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Abstract This article reviews the
role of CT and MR imaging in the
diagnosis of benign bone tumors and
tumor-like lesions of bone with with
regard to differential diagnosis, the
assessment of tumor-related compli-
cations, and the detection of postop-
erative recurrence. Indications for
cross-sectional imaging of specific
lesions, including osteoid osteoma,
osteoblastoma, enchondroma, osteo-
chondroma, intraosseous lipoma,
hemangioma, giant cell tumor, aneu-

rysmal bone cyst, simple bone cyst,
and eosinophilic granuloma, are dis-
cussed, and advantages and disad-
vantages of the different imaging
modalities are illustrated on the 
basis of pathologically confirmed
cases.
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Introduction

The inhomogeneous group of benign bone lesions (Ta-
ble 1) includes true neoplasms (bone tumors) as well as
several tumor-like lesions of bone, which represent non-
neoplastic conditions that can simulate the appearance of
benign or malignant bone tumors [1, 2, 3, 4].

The majority of benign true neoplasms of bone are
detected in children and young adults. Benign bone tu-
mors can be classified according to their matrix produc-
tion and/or predominant cell type into bone-forming, car-
tilage-forming, connective-tissue, and vascular lesions.
Semimalignant lesions, such as giant cell tumor and am-
eloblastoma, are also summarized under this entity. With
the exception of osteoid osteomas, osteochondromas,
and enchondromas, which together account for approxi-
mately 20% of all primary bone tumors, and the relative-
ly frequent hemangiomas of the spine, most of these le-
sions are very rare [1, 3, 4].

The term “tumor-like lesions of bone” summarizes
various conditions of non-neoplastic nature originating
from or affecting the bone and presenting as solitary or
sometimes multiple bone lesions. The most important le-
sions of this group are listed in Table 1; however, many

more, even congenital, inflammatory, ischemic, and trau-
matic disorders, can appear in this fashion and therefore
could be added to this selection. Different fibro-osseous
and cystic lesions represent the most common entities in
this group with nonossifying fibroma, simple and aneu-
rysmal bone cyst being the most frequent [2, 3, 4].

Although the diagnosis of bone tumors often repre-
sents a “team diagnosis” elaborated by and necessitating
close cooperation of orthopedic surgeons, radiologists,
and pathologists, the radiologist’s contribution is the
most responsible and most important in cases of benign
bone lesions. The primary aim of imaging should be a
specific diagnosis (in the ideal case obviating the need
for biopsy) or narrowing of the differential diagnosis, in
order to decide whether biopsy, surgical intervention, or
simple observation are required for further management.

Many articles and book chapters have emphasized the
importance of plain radiography as the single most valu-
able imaging modality in the diagnosis of bone lesions.
This article reviews the value of cross-sectional imaging
techniques in patients with benign bone tumors and tu-
mor-like lesions for differential diagnosis, the assess-
ment of tumor-related complications, and the detection
of postoperative recurrence.
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Computed tomography

In the diagnosis of solitary bone lesions CT is typically
used in order to obtain “radiographic” information,
where conventional radiographs fail due to limited con-
trast resolution, complex skeletal anatomy (e.g., spine,
pelvis), or superposition of skeletal elements (e.g., scap-
ula). Computed tomography has widely replaced con-
ventional tomography, and recently, with the advent of
multislice techniques, it has developed into a “true”
multiplanar modality. Computed tomography is superior
to radiography in determination of the epicenter of a
bone lesion (medullary, cortical, periosteal, parosteal) [3,
4, 5]. The site of origin can be characteristic for a special
entity (e.g., non-ossifying fibroma, periosteal chondro-
ma), and it can influence the growth pattern of the le-
sion, and therefore, it can determine whether the lesion
appears more or less aggressive [3]. The biologic activity
of a lytic bone lesion is mirrored in its pattern of bone
destruction. Independent of the anatomic site of the le-
sion, CT can define the margins of an osseous defect in
360° survey, it can exactly determine the width of the
zone of transition between normal and abnormal bone,
and it can detect delicate sclerotic reactions [3, 5]. The
most important advantage of CT over radiography prob-
ably is its superior delineation of cortical alterations [3,
5], of which cortical expansion and remodeling, endoste-
al scalloping, and focal penetration represent the most
common forms in benign bone lesions. Periosteal reac-
tions represent another barometer of the biologic activity
of bone tumors and tumor-like lesions. Computed to-
mography has the ability to depict periosteal reactions
that might be invisible on radiographs due to superposi-
tion or limited contrast resolution [3, 5]. Furthermore,
CT represents the most valuable imaging modality in de-
tection of subtle matrix calcifications and therefore can
be useful in confirming the diagnosis of a bone- or carti-
lage-forming tumor [1, 3, 4, 5, 6].

MR imaging

Magnetic resonance imaging is generally accepted as the
most valuable method in definition of the extent of bone
tumors, but it is thought to be less specific in differential
diagnosis [7]. In our experience, MR imaging in addition
to radiography can at times be very helpful in differential
diagnosis of benign bone lesions.

