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Abstract Primary tumors of the
spine are relatively infrequent le-
sions compared with metastatic dis-
ease, multiple myeloma, and lym-
phoma. A wide variety of benign 
and malignant neoplasms can in-
volve the spine. The imaging fea-
tures of these lesions are often char-
acteristic. We present an overview of
the imaging modalities in primary
tumors of the spine in order to pro-
vide a useful tool in current radio-
logic practice. The role of CT and
MRI is discussed.
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Imaging of primary bone tumors of the spine

Introduction

Primary tumors of the spine are uncommon, representing
less than 5% of all bone neoplasms [1].

In this article we discuss and illustrate the most com-
mon benign and malignant primary neoplasms of the
spine, including osteoid osteoma, osteoblastoma, osteo-
sarcoma, osteochondroma, chondrosarcoama, malignant
fibrous histiocytoma, giant cell tumor, plasmocytoma,
Ewing’s sarcoma, chordoma, hemangioma, aneurysmal
bone cyst, and eosinophilic granuloma (Table 1).

Osteoid osteoma

Osteoid osteoma is a common benign tumor which con-
stitutes 10% of all benign bone tumors. One of the sites
of predilection of osteoid osteoma is the vertebral col-
umn (13%) [2]. The majority of spinal osteoid osteomas
(75%) are located in the posterior elements of the verte-
bra (pedicles, articular facets, and laminae) and only 7%
are in the vertebral body [3].

Most cases of osteoid osteomas present between the
ages of 5 and 25 years. The typical patient is a teenager
complaining of dull pain, worse at night, which often
disappears after administration of salicylates. Scoliosis
concave to the side of the tumor is a prominent feature.
Osteoid osteoma consists of a well-vascularized nidus of
connective tissue, and trabeculae of osteoid and calcified
bone surrounded by osteoblasts [2]. Bone scintigraphy
demonstrates marked increased uptake by osteoid osteo-
ma nidus. Occasionally, a more distinct double-intensity
pattern is apparent with central high degree of radionu-
clide uptakes surrounded by less intense zone of tracer
accumulation corresponding to nidus and osseous reac-
tion [4]. The classic radiographic appearance of osteoid
osteoma is a round to oval, discrete radiolucent area
(representing the nidus), with variable surrounding scle-
rosis. On CT, a mineralized center is seen within a well-
defined osteolytic lesion surrounded by reactive sclerosis
(Fig. 1a). On MR imaging the nidus is low to intermedi-
ate signal intensity on T1-weighted images and interme-
diate to high signal on T2-weighted images. Post-con-
trast MRI shows enhancement of the lesion. Areas of
calcification have low signal intensity on both T1 and T2
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Table 1 Primary bone tumors of the spine

Lesion Patient age Location in vertebra Gross histologic features Imaging features

Osteoid osteoma Second Posterior elements Vascularized connective Radio lucent nidus with surrounding 
decade (75%) tissue nidus surrounded sclerosis rarely extended to vertebral 

by reactive cortical bone body, epidural or paraspinal spaces
Vertebral body 7%
Lumbar 59%, cervical 27%
Thoracic 12%, sacral 2%

Osteoblastoma Second to Posterior elements Osteoid-producing Expansile destructive lesion 
third decade neoplasms partially calcified

Equally distributed in the Common extension 
cervical, thoracic, to vertebral body
and lumbar segments

Osteosarcoma Fourth decade Vertebral body Osteoid within Osteosclerotic and osteolytic areas 
sarcomatous tissue with soft tissue component; common 

extension to posterior elements
Lumbosacral region

Osteochondroma Third decade Exclusively to posterior Cartilage cap with Continuity of the lesion with marrow 
elements normal bone component and cortex of the underlying bone
Predilection 
for spinous process
Cervical spine

Chondrosarcoma Fifth decade Predilection for Hyaline cartilage with Bone destruction with characteristic 
vertebral body increased cellularity punctate calcifications

within myxoid matrix
Thoracic region

Malignant fibrous Second to Vertebral body Mixture of histiocytes, Lytic lesion with low signal on 
histiocytoma eighth decade fibroblasts, and primitive T1-weighted and high signal on 

mesenchymal cells T2-weighted images

Giant cell tumor Third decade Vertebral body Osteoclastic giant Osteolytic geographic area with 
Sacrum cells intermixed with soft tissue component

spindle cell

Plasmocytoma >40 years old Vertebral body Sheets of plasma cells on Radiolucent areas or reduction
a delicate reticular stroma in bone density

