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Imaging for Spine Tumors and New Applications
Courtnay W. Bloomer, MD, Andrew Ackerman, MD, and Rita G. Bhatia, MD

Objectives: Discuss intramedullary, intradural/extramedullary, and
extradural spinal tumors including imaging characteristics with
emphasis on MR and advances in treatment.

Methods: Literature and institutional review.

Results: Spinal tumors: intramedullary, intradural/extramedullary,
and extradural, comprise a wide range of histological tumors with an
even wider range of clinical symptoms and prognostic features. They
are relatively rare and if left untreated, can cause serious neu-
rological deficits and disability. An accurate diagnosis is therefore
crucial in determining prognosis and directing therapy. Magnetic
resonance imaging (MRI) has revolutionized the diagnosis of
intraspinal tumors, allowing for early detection and improved
anatomical localization. Magnetic resonance has also become an
integral part in staging of both primary and metastatic neoplasms of
the spine for guiding therapy and is an excellent modality for follow-
up. Advances in MRI (perfusion and molecular imaging) may help
refine and describe these neoplasms for accurate treatment and
prognosis in the future. Surveillance protocols and role of magnetic
resonance are not well established.

Conclusions: Magnetic resonance plays an integral role in evalua-
tion of spinal tumors with increasing role in staging and treatment.

Key Words: spinal tumors, MRI, diagnosis, staging
(Top Magn Reson Imaging 2006;17:69-87)

reat advances in radiological imaging of spinal tumors
have occurred over the past 20 years: imaging is now a
crucial component in diagnosis and treatment planning.

A variety of imaging modalities are now widely
available; computed tomography (CT) and magnetic reso-
nance (MR) are the most helpful imaging tools for early
detection of a spinal tumor. Magnetic resonance is often used
as the primary diagnostic imaging tool and is the preoperative
study of choice.! Computed tomography and 3-dimensional
modality/high-quality multiplanar reformatting capabilities
are the most useful modality for surgical planning.

The need for biopsy may be obviated because of
increasingly accurate preoperative histological diagnosis by
MR. Magnetic resonance imaging (MRI) and histological
diagnoses are concordant 70% of time.> Newer trends include
intraoperative imaging with MR to immediately assess
margins. Conventional and CT myelography have been largely
replaced by MRI and should be reserved for patients who are
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not candidates for MR. The role of angiography is mainly
limited to diagnosis and preoperative embolization of spinal
vascular malformations or hypervascular spinal tumors.

Staging

Staging of spinal tumors, such as musculoskeletal
lesions, is based on clinical and histology as well as imaging
characteristics. Magnetic resonance is crucial in evaluation
and diagnosis.> One of the first staging systems adopted by
the Musculoskeletal Tumor Society and American Joint
Committee for Cancer Staging and End Results Reporting
was derived from Enneking et al.*> The Enneking staging
system declared that standard treatments (surgical and
adjuvant therapies) should be implemented on the basis of
risk of local recurrence and metastasis. The Weinstein-
Boriani-Biagini system further characterized particular
lesions on a number of factors including the radiographic
grade, angiogram, and CT scan.® Magnetic resonance
imaging both aides in diagnosis and complements the staging
system.” “The World Health Organization’s (WHO’s)
classification of tumors of the nervous system”® classifies
neoplasms of the central nervous system including spinal
tumors using the premise that various tumors results from the
abnormal growth of specific cell types. The malignancy of a
tumor correlates with basic cell type; tumor classification
guides in the choice of therapy and predicts prognosis.

Spinal tumors may conveniently be grouped into
categories as determined by the neoplasm’s location and
histology. A variety of “pseudotumors” or benign conditions
exist that mimic tumors of the spinal axis; awareness and
knowledge of these tumors is important to avoid unnecessary
biopsy. A full discussion on “pseudotumors” of the spine is
outside the scope of this paper. Intramedullary, intradural
extramedullary, and extradural tumors demand tailored
treatment which may vary dependent on age, patient’s desires
and institution.

MATERIALS AND METHODS
Imaging Techniques

Plain Film Radiography

Plain film radiographs are usually included in the initial
evaluation of patients with spinal tumors, providing informa-
tion about osseous anatomy: alignment, bone matrix, bone
destruction, sclerosis, and demineralization. Early lesions
may be hard to detect; 30% to 50% of trabecular bone must be
lost for a vertebral lesion to be evident on a plain radiograph.’