Bone as a tissue shows a relatively uniform response
to a growing lesion, which is determined by its growth
rate, but one has to keep in mind that the biologic activi-
ty of a bone lesion does not necessarily mirror its dignity
[3]. Radiographic methods reveal the response of the in-
volved bone but provide limited information on the na-
ture of the underlying process. Although MR imaging
has less potential to show different patterns of bone de-
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Differential diagnosis

General principles

Since many bone tumors and tumor-like lesions of bone
show a predilection for special age groups or anatomic
sites, the first step in the diagnosis of such lesions is con-
sidering these data [1, 2, 3]. Clinical information concern-
ing the patient’s history, presence and duration of symp-
toms, physical examination, and laboratory findings
should also be evaluated [1, 2, 3]. Conventional radiogra-
phy remains the first imaging modality in evaluation of
the localization of a lesion with respect to the longitudinal
and axial planes of the involved bone and in determination
of its biologic activity by analyzing the patterns of bone
destruction and periosteal response [3]. Skeletal scintigra-
phy, in our experience, is less important in assessment of
solitary lesions, but can add valuable information in case
of polyostotic involvement (e.g., fibrous dysplasia).

Many benign bone tumors and tumor-like lesions of
bone can sufficiently be diagnosed by means of radiogra-
phy and do not require additional imaging or biopsy. If the
combination of clinical and radiographic findings does not
allow a specific diagnosis, biopsy is usually mandatory,
and both, radiographic and histologic findings together,
have to be combined to make the final diagnosis [1, 3].

Table 1 Benign bone tumors and tumor-like lesions (selection)

Benign bone tumors Tumor-like lesions

Bone-forming tumors Fibro-osseous lesions
Osteoma Non-ossifying fibroma
Osteoid–osteoma Fibrous dysplasia
Osteoblastoma Osteofibrous dysplasia

Periosteal desmoid

Cartilage-forming tumors
Enchondroma Cystic lesions
Osteochondroma Simple bone cyst
Periosteal chondroma Aneurysmal bone cyst
Chondroblastoma Intraosseous ganglion
Chondromyxoid fibroma Epidermoid cyst

Subchondral cyst

Connective-tissue tumors
Desmoplastic fibroma Giant-cell-containing lesions
Benign fibrous histiocytoma Giant cell reparative granuloma
Ossifying fibroma Brown tumor
Myxoma Pigmented villonodular synovitis
Lipoma

Others
Vascular tumors Eosinophilic granuloma
Hemangioma Pseudotumors
Lymphangioma
Glomus tumor

Others/semimalignant
Giant cell tumor
Ameloblastoma
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struction and response, due to its superior soft tissue
contrast it has the ability to reveal the pathologic anato-
my of the underlying process [3, 7].

In addition to morphologic information, MR imaging
can be used for tissue characterization by evaluation of
signal intensities with different pulse sequences (e.g., li-
pomatous lesions) and patterns of contrast enhancement
(e.g., cartilaginous tumors).

Compared with radiography and CT, MR imaging has
proved to be especially advantageous in identification of
non-mineralized chondroid matrix, vascular tissue, cysts,
and hemosiderotic tissue (Table 2).

Cross-sectional imaging of specific lesions

As mentioned previously, many benign bone tumors and
tumor-like lesions, e.g., most connective-tissue tumors
and fibro-osseous lesions of bone, can reliably be diag-
nosed by radiography, and do not require further imaging.
In the following, we discuss and illustrate a selection of
lesions in which we consider cross-sectional imaging as
an additional modality helpful or even necessary.

Osteoid osteoma

Osteoid osteomas most often are located in or close to the
cortex of long tubular bones and present with pain at rest
that becomes more severe at night and often responds to
analgetics [1, 4, 6, 8, 9, 10]; however, the nidus, which
represents a hypervascular, bone-forming lesion of 1.5 cm
in maximum diameter, is often invisible on radiographs
[4]. Furthermore, lesions located in the axial skeleton or
small bones and those with a medullary, subperiosteal, or
intraarticular localization in long bones can demonstrate
uncharacteristic or misleading radiographic features, and
therefore, additional cross-sectional imaging is usually re-
quired to establish the diagnosis (Fig. 1) [6, 8, 9, 10].

Table 2 Tissue characterization in solitary bone lesions

Radiography CT MRI

Osteogenic ++a ++a +
Chondrogenic ++a ++a +++
Fatty – +++ +++
Vascular – – ++
Cystic – + +++
Fibrous – – +
Hemosiderotic – – +++

a If mineralized

Fig. 1a–f Intraarticular osteoid
osteoma of the humerus in a
23-year-old man. a Lateral ra-
diograph shows a solid perios-
teal reaction (arrow) at the an-
terior cortex above the coro-
noid fossa. b Sagittal T1-
weighted spin-echo (SE), c sag-
ittal short tau inversion recov-
ery (STIR), and d axial T2-
weighted fast spin-echo (FSE)
MR images show an intracorti-
cal nidus (arrowheads) of pre-
dominantly low signal intensi-
ty. Note extensive bone marrow
and soft tissue edema as well as
swelling of the joint capsule
and joint effusion on STIR im-
age. e Axial CT scan and f sag-
ittal reconstruction image clear-
ly show a heavily mineralized
nidus (arrowhead) within the
anterior cortex accompanied by
sclerosis of adjacent cancellous
bone and a solid periosteal re-
action (arrow)