Thoracic and lumbar spine Hypointense on T1-weighted and 
hyperintense on T2-weighted images

Ewing’s sarcoma 10–30 years Vertebral body Sheets of round cells Lytic lesion, associated soft tissue mass
Lumbosacral spine

Chordoma Middle-aged Exclusively affects y Lobulated mass with Destructive midline expansile lesion 
patients vertebral bod mucinous containing cells with associated soft tissue mass

Sacrococcygeal 50–60% Extension to adjacent vertebra
Sphenooccipital 25–35%

Hemangiomas Any age Vertebral body Vascular spaces lined Vertical parallel densities
by endothelial cells

Peak fourth Lower thoracic–upper Spotted appearance on CT
decade lumbar regions

High signal on T1-weighted and 
T2-weighted images
Involvement of posterior elements

Aneurysmal Young patients Posterior osseous Cystic spaces containing Lytic expansile lesion with 
bone cyst elements 60% blood products fluid–fluid levels

Less than Vertebral body 40% Involvement of contiguous vertebrae
20 years

Thoracic lumbar

Langerhans cell First, second Vertebral body Sheets of Langerhans Lytic lesion of vertebral body 
histiocytosis decades cells, lymphocytes, leading to collapse

and eosinophils
Rarely posterior elements
Thoracic
Rarely lumbar, cervical



images (Fig. 1b). Although soft tissue extension is not a
characteristic feature of osteoid osteoma, para-osseous
reactive mass may be seen [5]. The histologic differen-
tial diagnosis includes osteoblastoma which is a lytic ex-
pansile lesion larger than 1.5 cm in diameter, and the ra-
diographic differential diagnosis includes osteomyelitis
(Brodie’s abscess) which has a history of chronic inflam-
matory process and enostosis which is an asymptomatic
lesion. Standard therapy is surgical removal of the entire
nidus.

Osteoblastoma

Osteoblastomas are rare benign primary bone tumors
that are histologically similar to osteoid osteoma. These
tumors occur in the second and third decades of life. Os-
teoblastoma most frequently involves the posterior verte-
bral elements, although extension into the vertebral body
is also common. Patients may complain of a dull, local-
ized pain for more than 1 year before diagnosis. Unlike
osteoid osteoma, which is confined and self-limited, os-
teoblastoma may show expansile behavior with epidural
and paraspinal spread [4, 6]. Pathologically, osteoblasto-

ma is an osteoid-producing neoplasm that histologically
is similar to osteoid osteoma. The typical osteoblastoma
is larger than 1.5–2.0 cm in diameter. Plain radiographic
findings in osteoblastoma usually demonstrate an ex-
pansile destructive lesion that is partially or extensively
calcified or ossified and arises from the posterior ele-
ments (Fig. 2a). On CT lucent areas of geographic bone
destruction corresponding to replacement of bone by
nonmineralized tumor osteoid are seen (Fig. 2b). Cloudy,
flocculent or ring-like mineralization corresponds to the
formation of tumor bone (Fig. 3) [7]. The MR imaging
appearance of osteoblastoma is nonspecific, with low 
to intermediate signal intensity seen on T1-weighted im-
ages and intermediate to high signal intensity seen on
T2-weighted images (Fig. 2c, d) [8]. The differential di-
agnosis of osteoblastoma includes osteoid osteoma,
which is usually smaller; features more reactive bone
and may have a characteristic pain pattern. Aneurysmal
bone cyst, which may be larger and more lytic in appear-
ance, giant cell tumor, Ewing’s sarcoma, chondrosarco-
ma, as well as fibrous dysplasia may also be candidates
[2]. 