The benign or malignant nature of the lesion may be
inferred from the pattern of bony destruction. Geographic
patterns of bone destruction suggest a slowly expanding
lesion, typically benign; more rapidly growing tumors
produce a moth-eaten appearance; and highly malignant,
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aggressive lesions produce a permeative pattern of destruc-
tion and wide zone of transition."

Long-standing tumors may demonstrate an enlarged
spinal canal with scalloping of the vertebral bodies, pedicle
erosion, and thinning of the lamina. For example, scoliosis is
common in children with neurofibromatosis type 1 (NF-1) or
astrocytomas; the apex of the curvature is frequently to the
left rather than the right as is more commonly seen in
idiopathic scoliosis.'!

Scintigraphy

The most sensitive , albeit nonspecific, test for detecting
bone lesions such as primary and metastatic tumors, infections,
and fractures is the technetium 99m bone scan. Technetium
scans are sensitive to an area of increased osteoid formation
and can detect lesions as small as 2 mm, whether in trabecular
or cortical bone. These abnormalities must be correlated to
more specific imaging modalities. Whole-body scintigraphy is
possible for screening and is advantageous over CT or MR.
Magnetic resonance is, however, more sensitive than scintig-
raphy for detecting disease within the vertebral medullary
space. F18—fluorodeoxyglucose positron emission tomography
can detect, stage malignant lesions and monitor tumor
recurrences and may accurately detect metastases more often
than conventional bone scintigraphy.

Computed Tomography

Computed tomography is highly sensitive to alterations
in bone mineralization and is particularly useful in evaluating
cortical bone, for identifying pathological fractures and
demonstrating the bony matrix of primary osseous tumors.
It is more reliable than plain radiographs in demonstrating
bony involvement. The introduction of multidetector CT and
high-quality multiplanar reformatting routinely used in spinal
imaging has greatly improved diagnostic accuracy. Multi-
detector computed tomography can detect early trabecular
destruction and has been found to be more accurate than MR
in the detection of myeloma involvement in the spine.'?

Magnetic Resonance Imaging

Magnetic resonance imaging has become the imaging
modality of choice for evaluation of tumors of the spine.
Superb contrast sensitivity and multiplanar capabilities
makes MRI an ideal modality for the evaluation of spinal
contents, localizing lesions and greatly assisting in preopera-
tive planning. Contrast-enhanced MR defines the relationship
of the tumor to the spinal cord, nerve roots and thecal sac,
differentiating tumor from peritumoral edema and cysts,
determining tumor extent, and evaluating intrinsic cord signal
abnormalities.

For evaluation of the spinal cord, both T1-weighted image
(T1WI) and T2-weighted image (T2WI) should be obtained in
the axial and sagittal planes. T1-weighted images should be
performed precontrast and postcontrast. Coronal imaging is
particularly useful in laterally located or multilevel lesions.

Gradient-recalled echo (GRE) sequences are more
sensitive in detecting hemorrhage and are especially useful
in the setting of trauma. The short-time inversion recovery
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(STIR) sequence is excellent for evaluating marrow and soft
tissue edema, tumor, and intramedullary cord lesions.

Magnetic resonance myelography gives images similar
to those obtained by conventional myelography and is a very
heavily weighted T2-weighted sequence and produces high
signal from cerebrospinal fluid (CSF).

Diffusion-weighted imaging and MR spectroscopy of
the spinal cord remain technically difficult. Several limitations
include the small size of the cervical cord, susceptibility
artifacts, and the need for a large voxel size to obtain sufficient
signal. Recently, diffusion weighted imaging has been applied
to the spine to distinguish benign from pathological vertebral
compression with promising results.'>~'* Clinical application for
diffusion tensor imaging and MR spectroscopy in the evaluation
of spinal tumors, however, remains for the future.

RESULTS

Spinal Tumors can conveniently be grouped into
categories as determined by the neoplasm’s location as
intramedullary, intradural/extramedullary, and extradural
(osseous) by location and histology.

Classification
A. Intramedullary tumors
Ependymoma
Astrocytoma
Ganglioglioma
Hemangioblastoma
Lymphoma
Metastases
Rare tumors—Ilipoma, glioblastoma multiforme, primitive
neuroectodermal tumor (PNET), melanoma, germ cell
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. Intradural/extramedullary tumors
Nerve sheath tumors
Meningioma
Paragangliomas
Developmental lesions (lipoma and dermoid/epidermoid
cysts)
5. Metastasis
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C. Extradural
1. Benign
a. Hemangioma
b. Osteoid osteoma, osteoblastoma
¢. Aneurysmal bone cysts
d. Giant cell tumors (GCTs)
e. Osteochondroma
2. Malignant
a. Chordomas
b. Chondrosarcoma
c. Osteosarcoma
d. Ewing Sarcoma/PNET
e. Metastasis