1823

Computed tomography has proved to be the most
valuable method in detection of the nidus, which
presents as a well-defined lesion within an area of reac-
tive sclerosis [6, 9, 11, 12]. In more than half of the cases
the nidus contains some mineralization, it appears purely
osteolytic in approximately one-third of cases, and some-
times it can be completely calcified [6]. If the nidus is
located in cancellous bone, CT morphology alone may
not allow differentiation of osteoid osteoma from chron-
ic osteomyelitis (Brodie’s abscess); however, since the
nidus in osteoid osteoma shows marked vascularity and
the nidus in chronic osteomyelitis represents an intraos-
seous abscess, the two entities demonstrate different en-
hancement patterns on dynamic CT. Osteoid osteoma
usually shows early peak enhancement that parallels en-
hancement of neighboring arterial vessels, whereas Bro-
die’s abscess demonstrates slow and gradual enhance-
ment or even no measurable contrast uptake at all
(Fig. 2) [13, 14]. Especially prior to CT-guided percuta-
neous treatment by means of thermocoagulation or drill-
ing, where histologic verification can be difficult to ob-
tain, dynamic CT has proved to be valuable in distinc-
tion of the two conditions [10].

On MR imaging, the nidus tissue can show various
signal intensities from isointense to muscle on T1- and
hyperintense on T2-weighted images to hypointense on
images of all pulse sequences, depending on the amount
of matrix production and mineralization [6, 8, 9]. Hyper-
vascularization of the nidus can be demonstrated by ga-
dolinium-enhanced images. Bone marrow and periosteal
edema are typically seen in the surrounding of the lesion
[9, 11] and are often very pronounced with fat-sup-
pressed T2-weighted, short tau inversion recovery
(STIR), and contrast-enhanced T1-weighted pulse se-
quences (Fig. 1). MR imaging in osteoid osteoma is gen-
erally thought to be less specific than CT [9, 11]. Diag-
nostic errors can occur due to misinterpretation of reac-

tive changes as signs of malignancy, inflammation, or
previous trauma. The nidus can easily be overlooked, 
especially if it is heavily mineralized, and therefore
presents with similar low signal intensity as cortical
bone or reactive sclerosis. Furthermore, intraarticular os-
teoid osteomas may not be recognized on MR images,
because prominent synovitis and joint effusion are mis-
interpreted as signs of arthritis and not as reactive phe-
nomena of an intracapsular nidus; however, in our opin-
ion the main sources of error are a non-optimized MR
technique [11] and the interpretation of MR images with-
out corresponding radiographs.

Osteoblastoma

Osteoblastoma differs from osteoid osteoma in having a
nidus larger than 1.5 cm in diameter and usually showing
more variable histologic features [1, 4]. Since approxi-
mately one-third of the lesions are located in the spine,
where they most often originate from the posterior verte-
bral elements, and radiographic features of tumors locat-
ed in long and small bones can be unspecific, cross-sec-
tional imaging is mandatory in characterization of the le-
sion and local staging in the majority of cases [1, 4, 6,
15, 16].

Computed tomography can aid in differential diagno-
sis by depiction of osteogenic matrix mineralizations or
a thin shell-like periosteal reaction surrounding an ex-
pansile osteolytic lesion, which is most often observed in
spinal osteoblastomas (Fig. 3) [6, 12, 15, 16].

On MR images osteoblastomas often show unspecific
findings with various signal intensities [15]. Hypointen-
sity with all pulse sequences has been reported to occur
in lesions with mineralization of the matrix as well as in
non-mineralized tumors which on histologic examination
showed diffuse osteoid production [16]. Corresponding

Fig. 2a, b Dynamic CT. a In-
tramedullary osteoid osteoma
of the distal femur: the nidus
shows arterial peak enhance-
ment followed by washout,
which parallels enhancement
within the popliteal artery.
(From [10]). b Brodie’s abscess
of the distal radius: the lesion
demonstrates gradual enhance-
ment and absence of arterial
peak. Note morphologic simi-
larity between the two lesions
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to the shell-like periosteal reaction seen on CT scans in
expansile lesions [6, 15], MR imaging can demonstrate a
rim of low signal intensity at the periphery of the nidus
(Fig. 3). As in osteoid osteoma, reactive edema of adja-
cent bone marrow and soft tissues is usually present [12,
15, 16]. Cystic areas with contrast-enhancing walls
and/or fluid levels are occasionally observed in osteo-
blastomas with a secondary aneurysmal bone cyst com-
ponent. In the spine, MR imaging can demonstrate epi-
dural or paraneural tumor extent but tends to overesti-
mate the size of the lesion [16]. The amount of bone de-
struction and the anatomic relationship of the lesion to
the posterior vertebral elements are often more clearly
defined on CT, and therefore, CT is usually preferred in
preoperative imaging [6, 12, 15, 16].

Enchondroma and osteochondroma

Enchondromas represent incidental findings on plain ra-
diographs in more than 50% of the cases. These intra-
medullary lesions are most commonly detected in the
short tubular bones of the hand and the (dia)metaphyses
of the femur, humerus, and tibia [1, 17]. In asymptomatic

cases with typical radiographic appearance further diag-
nostic workup is usually not required. Pain, which can be
directly attributed to the lesion and which cannot be ex-
plained by pathologic fracture, on the other hand, should
raise the suspicion for malignancy [4, 17, 18]; however,
the distinction of enchondroma and (primary or second-
ary) central chondrosarcoma represents a major diagnos-
tic dilemma, especially if the chondrosarcoma is a well-
differentiated (low-grade) lesion [18, 19]. Plain radio-
graphs generally do not allow an accurate differentiation
of benign and low-grade malignant cartilaginous tumors,
and the diagnostic value of biopsies is severely affected
by sample errors due to tumor heterogeneity [17, 18, 19].