Osteosarcoma

Osteosarcoma of the spine is rare, accounting for
0.6–3.2% of all osteosarcomas and 5% of all primary
malignant tumors of the spine. The peak incidence of
spinal osteosarcoma is the fourth decade, it occurs in
males more frequently than in females, and has a predi-
lection for the lumbosacral region. The origin of spinal
osteosarcoma is the vertebral body, but secondary exten-
sion into the posterior elements is also common [9]. Os-
teosarcoma of the spine may be associated with Paget’s
disease and previous radiation therapy. One unusual as-
sociation of osteosarcoma is its presentation as a second
tumor approximately 10 years after the detection of reti-
noblastoma [2, 10]. Patients with spinal osteosarcoma
often present with pain and neurologic symptoms. Serum
alkaline phosphatase levels may be elevated. On histo-
logic examination, the identification of osteoid formed
within and by sarcomatous tissue is essential in estab-
lishing the diagnosis [2, 4]. Radiographically, spinal os-
teosarcoma may be predominantly osteosclerotic but
most frequently has mixed osteosclerotic/osteolytic ap-
pearance (Fig. 4a). Ivory vertebral body may be recog-
nized, as well as loss of vertebral height, sparing the in-
tervertebral disc [4]. The coexistent soft tissue mass that
is a major sign of malignancy and the extent of the lesion
can be better appreciated with CT and MRI (Fig. 4b). If
osteosarcoma has a prominent sclerotic component, very
low signal is seen on both T1 and T2 sequences. After
the administration of contrast medium, enhancement of
the soft tissue component is seen (Fig. 4c).
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Fig. 1a, b Osteoid osteoma of L3 vertebra. a Computed tomogra-
phy shows a hypodense area surrounded by sclerosis at the poste-
rior cortical surface of the vertebral body. Note the calcified nidus
(arrow). b Axial post-contrast T1-weighted images shows intense
enhancement of the lesion (arrow) with central low-signal focus
corresponding to the calcified nidus (open arrow)



Osteochondroma

Osteochondromas rarely occur in the spine and have a
predilection for the cervical spine [11]. They arise exclu-
sively from posterior elements with predilection for the
spinous process [4]. Spinal osteochondromas are usually

discovered at the age of 20–30 years in patients with sol-
itary osteochondroma. Rarely, an osteochondroma arises
at a site of prior radiation therapy [12]. The most fre-
quent presenting symptom is a palpable mass. When the
lesion extends posteriorly myelopathy is not uncommon.
Dysphagia and hoarseness may be the presenting symp-
toms when the lesion is located in the cervical spine and
protrudes anteriorly [13]. Pathologically, osteochondro-
mas are composed of two elements, a cartilage cap from
which growth occurs and a normal bone component
which is attached to the underlying host bone [4, 11].
The pathologic and radiologic hallmark of osteochondro-
ma is continuity of the lesion with the marrow and cortex
of the underlying bone. Thin CT sections can detect the
marrow and cortical continuity of the lesion to the under-
lying bone (Fig. 5a). Magnetic resonance imaging re-
veals the contiguity of yellow marrow with high signal
on TI-weighted images and intermediate signal intensity
on T2-weighted images centrally and low signal intensi-
ty cortex peripherally (Fig. 5b, c).

Chondrosarcoma

The spine represents the primary site in 3–12% of all
chondrosarcomas with predilection for the vertebral
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Fig. 2a–d Osteoblastoma of
T11 vertebra in a 20-year-old
man. a Anteroposterior plain
film of the thoracic spine
shows lytic lesion involving the
left side of the vertebral body
and the ipsilateral costoverte-
bral joint (arrow). b On CT 
the lesion appears with sclerot-
ic margin involving the posteri-
or vertebral body, the left 
pedicle, as well as the left cos-
tovertebral joint. c On axial 
T1-weighted image the lesion
shows low and intermediate
signal intensity. Note the low-
intensity linear area demarcat-
ing the lesion from the normal
vertebral body (arrow). d On
Sagittal T2-weighted image a
high-signal lesion of the T11
vertebral body is seen extend-
ing to the posterior elements of
the spine (arrow)

