
Introduction

Osteochondromas, also termed osteocartilaginous exos-
toses, are benign cartilage-forming lesions which ac-
count for 10±15% of all bone tumors and apparently oc-
cur in 3 % of the population overall [1, 2, 3, 4]. They rep-
resent pedunculated or sessile osseous excrescenses in
continuity with the marrow and cortex of their host
bone, covered by a cartilage cap which usually ossifies
with skeletal maturity [1, 2, 3, 4]. On occasion, remnants
of a quiescent cartilage cap may persist far into adult life
[5]. The pathogenesis of this entity remains speculative.
Some investigators consider osteochondromas to be
true neoplasms; others believe them to represent growth
defects in the perichondrium, covering the epiphyseal
plate [2, 3]. Occasionally, an osteochondroma can arise
at a site of prior radiation therapy [3]. Solitary osteo-
chondromas show a predilection for the metaphyses of
the long tubular bones, especially the femur, humerus,
and tibia, but have been described in virtually every
part of the skeleton [2, 4]. Multiple osteochondromas
occur as part of a rare familial syndrome with autosomal
dominant inheritance, termed hereditary multiple exos-
toses [2, 3].

Most solitary and multiple osteochondromas are dis-
covered during childhood and are usually asymptomat-
ic. However, several potential tumor-related complica-
tions can occur especially in lesions with marked extent
or location in critical anatomic sites. Clinical symptoms
can result from mechanical irritation or compression of
adjacent structures (soft tissues, bone, internal organs,
peripheral nerves, spinal cord, blood vessels), fracture,
and malignant transformation [2, 6].

In this review we present the MR imaging appear-
ance of symptomatic osteochondromas on the basis of
pathologically confirmed cases from the files of our
bone tumor registrar, which currently contains approxi-
mately 2600 cases of cartilage-forming bone tumors,
among these 1090 osteochondromas and 380 chondro-
sarcomas.
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Abstract. Osteochondromas can be complicated by
mechanical irritation, compression or injury of adja-
cent structures, fracture, malignant transformation,
and postoperative recurrence. Magnetic resonance
imaging represents the most valuable imaging modal-
ity in symptomatic cases, because it can demonstrate
typical features of associated soft tissue pathology,
which can be differentiated from malignant transfor-
mation. Reactive bursae formation presents as an
overlying fluid collection with peripheral contrast en-
hancement. Dislocation, deformation, and signal al-
terations of adjacent soft tissue structures can be ob-
served in different impingement syndromes caused
by osteochondromas. Magnetic resonance imaging
provides excellent demonstration of arterial and ve-
nous compromise and represents the method of
choice in cases with compression of spinal cord, nerve
roots, or peripheral nerves, depicting changes in size,
position, and signal intensity of the affected neural
structures. Malignant transformation as the most
worrisome complication occurs in approximately
1 % of solitary and 5±25 % of multiple osteochondro-
mas. Magnetic resonance imaging is the most accu-
rate method in measuring cartilage cap thickness,
which represents an important criterion for differen-
tiation of osteochondromas and exostotic (low-
grade) chondrosarcomas. Cartilage cap thickness ex-
ceeding 2 cm in adults and 3 cm in children should
raise the suspicion for malignant transformation. Fi-
nally, MR imaging can detect postoperative recur-
rence by depiction of a recurrent mass presenting typ-
ical morphological features of a cartilage-forming le-
sion.
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General features

The overall morphology of osteochondromas can clear-
ly be demonstrated by MR imaging. MR shows continu-
ity of the exostotic bone marrow and cortex with that of
the underlying bone (Fig. 1), allowing differentiation
against other juxtacortical lesions [3, 5]. The covering
cap can be identified with typical signal characteristics
of hyaline cartilage: low to intermediate signal intensity
on T1- and high signal intensity on T2/T2*-weighted
and short tau inversion recovery (STIR) images, and
frequently it is lined by a superficial zone of low signal
intensity, which most likely represents an intact peri-
chondrium [5]. The high signal intensity of the cartilage
covering, observed on T2-weighted images, is presumed
to be related to the high water content of hyaline carti-
lage in relation to its mucopolysaccharide component
[7]. Gadolinium-enhanced T1-weighted images can
show delicate, predominantly peripheral enhancement,
corresponding with fibrovascular tissue covering the
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a b c