Computed tomography can aid in the diagnosis of a
cartilaginous tumor by demonstrating lobulated margins
and the typical patterns of mineralized chondroid matrix
(Fig. 4) [4]. Most morphologic findings which have been
used to diagnose a central chondrosarcoma, with the ex-
ception of epiphyseal or axial location and a lesion size
>5–6 cm [18, 19], represent alterations of the cortex. Ex-
pansion of a major bone with cortical remodeling, peri-
osteal reactions, cortical thickening, and, most impor-
tantly, deep endosteal scalloping (more than two-thirds
of cortical thickness), as well as complete cortical pene-

Fig. 3a–e Osteoblastoma of
the sacrum in a 20-year-old
man. a Lateral radiograph
shows faint lesion of ground-
glass density (arrowhead) at
the posterior elements of the
second sacral vertebra. b Sagit-
tal T1-weighted SE, c sagittal
T2-weighted FSE, and d axial
contrast-enhanced fat-sup-
pressed T1-weighted SE MR
images reveal a well-defined
tumor (arrowheads) originating
from the arch of the second
sacral vertebra. Note rim of
low signal intensity at the pe-
riphery of the lesion, hypoin-
tensity of tumor tissue with T2-
weighting, and marked contrast
enhancement of tumor tissue as
well as adjacent bone marrow
and soft tissue edema. On e ax-
ial CT scan cortical expansion
(arrowhead), matrix mineral-
izations, as well as reactive
sclerosis of adjacent bone are
clearly demonstrated
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tration (Fig. 5), have all been reported to represent indi-
cators of malignancy and can clearly be demonstrated by
CT [17, 18].

Magnetic resonance imaging, in our experience, is
less reliable in assessment of cortical erosion and pene-
tration, especially if the cortex involved originally is rel-
atively thin (Fig. 5); however, MR can be very helpful in
cases where the diagnosis of a chondroma is question-
able. Well-differentiated cartilaginous tumors typically
show a lobular configuration, low signal intensity on 
T1-, and high signal intensity on T2-weighted images
(Fig. 4). Contrast-enhanced images can demonstrate a
characteristic “ring-and-arc”-like enhancement pattern,
which histologically corresponds with fibrovascular tis-
sue at the periphery of avascular lobules of hyaline carti-
lage [20, 21]. The presence of hypointense septa on T2-
weighted images and “septal” enhancement on gadolini-
um-enhanced T1-weighted images are features that have
been controversially discussed as criteria for a low-grade
chondrosarcoma [18, 21, 22, 23, 24, 25].

Osteochondromas (osteocartilaginous exostoses),
which represent the most common (10–15%) of all bone
tumors, can usually be sufficiently diagnosed on radio-
graphs [1, 4, 24]. The majority of osteochondromas are
asymptomatic and therefore are discovered incidentally
during childhood. Painfulness in the absence of fracture
or mechanical irritation of adjacent structures or growth
of an osteochondroma in the skeletal mature patient
should alert to the possibility of malignant transforma-

tion [1, 4, 24, 26]. Malignant transformation is derived
from the cartilaginous component of the lesion (cartilage
cap) and is thought to occur in approximately 1% of pa-
tients with a solitary osteochondroma and 5–25% of pa-
tients with multiple lesions (hereditary multiple exos-
toses) [1, 4, 24, 26]. The resulting malignant tumor most
commonly is a low-grade chondrosarcoma [24, 26].

Malignant transformation of an osteochondroma is
very likely, if the thickness of the cartilage cap exceeds
2 cm in adults and 3 cm in children [1, 24, 27]. Magnet-
ic resonance imaging (Figs. 6, 7) represents the most re-
liable method in measuring cartilage cap thickness [24,
27, 28], whereas CT shows a tendency for underestima-
tion [29], and ultrasound can be limited by the anatomic
localization and orientation of the osteochondroma [24,
28].

Fast dynamic gradient-echo (GRE) MR imaging has
been reported to allow differentiation of enchondromas
and osteochondromas from chondrosarcomas on the ba-
sis of onset and patterns of gadolinium enhancement
[21]; however, since the study performed by Geirnaerdt
and coworkers [21] showed an overlap in early en-
hancement patterns of chondrosarcomas and osteochon-
dromas in the immature skeleton, and less than 50% of
the included chondrosarcomas were grade-1 lesions
[21], the usefulness of this technique in distinction of
benign and low-grade malignant cartilaginous tumors
should be further evaluated in a large patient population
[18, 24].

Fig. 4a–e Enchondroma of the
tibia in a 42-year-old woman.
a Anteroposterior radiograph
shows central osteolytic lesion
(arrowhead) with endosteal
cortical scalloping and chon-
drogenous matrix calcifica-
tions. b Coronal T1-weighted
SE, c coronal STIR, and d axial
T2-weighted FSE MR images
demonstrate a lobulated lesion
of low signal intensity on T1-
and high signal intensity on
STIR- and T2-weighted imag-
es. The extent of endosteal ero-
sion of the cortex is overesti-
mated on MR images compared
with e corresponding CT scan.
Matrix mineralization is also
much more clearly depicted on
CT image. Histologic examina-
tion of curretted material (not
shown) confirmed the diagno-
sis of an enchondroma
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Intraosseous lipoma

Intraosseous lipomas are thought to represent very rare
lesions accounting for only 0.1–2.5% of all bone tumors;
however, since these lesions are most often asymptomat-
ic, their true incidence is probably higher [1]. Especially
when located in the calcaneus or the proximal femur, in-
traosseous lipomas often present with pathognomonic ra-
diographic features [4]; otherwise, they can mimic fibro-
osseous lesions, simple or aneurysmal bone cysts, as
well as cartilaginous tumors [30]. On rare occasions li-
pomas can originate from the periosteum or the parosteal
soft tissues and can cause cortical erosion, hyperostosis,
or periostitis, which might result in a misleading radio-
graphic appearance simulating osteochondroma or other
surface lesions [1, 4, 30].