Fig. 3 Osteoblastoma of C6 vertebral in a 15-year-old boy. The CT
scan shows a destructive expansile lesion involving the spinous pro-
cess and laminae with foci of mineralized-osseous matrix (arrow)



body. Vertebral chondrosarcomas are most common in
the thoracic region. The mean age of presentation is
45 years [4]. Clinically, pain and swelling, palpable
mass, and neurologic symptoms may indicate the pres-
ence of the lesion. Pathologically, chondrosarcoma is
composed of hyaline cartilage within myxoid matrix and
exhibits increased cellularity, nuclear atypia, and perme-
ation of bony trabeculae. Radiography of spinal chondro-
sarcoma reveals bone destruction with characteristic
punctate, as well as flocculent and ring and arc calcifica-
tions, which represent the cartilaginous matrix mineral-
ization. Computed tomography can visualize the integri-
ty of the overlying cortex as well as the distribution, con-
figuration, and extent of calcification within the tumor.
The attenuation of the nonmineralized portion of the le-
sion is often lower than that of muscle, which reflects the
relatively high water content of hyaline cartilage [4].
Magnetic resonance nicely demarcates the lobulated con-
tour typical of cartilaginous neoplasm (Fig. 6a). Soft tis-
sue expansion beyond the vertebrae body is delineated
by distortion of normal anatomy and by abnormal in-
creased signal on T1-weighted images (Fig. 6b). Areas
of mineralization show low signal intensity in both se-
quences. Involvement of adjacent vertebral levels by ex-
tension through the disk is seen in approximately 35% of
lesions [14]. The differential diagnosis includes enchon-
droma, chondromyxoid fibroma, osteosarcoma, and me-
tastasis.

Malignant fibrous histiocytoma

Malignant fibrous histiocytoma (MFH) is a sarcoma that
occurs most frequently in soft tissues and rarely in
bones. Malignant fibrous histiocytoma occurs from the
second through eighth decades of life. The spine is a
very uncommon site of localization of this tumor. Histo-
logically, MFH is composed of a mixture of cells resem-
bling fibroblasts, myofibroblasts, histiocytes, and primi-
tive mesenchymal cells. Only sporadic cases have been
reported in spine with no documented characteristic find-
ings. Areas of low signal intensity on T1-weighted imag-
es and high signal intensity on T2-weighted images are
depicted in our case with pathologically proven MFH of
C3 vertebra (Fig. 7). Widening of spinal foramina from
MFH has been reported in a previous case [15]. The
management of malignant fibrous histiocytoma relies on
a combination of surgery and chemotherapy.

Giant cell tumor

Giant cell tumors (GCT) of the spine are uncommon le-
sions that constitute 7% of all cases of GCT. The vast
majority of these tumors occur in the sacrum. The GCT
shows a predilection for vertebral body rather than the
posterior elements. They present between ages of 20 and

1863

Fig. 4a–c Osteosarcoma of the
sacrum in a 28-year-old man. 
a Plain film demonstrates a
sacral destructive lesion with
central osteoid matrix. b A CT
scan reveals a sacral soft tissue
mass with extensive ossified
area. c Post-contrast axial 
T1-weighted image shows a 
peripheral enhanced mass with
low-signal central area, which
corresponds to the osteoid ma-
trix. Note also the involvement
of the right gluteus maximus,
piriform, and obturator muscles
(arrow)



40 years and are rarely encountered before the closure of
the epiphyseal plate. Dramatic increase in size can be as-
sociated with pregnancy and is presumably related to
hormonal stimulation [4, 16]. Aneurysmal bone cysts
arising in a pre-existing GCT is not an uncommon entity.
Pain and neurologic deficits are the most common pre-
senting symptoms. Pathologically, GCTs are composed
of osteoclastic giant cells intermixed with spindle cell
stroma [17]. Cystic areas as well as areas of previous
hemorrhage with hemosiderin are also seen. In addition,
areas of fibrous tissue that are high in collagen content
are a frequent finding. The radiographic appearance of
GCT includes a large lytic geographic area without host
response of the underlying bone. In the spine the de-
struction of the vertebral body is more frequent than that
of the posterior osseous elements. Sacral lesions are os-
teolytic and, owing to their large size and soft tissue
component, may simulate the appearance of a malignant
neoplasm. On CT the tumor has soft tissue density with
well-defined margins. Areas of hemorrhage or necrosis
may create foci of low attenuation. No areas of mineral-

ized matrix are seen (Fig. 8). On MR images the lesion
shows heterogeneous signal intensity. Generally, the tu-
mor has low to intermediate signal intensity on both 
T1- and T2-weighted sequences due to the presence of
collagen and hemosiderin within it [18]. Evidence of
hemorrhage (with high signal intensity on both T1 and
T2 images) as well as focal cystic areas (with low signal
intensity on T1 and high signal intensity on T2 images)
may also be seen. A low signal intensity pseudocapsule
is also a common imaging finding [4].