Intramedullary Tumors
Intramedullary spinal cord tumors account for approxi-
mately 25% of spine tumors. Most (90% to 95%) of the
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intramedullary tumors are malignant and predominantly
composed of glial components. Ependymomas are the most
common type in adults and astrocytomas in children.
Astrocytomas are more frequent in the cervical and the
thoracic regions, whereas ependymomas are commonly seen
in the region of the conus medullaris, filum terminale, and
cauda equina. Symptoms are usually insidious. The neurofi-
bromatosis type 2 (NF-2) patients are at risk for developing
intraspinal tumors and may have intramedullary ependymo-
mas in addition to schwannomas and meningiomas. Intramed-
ullary neoplasms are less commonly encountered in NF-1
patients, and they are usually astrocytomas.

Magnetic resonance is the modality of choice in the
evaluation of a spinal cord tumor. Spinal cord expansion is the
sine qua non of intramedullary tumors. Contrast-enhanced
images are important to define the extent of disease and are
particularly useful in distinguishing associated “benign” cysts
and syrinx from neoplastic involvement. Contrast can help
guide biopsy to more active, enhancing parts of the lesion and is
essential for postoperative follow-up. Rostral or caudal cysts
are commonly associated with intramedullary neoplasms, are
considered to be reactive and do not enhance. Intraoperative
ultrasound has been used to distinguish solid tumor from these
cysts. The reactive cysts are aspirated at the time of resection
and commonly resolve after tumor resection. Tumoral cysts, on
the other hand, are smaller and irregular with peripheral
enhancement and should be excised with the primary tumor.

Tumors associated with a syrinx are usually ependy-
momas and hemangioblastomas. Altered CSF flow dynamics
account for the syrinx. The syrinx is usually at the superior
end of the tumor and displaces rather than infiltrates the spinal
cord. It resolves spontaneously after surgery.

Ependymomas

Ependymomas represent approximately 60% of all glial-
based tumors of the spinal cord and filum terminale. Spinal
ependymomas are slow-growing tumors that arise from

.

FIGURE 1. Ependymomas subtypes. A-B, Cellular, the most common subtype. Multiple homogenous and heterogenous

ependymal cells lining the central canal or from ependymal
rests present in the filum terminale or sacral regions. They are
usually well circumscribed and do not infiltrate adjacent cord
tissue. Cyst formation and hemorrhage is common, especially
at the tumor margins. Hemorrhage and calcification are more
common than in astrocytomas. The incidence of polar and
tumoral cysts is, however, similar to that of other intramedul-
lary tumors and is not a distinguishing feature.

Most of the ependymomas occur in the lumbosacral
region but any segment of the spinal cord may be involved.
They comprise at least 6 histological subtypes. The most
common and classic is the cellular variety, and this is most
frequently in the cervical spine. Others include epithelial,
tanycytic, myxopapillary, malignant, and melanotic (the least
common) types (Fig. 1A—F). More than 1 histological subtype
can exist in the same mass. The myxopapillary subtype tends to
occur in the filum terminale as a lesion in the cauda equina, and
they have a greater tendency to bleed which may lead to
subarachnoid hemorrhage. Subependymomas arise from tany-
cytes bridging the pial and ependymal layers and are a low-
grade, WHO I lesion (Fig. 2A, B).'*'” There is an association
between NF-2 and intramedullary ependymomas.'®

Imaging Features

Intramedullary ependymomas tend to be centrally
located with sharp margins, unlike astrocytomas which tend
to be eccentric and more infiltrative. On T1WIs, ependymo-
mas may be hypointense or isointense to spinal cord and are
hyperintense on T2WIs. Myxopapillary ependymomas can be
hyperintense on T1 because of mucin content or hemorrhage.
Signal heterogeneity may be due to areas of cystic
degeneration or hemorrhage. Sometimes, dark caps are seen
that are triangular shaped with a hypointense rim on T2WIs at
the rostral and caudal tumor margins. The rim represents
hemosiderin deposition and has been found to correspond to a
pseudocapsule at surgery (Fig. 3A, B). Contrast is also helpful
in visualizing intratumoral cysts because enhancement will be

intradural enhancing lesions are noted. C-D, Tanycytic variety. Large exophytic mass with proximal reactive cyst. E-F,
Myxopapillary subtype. Focal oval-shaped, enhancing mass in the filum terminale.
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