Computed tomography and MR imaging (Fig. 8) can
both be used to verify the fatty component of the tumors,
although the cross-sectional imaging appearance of intra-
osseous lipomas varies with their histologic stage [30].
Solid lesions consisting of viable lipocytes (stage 1)
present with similar attenuation values and signal inten-
sities compared with subcutaneous fat. Stage-2 lipomas
show partial fat necrosis and focal calcifications as well
as areas of viable fat (Fig. 8). In stage-3 lipomas exten-
sive liponecrosis with variable degrees of cyst formation,
calcification, and new bone formation is seen. At this
stage residual fatty tissue might only be detected at the
periphery of the lesions [1, 30].

In general, cross-sectional imaging should only be
performed to confirm the diagnosis in doubtful cases in
order to obviate the need for biopsy.

Fig. 5a–d Low-grade central
chondrosarcoma of the femur
in a 44-year-old woman. a An-
teroposterior radiograph shows
an osteolytic lesion (arrow-
heads) with matrix calcifica-
tions in the lateral femoral con-
dyle. b The CT scan depicts
relatively irregular margins,
chondrogenous matrix calcifi-
cations, as well as focal pene-
tration of the cortex (arrow-
head), which, in addition to
epiphyseal location, strongly
suggests a chondrosarcoma. On
c coronal fat-suppressed T2-
weighted FSE MR image the
lesions shows a lobular appear-
ance and high signal intensity
of non-mineralized matrix.
Cortical alterations are not
clearly demonstrated. d Histo-
logic section (hematoxylin and
eosin stain) from biopsy speci-
men shows a lobule of hyaline
cartilage with atypic chondro-
cytes, consistent with the diag-
nosis of a grade-1 chondrosar-
coma
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Hemangioma

More than 75% of hemangiomas of bone are located in
the spine and the skull, approximately 10% in long
bones, and approximately 5% in the ribs, with the cav-
ernous and capillary form being the most frequent histo-
logic subtypes [1]. The majority of vertebral hemangio-
mas are detected incidentally on radiography or MR im-
aging. Whereas hemangiomas of the spine and skull usu-
ally have an almost pathognomonic radiographic appear-
ance, those located in long or flat bones may cause prob-
lems in differential diagnosis [4]. In long tubular bones,
the lesion most often occur intramedullary but may also
originate from the cortex or periosteum, and like in the

spine, they even may demonstrate simultaneous involve-
ment of bone and adjacent soft tissues [1, 4].

The variable proportions of vascular and lipomatous
soft tissue elements influence the MR appearance of
hemangiomas. Lesions with a predominantly fatty matrix
show high signal intensity on T1-, intermediate to high
signal intensity on T2-, and a loss of signal on STIR- or
fat-suppressed T2-weighted images. If the vascular ele-
ments predominate, the lesions appear hypointense on
T1- and extremely hyperintense on STIR- and T2-
weighted images. Accordingly, contrast-enhancement
within the lesions may be moderate to marked [4, 31].
MR imaging can be helpful in establishing the diagnosis
in doubtful cases, in definition of intraosseous extent,
and in detection of simultaneous soft tissue involvement
(Fig. 9). Since predominantly vascular hemangiomas of
the spine are more likely to undergo progredient expan-
sion, development of a soft tissue mass, and to cause
vertebral instability, MR characteristics are thought to
represent useful indicators of aggressive behavior [31].

In lesions with inconclusive radiographic findings,
CT may at times allow the recognition of typical patterns
of hemangiomatous bone destruction, such as the “hon-
eycomb,” “soap bubble,” or “sunburst” appearance [1,
4]. CT can also be used in differentiation of predomi-
nantly lipomatous or vascular lesions [31]; however, it

Fig. 6a–c Solitary osteochondroma of the ilium in a 22-year-old
woman. a Axial fat-suppressed T2-weighted FSE MR image
shows continuity of the exostotic cortex and bone marrow with
that of the iliac wing. The cartilage cap typically demonstrates
high signal intensity and a hypointense superficial lining with T2-
weighted pulse sequences. b Corresponding macrosection of re-
sected specimen shows classic morphology of an osteochondroma.
c Histologic section (hematoxylin and eosin stain) shows hyaline
cartilage of the cap (C) morphologically resembling that of a phy-
seal growth plate, covered by perichondrium (P). B cancellous
bone of the stalk
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represents the most valuable method in demonstrating
the severity of bone loss of the vertebral elements in
symptomatic vertebral hemangiomas [4], and therefore
can effectively aid in planning and guidance of therapeu-
tic interventions.

Giant cell tumor

Giant cell tumor (GCT) represents a relatively common
osseous neoplasm accounting for up to 10% of all bone
tumors. Due to its aggressive growth it has been termed
semimalignant; however, in the majority of cases
(>90%) GCT is histologically benign and occurs as a
solitary, typically epimetaphyseal lesion [1, 4, 32].