Other sacral lesions that can mimic GCTs include
metastatic disease, plasmacytoma, chordoma, “brown tu-
mor” in hyperparathyroidism, and malignant nerve
sheath tumors.

Multiple myeloma–plasmacytoma

Multiple myeloma (MM) is a monoclonal proliferation
of malignant plasma cells of bone marrow. The vertebrae
are affected in 66% of the patients [19]. The thoracic and
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Fig. 5a–c Osteochondroma of
C7 spinous process. a A CT
scan of the C7 vertebra shows a
posterior exophytic osseous le-
sion protruding into the spinal
canal. b, c T1- and T2-weight-
ed sagittal images demonstrate
the signal intensity characteris-
tic of yellow marrow within the
osteochondroma causing im-
pingement on the spinal cord
(arrows)



lumbar regions are most commonly involved. Persons
over the age of 40 years are most commonly affected.
Plasmacytoma refers to the solitary form of the disease
and is usually found in younger patients more than MM.
Patients present with bone pain, fatigue, anemia, and
neurologic symptoms secondary to compression of the
spinal cord. On histologic examination sheets of plasma
cells on a delicate reticular stroma characterize myelo-
ma. Two classic radiographic features are encountered
on plain radiographs: generalized reduction in bone den-
sity with thickening trabeculae and localized radiolucent
areas without reactive marginal sclerosis involving the
vertebral body. The ivory vertebral pattern has also been
reported. On MR images, the characteristics of plasma-
cytomas are nonspecific: hypointense to healthy marrow
on T1-weighted images and hyperintense on T2-weight-
ed images [19, 20]. As the disease advances, multiple fo-

ci destruction, almost invariably accompanied by some
degree of collapse of the affected vertebral bodies, is
likely to be present. Aggressive cortical disruption and
infiltration into soft tissue and adjacent structures can be
identified on MR examination. An involved vertebral
body may collapse and disappear completely. Differenti-
ation from inflammatory lesions can be made, as the in-
tervertebral disc spaces and the articular surfaces are not
affected (Fig. 9).

Ewing’s sarcoma

Ewing’s sarcoma is one of the malignant round-cell tu-
mors involving the bones. The spine is the site of origin
in 4–18% of Ewing’s sarcomas [21]. The lumbosacral
spine is the most common site. Lesions typically occur
in the vertebral bodies. Most lesions occur between 10
and 30 years of age.

Nonspecific nature of pain is the most common pre-
senting symptom. Histologically, Ewing’s sarcoma is
composed of sheets of small, closely spaced cells with
scant cytoplasm and a single oval or round nucleus. The
classic radiologic presentation is that of a lytic tumor
which is often permeative. Lesions are usually lytic but
may be mixed with areas of sclerosis. Occasionally, Ew-
ing’s sarcoma is predominately sclerotic. Complete col-
lapse of vertebral body may be seen. Computed tomog-
raphy shows the pattern of bone destruction and associat-
ed soft tissue mass which is a prominent feature of
Ewing’s sarcoma. The MR imaging appearance is non-
specific with lesions showing low to intermediate signal
intensity on T1-weighed images and intermediate to high
signal intensity on T2-weighted images. The differential
diagnosis of Ewing’s sarcoma includes pyogenic or tu-
berculous osteomyelitis, lymphoma, leukemia, histiocy-
tosis and metastatic disease.

