyses of Muscle Involvement

C1

MR Imaging

Tumor Location First Reader

Joint Reading

First Reader Joint Reading

Pelvis or hip

A (.88 0.91 (.88 0.90
95% Cl 0.72-1.00 0.74-1.00 0.72-1.00 0.73-1.00
Prevalence (%) 10 (80) 10 (70) 14 (65) 14 (56)
Thigh or knee
A 0.72 0.73 0.71 0.78
95% Cl 0.62-0.83 0.62-0.84 0.60-0.81 0.68-0.89
Prevalence (%) 59 (86) 59 (76) 59 (91) 58 (79)
Note.—A, = area under ROC curve; Cl = confidence interval. All P values were greater than .05
(DeLong method). Numbers in parentheses are the numbers of observations.
Table 8
Interreader Variability: Ranges of Areas under ROC Curves for Readers at Three
Institutions
Primary Bone Tumor Primary Soft-Tissue Tumor
Tumor Location CT MR Imaging 1 MR Imaging
Bones
Cortex 0.81-0.94 0.77-0.96
Medullary cavity 0.80-1.00 0.79-0.95 : e
Muscles 0.62-0.83 0.59-0.81 0.61-0.85 0.53-0.81

patients with bone tumors and in
4.5% or 6.8%, respectively, of the pa-
tients with soft-tissue tumors). In
view of the difficulties inherent in
distinguishing mere contact and dis-
placement from actual encasement or
invasion of neurovascular structures
at imaging, this low prevalence of ac-
tual encasement or invasion will yield
false-negative and false-positive inter-
pretations, which result in lower im-
aging accuracy in clinical practice un-
less obvious gross tumor encasement
is demonstrated.

The readers were given the unen-
hanced and contrast-enhanced CT
images together for interpretation. No
attempt was made to compare those
images during the study. However, a
secondary project in which these
cases are being used is in progress to
determine whether the unenhanced
images are beneficial.

The particular imaging techniques
used during this 4-year study did not
include some newer MR imaging
pulse sequences and imaging options.
For example, the fast SE MR imaging
sequence produces T2-weighted im-
ages in less time than required for
conventional T2-weighted sequences,
and fat-selective suppression pulses
are now available (27). Also, fast gra-
dient-echo sequences can be used to
obtain dynamic contrast-enhanced
T1-weighted images. However, it is
not clear whether further accentua-
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tion of the contrast between tumor
and normal tissue will improve the
ability to distinguish between contact
and invasion. MR angiography could
be used to produce more detailed im-
ages of blood vessels located near a
tumor. Similarly, helical (spiral) tech-
nology now allows high-quality mul-
tiplanar reformations to be produced
with CT, which might improve the
acceptability of CT images to referring
clinicians and possibly the ability to
depict tumorous encasement of blood
vessels with CT.

The distinction between soft-tissue
tumor mass and adjacent edema or
reactive changes in muscle can be
difficult at CT and MR imaging. Dy-
namic contrast-enhanced MR imaging
has been reported to facilitate that
distinction (28-30), although gadolin-
ium-based contrast material adminis-
tration was not helpful in the defini-
tion of tumor margins of osteosarcoma
at nondynamic MR imaging in a differ-
ent study (31). No MR imaging contrast
material was used in our study. Short
inversion time inversion-recovery imag-
ing is more sensitive to the presence of
edema but may lead to an overestima-
tion of tumor extent (32). Moreover, un-
til recent modifications of the pulse se-
quence were made available, short
inversion time inversion-recovery im-
aging required long amounts of time
to produce small numbers of images.
Again, it is not clear whether these

newer MR imaging techniques im-
prove the ability to assess the local
stage of a musculoskeletal neoplasm.

Another limitation of the study is
that a multitude of histopathologic
types of tumors were separated into
only two categories (soft-tissue and
bone primary lesions), despite the differ-
ent imaging features and biologic be-
havior of some of those tumors (eg, ma-
lignant fibrous histiocytoma vs well-
differentiated liposarcoma). Further
stratification would have led to small
numbers of observations in a multitude
of categories, which would have pre-
cluded meaningful statistical analysis.

Many of the patients received ra-
diation therapy, chemotherapy, or
both before definitive surgical resec-
tion. In such cases, both the CT and
MR imaging examinations for this
study were performed after such
therapy was completed to allow com-
parison of the imaging findings with
the results of subsequent histopatho-
logic examination. The pretherapy
imaging findings in those cases, al-
though important in planning the
patient’s initial therapy, were not di-
rectly assessed in our study. Never-
theless, surgeons rely primarily on
posttherapy imaging to guide the
subsequent definitive surgical proce-
dure; thus, our study did reflect
actual clinical practice.

Overall, our results are generaliz-
able to many radiology practices. The
distribution of histopathologic types
of tumors seen in this study reflects
the overall prevalences of the various
malignant musculoskeletal tumors.
The CT and MR imaging equipment,
imaging techniques, and methods of
histopathologic examination used are
widely available. The readers in this
study largely reflect the faculty that
might be encountered in academic
centers where many musculoskeletal
neoplasms are evaluated and treated.

The results of this multi-institu-
tional collaborative study show that
CT and MR imaging provide compa-
rable information relevant to preop-
erative local staging of primary malig
nant musculoskeletal neoplasms
located in the anatomic sites studied.
No objective benefit was shown for a
combined reading of both studies.
Interreader variability was similar for
both modalities. Factors such as rela-
tive costs and availability of these im-
aging modalities, ability of a given
patient to tolerate intravenous con-
trast material for CT scanning or to
undergo MR imaging, and physician
preferences will influence whether
CT or MR imaging is performed in an
individual patient. m
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