Although CT can help to demonstrate cortical expan-
sion or penetration, trabeculations, absence of matrix
mineralization, and pathologic fracture [32], radiographs

are usually sufficient to establish the diagnosis, particu-
larly if the tumor is located in a long tubular bone. GCTs
of the spine and pelvis are relatively rare [1, 4, 12, 32].

As with other bone tumors, MR imaging is superior to
CT in delineation of soft tissue extension, which can be
observed in GCT in more than one-third of cases, as well
as joint involvement (Fig. 10) [32].

On MR images, GCT usually presents as a well-de-
fined lesion, which can be marginated by a rim of low
signal intensity (Fig. 10) representing either reactive os-
teosclerosis or a fibrous pseudocapsule [32]. Although
signal characteristics of solid tissue in GCT can be un-
specific, many lesions (63–96%) predominantly reveal
moderate to marked hypointensity on T1- as well as T2-
weighted images, a feature that has been attributed to the
presence of hemosiderin deposits and/or high collagen
content, and that can be useful in excluding other lesions
occurring in an epiphyseal location, such as intraosseous

Fig. 7a–d Exostotic chondro-
sarcoma of the femur in a 31-
year-old man. a Anteroposteri-
or radiograph shows an osseous
outgrowth (arrowhead) origi-
nating from the distal femoral
metaphysis as well as irregular
calcifications (arrow). b Coro-
nal T1-weighted SE, c axial
fat-suppressed T2-weighted
FSE, and d contrast-enhanced
fat-suppressed T1-weighted 
SE MR images show an osse-
ous stalk (arrowheads) and an
overlying cartilage cap (ar-
rows) with a maximum thick-
ness of 3.5 cm. The cap dem-
onstrates typical MR character-
istics of hyaline cartilage with
hypointense signal on T1- and
hyperintense signal on T2-
weighted images. Note hypoin-
tense septa as well as “ring-
and-arc” and “septal” pattern of
contrast enhancement. Histolo-
gy confirmed a grade-1 chon-
drosarcoma arising in an osteo-
chondroma
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ganglion, subchondral cyst, chondroblastoma, and clear
cell chondrosarcoma [12, 32, 33]. GCTs often demon-
strate cystic components on MR images, which can de-
velop due to hemorrhage or formation of a secondary an-
eurysmal bone cyst (Fig. 10) [32]. Biopsy should be di-
rected to the solid tissue component, where diagnostic
tissue is much more likely to be obtained [1, 32, 34].

Aneurysmal bone cyst

Aneurysmal bone cyst (ABC) can occur as a primary le-
sion or secondary to other bone lesions, such as GCT, os-
teoblastoma, or chondroblastoma. The primary form ac-
counts for approximately two-thirds of the cases. It is al-
most exclusively found in children and young adults and
shows a predilection for the long tubular bones and the

spine [2, 4, 12, 34, 35, 36]. The classic radiographic ap-
pearance of ABC has been extensively described in the
literature [4, 12, 36]; however, in approximately 40% of
the cases radiographs have been reported to be either in-
conclusive (e.g., due to location at sites of complex skel-
etal anatomy) or unspecific, or to reveal aggressive fea-
tures suggesting malignancy [35, 37].

In addition to radiography, MR imaging represents
the most informative diagnostic modality, since it has the
potential to demonstrate the pathologic anatomy of ABC,
independent from its location within the skeleton or
within a specific bone [12, 34, 36, 37]. The typical MR
appearance of ABC (Fig. 11) is that of an expansile le-
sion consisting of multiple cystic spaces frequently lined
by a rim of low signal intensity, which represents fibrous
tissue. In the majority of cases multiple fluid levels
caused by sedimentation of non-coagulated blood com-

Fig. 8a–d Intraosseous lipoma
of the femur in a 33 year-old
man. a Anteroposterior radio-
graph shows a well-defined ec-
centric osteolytic lesion of the
distal femoral metaphysis with
ballooning of the medial cor-
tex, trabeculations, and a focal
calcification (arrowhead). 
On b sagittal T1-weighted SE,
c coronal T2-weighted FSE,
and d axial fat-suppressed T2-
weighted FSE MR images the
lesion demonstrates signal 
intensities similar to that of
subcutaneous fat. Small cystic
areas (arrows) as well as calci-
fications (arrowheads) are 
consistent with the diagnosis 
of a stage-2 lipoma
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Fig. 9a, b Hemangioma of the
tibia in a 22-year-old woman.
a Lateral radiograph shows a
longitudinally oriented lytic 
lesion with a trabecular pattern
(arrowheads) in the shaft of the
tibia. b Axial T2-weighted SE
MR image demonstrates tubu-
lar structures of high signal in-
tensity (arrowheads) in the tib-
ia as well as in the adjacent soft
tissues, representing intra- and
extraosseous vascular compo-
nents of a hemangioma with
slow blood flow. Note hyper-
trophy of the draining anterior
tibial veins (arrow)