Chordoma

Chordoma is a low-grade malignant tumor. These tumors
arise from the remnants of embryonic notochord. They
accounts for approximately 2–4% of the malignant neo-
plasms of the bone. The most common site of tumor de-
velopment include the sacrococcygeal region (50–60%),
sphenooccipital region (25–35%), and spine (15%). In
the spine this tumor exclusively affects the vertebral
body with common extension through the disk to involve
the adjacent vertebra. Chordoma occurs most commonly
in middle-aged patients (aged 30–60 years) Symptoms
relate to the site of the lesion as well as the degree of the
extension. Gradual-onset radicular pain and sensory
problems are the primary neurologic symptoms. Dyspha-
gia as a predominant symptom on initial presentation of
cervical chordoma, although rare, has been reported in
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Fig. 6a, b Chondrosarcoma of the cervical spine. a Sagittal 
T2-weighted image reveals a large lobulated soft tissue mass with
high signal intensity involving the C2 vertebrae. b Axial 
T1-weighted image shows an intermediate signal intensity mass
originating from the C2 vertebral body with upper airway tract
compression



the literature [22]. Incontinence or constipation may be
clinical presentations in sacral lesions. On gross inspec-
tion the classic chordoma is a lobulated mass contained
within a pseudocapsule. Microscopically, fibrous strands
create characteristic lobules of either predominantly 
mucin-containing physaliphorous (bubble-like) cells or
frankly cystic mucinous pool [23]. The most frequent ra-
diographic appearance is that of a destructive expansile
lesion of vertebral body centered in the midline with a
large associated soft tissue mass. There may be inter-
vertebral disk involvement. Similarly, sacrococcygeal
chordomas may extend across the sacroiliac joint [4].

Images on CT reveal destruction of bone without any
associated sclerosis and low attenuation within the soft
tissue mass, which is due to gelatinous material and cys-
tic degeneration within the tumor. Intratumoral calcifica-
tions that represent sequestra of destroyed bone rather

than tumoral calcification are seen in 90% of sacrococ-
cygeal lesions on CT scans (see Fig. 11a) [24]. Spinal
chordoma mimics neurofibroma when enlargement of
the intervertebral foramen by the tumor occurs (Fig. 10).
Contrast enhancement on CT is usually mild to moderate
and is heterogeneous. Chordomas on MR images have
low to intermediate signal intensity on T1-weighted im-
ages, although they may have areas of high signal inten-
sity related to high protein content or hemorrhage

1866

Fig. 7a, b Malignant fibrous
histiocytoma. a T1-weighted
sagittal image shows low signal
intensity of the C3 vertebral
body with enlargement of its
anteroposterior diameter 
(arrow). b T2-weighted sagittal
image shows focal areas of
high signal within the C3 
vertebral body

Fig. 8 Giant cell tumor of the sacrum. The CT scan shows a de-
structive lesion of the sacrum with large soft tissue component

Fig. 9a, b Plasmatocytoma. a Sagittal T2-weighted and b sagittal
post-contrast T1-weighted image show a severely collapsed T12
vertebra with low signal intensity and large soft tissue mass filling
the spinal canal. Note the preservation of the adjacent interverte-
bral disks



(Fig. 11b). They have very high signal intensity on 
T2-weighted images similar to the nucleus polposus [4].
Fibrous septae of low-signal intensity within the tumor
have been reported on T2-weighted images in 70% of
chordomas (Fig. 11c) [25]. Although CT and MR imag-
ing vary, chordoma should be considered when a 
destructive lesion of vertebral body is associated with 
a large well-defined mass that is hyperintense on 
T2-weighted images (Fig. 12). Spinal chordomas pro-
duce radiographic findings that are also evident in skele-
tal metastasis, plasma cell myeloma, lymphoma, chon-
drosarcoma, giant cell tumor, and infection. 

Hemangiomas

Approximately half of solitary hemangiomas of bone oc-
cur in vertebrae. They present at any age with peak inci-
dence the fifth decade of life. Within the spine, heman-
giomas are most commonly situated in the lower thoracic
and upper lumbar regions. The vertebral body is the most
common location; however, hemangioma rarely extends
beyond the vertebral body to involve the posterior ele-
ments. Hemangioma of bone is by definition a benign le-
sion composed of vascular spaces lined by endothelial
cells. Vertebral hemangiomas are usually small and
asymptomatic, although they become symptomatic, with
pain being the most common clinical presentation due to
compression fracture. Minimal trauma in large lesions
leads to pathologic fractures. When hemangiomas reach
a considerable size, they extend beyond the confines of
the bony margins of the vertebral body. Pregnancy-relat-
ed vertebral hemangioma compressive myelopathy is a
rare occurrence that tends to arise in the upper thoracic