Fig. 10a–d Giant cell tumor of the femur in 29-year-old man. a An-
teroposterior radiograph shows an epimetaphyseal osteolytic lesion
which completely penetrates the cortex at the medial aspect of the
femoral head and neck. b Coronal T1-weighted SE, c corresponding
contrast-enhanced T1-weighted SE, and d axial T2-weighted SE MR

images show an inhomogeneous tumor which invades the joint (ar-
rowheads). The lesion is marginated by a rim of low signal intensity
and demonstrates inhomogeneous contrast enhancement. Cystic ar-
eas with fluid levels seen on T2-weighted image (d) histologically
corresponded with a secondary aneurysmal bone cyst component
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ponents can be detetcted especially on T2-weighted im-
ages [34, 37]. Fluid levels in general are not specific for
ABC but make the diagnosis very likely, particularly if
the entire lesion is composed of cystic cavities [12, 34,
36, 38]. Contrast-enhanced T1-weighted sequences show
enhancement of cyst walls and internal septations which
on histologic examinations typically contain dilated cap-
illaries [34]. In almost one-third of cases MR images re-
veal edema of soft tissues especially adjacent to lesions
with marked expansivity or location at or close to the

bone surface [34, 37]. Besides cystic spaces, primary
ABC can contain relevant portions of solid material,
which can usually be identified by MR imaging [34];
however, the presence of a solid tissue component
should alert to the most important differential diagnoses,
teleangiectatic osteosarcoma, and secondary ABC [34,
38]. In this case, MR should be used to guide biopsy in
order to harvest material from the solid portion of the le-
sion [34].

In our experience and that of other authors [12], CT is
less sensitive in demonstrating the internal features of
ABC. In the series by Hudson, fluid levels were detected
at CT in only 35% of the lesions [39]. As an additional
modality, CT may be beneficial for demonstration of
complex anatomic relationships in lesions located in the
spine or pelvis.

Simple bone cyst

Especially in long tubular bones the radiographic appear-
ance of a simple bone cyst is characteristic in the vast
majority of cases, and further imaging studies are unnec-

Fig. 11a–e Aneursymal bone cyst of the fibula in a 16-year-old
female. a Anteroposterior radiograph shows a highly aggressive
lytic lesion of the proximal fibular meta/diaphysis with a bizarre
interrupted periosteal reaction. b, c MR demonstrates an expans-
ile, exclusively cystic lesion with contrast-enhancing walls and in-
ternal septations on b coronal contrast-enhanced T1-weighted SE
image, and a rim of low signal intensity as well as multiple fluid
levels on c axial T2-weighted FSE image. Note edema of adjacent
soft tissues (arrowheads). d Corresponding macrosection of re-
sected specimen shows a sponge-like lesion consisting of multiple,
variably sized cystic cavities. e Histologic section (hematoxylin
and eosin stain) demonstrates red blood cells surrounded by typi-
cal cyst walls with a pseudoendothelial lining and a fibrous stroma
containing giant cells and dilated capillaries
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essary [2, 4]. Computed tomography at times may be
helpful in identification of pathologic fracture or a “fall-
en fragment,” and can be used in evaluation of the extent
of the lesion in anatomically complex areas such as the
pelvis [4]. Both, CT and MR imaging, can verify the
cystic character of the lesion. Compared with aneurys-
mal bone cysts, fluid levels and internal septations re-
present significantly less frequent MR findings in simple
(unicameral) bone cysts [34, 40].

Eosinophilic granuloma

Eosinophilic granuloma (Langerhans’ cell histiocytosis)
as a solitary bone lesion represents the most common

manifestation of Langerhans’ cell histiocytosis, typically
occurring in children between 5 and 10 years of age. Ad-
ditional bone lesions are detected in only 10–20% of the
patients who initially present with a solitary granuloma.
The skull, femur, vertebrae, pelvis, and ribs are the most
common sites of involvement. Radiographic findings in
eosinophilic granuloma are usually unspecific with the
most important differential diagnosis being Ewing’s sar-
coma, osteomyelitis, and osteblastoma [2].

On MR examinations eosinophilic granuloma presents
as an intramedullary tumor with hypointense T1- and hy-
perintense T2-weighted signal intensity, which corre-
sponds with the lytic lesion seen on radiographs (Fig. 12).
Especially early-stage lesions are often accompanied by
edema of adjacent bone marrow, periosteum, and soft tis-

Fig. 12a–e Eosinophilic granu-
loma (Langerhans’ cell histio-
cytosis) of the tibia in a 7-year-
old boy. a Anteroposterior ra-
diograph shows an intramedul-
lary osteolytic lesion of the tib-
ial diaphysis accompanied by a
subtle lamellar periosteal reac-
tion (arrowhead). b, c MR im-
aging reveals an oval lesion
(arrowheads) within the bone
marrow of the tibia with hypo-
intense signal on b sagittal T1-
weighted SE image and hyper-
intense signal on c sagittal
STIR image, surrounded by 
a zone of extensive edema.
d Axial fat-suppressed T2-
weighted FSE MR image re-
veals circular periosteal and 
parosteal edema, but absence 
of a soft tissue mass. e Photo-
micrograph of histologic sec-
tion (hematoxylin and eosin
stain) shows histocyte-like cells
(Langerhans’ cells) and dense
infiltrates of eosinophils
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sues [41, 42, 43]. T1-weighted pulse sequences following
gadolinium administration usually show diffuse enhance-
ment of the lesion as well as the surrounding reactive
changes [43]. An endosteal rim of low signal intensity at
the periphery of the main lesion, which might be ob-
served on STIR images, has been reported to represent a
possible indicator of initial healing [41]. The MR appear-
ance of eosinophilic granuloma is unspecific and does not
allow a clear distinction from osteoblastoma and osteo-
myelitis. Ewing’s sarcoma, as the most worrisome differ-
ential diagnosis, usually demonstrates more extensive
peritumoral edema [41] as well as a larger extraosseous
soft tissue component. In our experience, the diagnosis of
eosinophilic granuloma can often be established by the
combination of patient age, laboratory, radiographic, and
MR imaging findings.