and lower cervical spine, peaks during the third trimes-
ter, and remits after parturition. Hemodynamic changes
during pregnancy lead to spinal cord compression due to
tumor expansion [26]. The classic radiographic appear-
ance of hemangioma includes diminished vertebral den-
sity and coarse vertical striation of the vertebral body. In
some cases, a honeycomb appearance may be present.
These patterns are the result of replacement of bony tra-
beculae by vascular channels within the vertebrae and
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Fig. 10 Chordoma of C3 vertebra. The CT shows a soft tissue
mass causing enlargement of the left intervertebral foramen. Note
the internal foci of calcification and the extension of the mass an-
teriorly

Fig. 11 Chordoma of the sacrum. a The CT scan shows a large
destructive lesion of the sacrum with soft tissue density and inter-
nal foci of calcifications. Note the needle of biopsy which estab-
lishes the diagnosis. b Axial T1-weighted image shows a well-
marginated sacrococcygeal lesion with interspersed high-signal ar-
eas. c Axial T2-weighted image shows high signal intensity mass
with internal low signal septae (arrow)



thickening of the remaining trabeculae [16]. On CT im-
ages the classic “polka dot” appearance is pathognomon-
ic for hemangioma. The dots on CT, which represent the
thickened trabeculae, correlate with the striated appear-
ance seen on plain radiographs (Fig. 13). Hemangiomas
exhibit homogeneous high signal intensity on both T1-
and T2-weighted MR images as a result of an increased
amount of fat within it. After the administration of para-
magnetic agent, they enhance strongly [27]; however,
these signal characteristics, while present in asymptom-
atic patients, may not be present in those patients in
whom the hemangioma has led to vertebral compression.
In such cases T1-weighted images may show decreased
signal within the vertebral body (Fig. 14). The extraosse-
ous matrix of large, complicated hemangiomas displays
low (soft tissue) signal intensity on T1-weighted images

also (Fig. 15). Focal fat deposition within the spine may
mimic vertebral hemangiomas on T1-weighted images,
but fail to have the same increased signal intensity on
T2-weighted studies. 

Langerhans cell histiocytosis

Eosinophilic granuloma (EG) of the bone is the localized
and the most benign form of Langerhans cell histiocyto-
sis (LCH). The vertebrae are the primary location of the
lesion in 20% of cases. Children, especially boys, be-
tween 3 and 12 years are the most commonly affected
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Fig. 12a, b Chordoma of L3
vertebra. a Sagittal T2-weight-
ed and b axial T1-weighted im-
ages show an expansile lesion
of the L3 vertebral body with
high-signal intensity on T2 and
intermediate signal intensity 
on T1 extending into the spinal 
canal and compressing the 
dural sac

Fig. 13 Axial CT section demonstrates the “polka dot” appear-
ance of the vertebral body, which is pathognomonic for hemangi-
oma Fig. 14a, b Hemangioma of T6 vertebrae. Sagittal T1- and T2-

weighted images of the thoracic spine shows wedge-shaped ap-
pearance of the T6 vertebral body with low signal intensity on 
a T1-weighted image and diffuse high signal intensity on b T2-
weighted image due to bone marrow edema



[28]. Pathologically, lesions characteristically consist of
sheets of Langerhans cells with variable numbers of lym-
phocytes, polymorphonuclear cells, and eosinophils in
the spine and the vertebral body usually are involved.
Isolated involvement of the posterior elements is rare.
The thoracic spine is the most common site of the dis-
ease. Clinically, the lesion is characterized by local pain,
although lesions may also be silent. Low-grade fever, el-
evated erythrocyte sedimentation rate, mild leukocytosis,
and normochronic anemia are findings usually seen.
Symptoms of spinal cord compression by eosinophilic
granuloma are reported [29]. Eosinophilic granuloma is a
rapidly growing lytic lesion of the vertebral body leading
to progressive collapse (vertebra plana) with preserva-