Tumor-related complications

Except pathologic fracture, complications associated
with benign bone lesions are most commonly caused by
mass effects. Compression of the spinal cord or nerve

roots with consecutive neurologic symptoms is frequent-
ly seen with spinal ABC, osteoblastoma, and osteochon-
droma [12, 24] and can most clearly be demonstrated by
MR imaging [3, 4, 24]. Neurologic symptoms due to de-
formation of the skull are typical sequelae of craniofacial
fibrous dysplasia. Computed tomography is the most
valuable method in defining the degree of craniofacial
bone involvement related to the patients’ symptoms [4].
Various complications caused by compression, mechani-
cal irritation, or injury of adjacent soft tissues, arterial
and venous vessels, and peripheral nerves have been de-
scribed with osteochondromas [4, 24]. Magnetic reso-
nance imaging has been reported to be the most informa-
tive method in evaluation of symptomatic osteochondro-
mas, since it allows distinction of different compression
syndromes, bursa formation, and malignant transforma-
tion [24].

Postoperative recurrence

Imaging of postoperative recurrence of benign bone le-
sions basically follows the same principles as imaging of
the primary lesions. Special considerations have to be
made in the diagnosis of recurrent GCT, ABC, osteoid
osteoma, and benign cartilage-forming tumors.

Postoperative recurrence represents a major problem
in patients with GCTs and ABCs. Both lesions show a
high recurrence rate within the first 2–3 years after initial
treatment [32, 33, 34, 35, 44]. Early detection of postop-
erative recurrence of these relatively rapid growing le-
sions is of great importance in order to avoid further loss
of bone substance and to allow once again surgical inter-
vention with preservation of stability and function of the
affected skeletal elements [44]. Radiographs are of limit-
ed value in early detection of tumor recurrence, since new
areas of bone destruction can be obscured by sequelae of
previous surgery, bone cement, bone grafts, or simply due

Fig. 13a–e Postoperative recurrence of giant cell tumor following
curettage and bone cement (PMMA) filling in a 28-year-old man.
a Anteroposterior radiograph shows epimetaphyseal defect filled
with bone cement. Note normal radiolucent zone at the bone–ce-
ment interface. b Midsagittal contrast-enhanced T1-weighted SE
image demonstrates delicate rim of contrast-enhancing granulation
tissue at the bone–cement interface (arrowheads), which repre-
sents a normal finding following PMMA filling. c More medial
sagittal T1-weighted SE image depicts a nodular mass partially
marginated by a rim of low signal intensity (arrowhead). The 
tumor tissue demonstrates inhomogeneous enhancement on d cor-
responding contrast-enhanced image, as well as areas of low sig-
nal intensity on e T2*-weighted GRE image. Histology (not
shown) confirmed recurrence of giant cell tumor at the bone–
cement interface
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to the limitations of two-dimensional imaging. Both, CT
and MR imaging, are helpful in identification of small ar-
eas of progressive bone destruction [32, 44] and therefore
should additionally be performed in the first 2 years of
follow-up, even if radiographs are unremarkable.

Computed tomography has the ability to depict initial
new bone destruction at the interface between bone ce-
ment and bone after polymethylmethacrylate (PMMA)
filling, which has to be distinguished from the normal ra-
diolucent zone of 1–2 mm thickness that often develops
due to PMMA retraction and the cytotoxic effect of its
exothermic reaction, and which usually does not pro-
gress after 6 months postoperatively [32, 44]. Further-
more, CT can show tumor-related resorption of bone
grafts much earlier than radiographs; however, in our ex-
perience, MR imaging is more specific in differentiation
of early recurrence of GCT or ABC from postoperative
sequelae, such as formation of granulation tissue at a
bone–cement interface or heterogeneous marrow chang-
es seen in incomplete bone graft incorporation [32], be-
cause the signal characteristics and/or morphologic fea-

tures of the recurrent lesions are often similar to those of
the original lesions (Fig. 13).

Recurrence of an osteoid osteoma after surgical resec-
tion or percutaneous treatment is characterized by persis-
tence or recurrence of pain [10, 45]. Like the primary le-
sion, recurrent osteoid osteoma can most reliably be ver-
ified by CT, which shows a persistent, incompletely ossi-
fied, or, rarely, a new nidus [10, 45]. Dynamic CT or MR
imaging can help to identify the site of the recurrence,
when inhomogeneous areas of ostesclerosis and radiolu-
cency hinder exact localization on static images [45].

Enchondromas and osteochondromas rarely recur af-
ter surgical treatment by thorough currettage and com-
plete resection, respectively (2–10%) [1]. Recurrent tu-
mors usually arise from hyaline cartilage or perichondri-
um (osteochondroma) left behind [1, 24, 27]. Especially
in osteochondromas, where recurrence occurs within the
soft tissues, MR imaging represents the most valuable
imaging modality, because it has the potential to demon-
strate typical morphologic features of a cartilage-form-
ing lesion in the recurrent tumor [24].
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