tion of the adjacent disc space. An associated paraspinal
mass may represent soft tissue edema and hemorrhage
related to the vertebral collapse or soft tissue extension
of LCH. The classical radiographic picture of vertebra
plana is easily made from plain radiograph. Computed
tomography and MR imaging are useful in outlining the
extension of the disease. Lesions are usually lytic on CT
with no specific MR signal characteristics. Areas of mar-
row replacement with low signal intensity on T1-weight-
ed images and high signal on T2 are usually seen
(Fig. 16). With healing, there is reconstruction of the in-
volved vertebrae toward the original height, although
some residual compression deformity usually persists.
The differential diagnosis of collapse of a single verte-
bral body includes Ewing’s sarcoma, metastatic neuro-
blastoma, idiopathic osteonecrosis, or atypical tuberculus
spondylitis. The EG is often a self-limited condition
characterized by regeneration of vertebral body. Treat-
ment is controversial and ranges from immobilization,
curettage, and intratumoral injection of steroids, to radia-
tion therapy and surgical excision.

Aneurysmal bone cyst

Aneurysmal bone cyst (ABC) is a benign, highly vascu-
lar bony lesion. The vertebral column is involved in
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Fig. 15a, b Vertebral hemangioma with paraspinal soft tissue
mass. a Axial T1-weighted image shows the characteristic high
signal intensity of hemangioma in the posterior part of the thoracic
vertebra (arrow). Note also the paraspinal mass with intraspi-
nal–extradural extension. b Axial T1-weighted image after the ad-
ministration of paramagnetic agent shows intense homogeneous
enhancement of the posterior part of the vertebral body as well as
of the paraspinal mass

Fig. 16 Langerhans cells histiocytosis in a 35-year-old man. Sag-
ittal T1-weighted image of the thoracic spine shows multiple low-
signal lesions in the vertebral bodies. The T8 vertebra is almost
completely collapsed



3–20% of cases. Most of them occur within the first
2 decades of life The thoracic spine is affected most
commonly [30]. Vertebral aneurysmal bone cysts gener-
ally arise in the posterior osseous elements. Involvement
of contiguous vertebrae may occur. Between 30 and 50%
of ABC’s are believed to arise within some other pre-
existing lesions (GCT, chondrosarcoma, chondromyxoid
fibroma, nonossifying fibroma, osteoblastoma) [2]. The
presenting symptoms include pain and neurologic defi-

cits resulting from encroachment on the spinal canal.
Pathologically, ABC has a characteristic honeycomb ap-
pearance with various-sized cystic spaces containing
both fresh and old blood products [31]. Computed to-
mography of spinal ABC shows lytic expansile lesion
centered in the posterior elements alone or in combina-
tion with vertebral body. Expansion is usually most
prominent with involvement of the adjacent vertebrae
and extension into neighboring rib (Fig. 17). Significant
extension into adjacent soft tissues also may occur [4,
16]. Both CT and MR clearly show the cystic nature of
the lesion with single or multiple fluid–fluid levels indi-
cative of hemorrhage with sedimentation. Although
highly suggestive of ABC, fluid–fluid levels are nonspe-
cific, having been reported in benign and malignant enti-
ties. The MR images are more sensitive in detection of
areas with fluid–fluid levels. On T1- or T2-weighted im-
ages, they may have increased signal intensity due to
methemoglobin in either the dependent or nondependent
component (Fig. 18). 
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Fig. 18a–c Aneurysmal cyst of
the sacrum. a Axial T1-weight-
ed image shows a lobulated
multiseptated high-signal le-
sion of the sacrum compressing
the neural roots. The high sig-
nal intensity is due to the hem-
orrhagic content of the lesion.
b On sagittal T2-weighted 
image the lesion appears multi-
locular with high signal intensi-
ty. c After administration of
paramagnetic contrast agent,
enhancement of internal septae
is seen. The fluid–fluid level
appearance of the lesion is 
better depicted

Fig. 17 Aneurysmal bone cyst of thoracic vertebra. The CT scan
shows a cystic lesion with scalloped sclerotic margins involving
the posterior elements, the vertebral body, as well as the costover-
tebral joint
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