Fig.1a±c. Osteochondroma of the fibula in a 23-year-old patient.
a Paracoronal T1-weighted spin-echo (SE) image shows the os-
seous stalk (S) of the osteochondroma in continuity with bone mar-
row and cortex of the fibula, covered by the cartilage cap (C). On
b corresponding contrast-enhanced T1-weighted image and espe-
cially c subtraction image peripheral ªring-and-arcº as well as
ªnodularº enhancement are observed (arrows). Histopathology
showed typical features of an osteochondroma without evidence
of malignant transformation

a b c

Fig.2a±c. A 28-year-old female patient with enlarging mass in the
right axilla. Sagittal oblique a T1-weighted, b contrast-enhanced
T1-weighted, and c axial T2-weighted SE images show an osteo-
chondroma originating from the inferior angle of the scapula (ar-
row) as well as an encapsulated fluid collection (arrowheads) with
marked peripheral contrast enhancement. Surgery confirmed an
inflamed bursa overlying the osteochondroma with no evidence
of chondrometaplastic change. Note hyperintense signal of fluid
on T1-weighted MR images due to high protein content as well as
irregular bursal sac thickening caused by hyperplastic pseudosyno-
vium



non-enhancing hyaline cartilage [8]. Calcifications of
the cartilaginous matrix normally present as regions of
signal loss on images of all pulse sequences. After com-
plete ossification with cortical and medullary bone for-
mation the former cap often remains distinguishable
from the pedicle by a hypointense line, resembling a
fused growth plate.

In our current MR imaging protocol for bone tumors
we routinely perform pre- and post-contrast T1-weight-
ed spin-echo (SE) sequences in the coronal or sagittal
plane as well as axially oriented proton-density/T2-
weighted SE and post-contrast fat-suppressed T1-
weighted SE sequences. In cases of osteochondromas

the imaging plane along the long axis of bone usually
has to be modified depending on the orientation of the
osteochondroma (paracoronal/parasagittal) in order to
depict the full extent of the lesion. Long axis images af-
ter contrast administration are obtained without fat sup-
pression, because in our experience subtle enhancement
occurring in well-differentiated cartilage-forming le-
sions is often more easily identified on non-fat-sup-
pressed or subtraction images (Fig.1), probably due to
the increased signal intensity of hyaline cartilage with
fat suppression. The reason for using conventional SE
rather than fat-suppressed fast-spin-echo (FSE) se-
quences for T2-weighted images is much more of a
ªphilosophicº than a rational one, because both imaging
techniques can successfully be performed on solitary
bone lesions. However, we believe that T2-weighted
conventional SE images still allow a better differentia-
tion of signal intensities within different ªbrightº struc-
tures such as hyaline cartilage and fluid.
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a b

Fig.3a, b. Musculoskeletal sequelae. a Fat-
ty atrophy of adjacent muscles (arrowheads)
in a patient with large osteochondroma (O)
of the femur (F), covered by a thin cartilage
cap (arrows; axial T1-weighted SE image).
b Pressure erosion of the distal tibia (arrow-
heads) caused by an osteochondroma of the
fibula. Note hyperintense signal of cartilage
cap (arrows) on coronal T2*-weighted gra-
dient-echo image

a b c

Fig.4a±c. A 14-year-old male patient with acute pain in the distal
thigh after local trauma. a Coronal T1-weighted and b,c axial T2-
weighted SE images demonstrate a pedunculated osteochondroma
of the distal femur with a large reactive bursa (arrowheads). Espe-
cially on T2-weighted image (b) the cartilage cap can be differenti-
ated from overlying bursa fluid. Note bone marrow edema and dis-
continuity of the stalk (arrow) as well as soft tissue edema due to
fracture



Musculoskeletal complications

Musculoskeletal complications in patients with osteo-
chondromas can become evident due to chronic me-
chanical irritation as well as acute trauma. Reactive bur-
sa formation is a well-known sequel, which most often
occurs within the shoulder region and which can be
complicated by inflammation, infection, hemorrhage,
and chondrometaplastic change with loose body forma-
tion [4, 6]. The clinical presentation of an enlarging,
painful mass can be mistaken for malignant transforma-
tion [6]. On MR images a bursa presents as a localized
fluid collection overlying the osteochondroma (Figs. 2,
4) [4]. Marked synovial enhancement within the bursa,
bursal sac thickening, as well as edema of surrounding
soft tissues is observed in cases of inflammation, infec-
tion, and hemorrhage [6]. Due to the presence of fibrin-
ous deposits or methemoglobin, the T1 relaxation time
of bursa fluid can be shortened, leading to a high signal
intensity of fluid content on T1-weighted images
(Fig. 2).

Tenosynovitis, tendon snapping, recurrent tendon
dislocation, locking or restricted motion of joints, im-
pingement syndromes, muscle injury, and muscular at-
rophy are further soft tissue effects, which vary depend-
ing on the location of the osteochondroma [6, 9]. Due to
its multiplanar imaging capabilities and superior soft tis-
sue contrast, MR imaging can be used to determine ex-
actly the relationship of symptomatic osteochondromas
to adjacent musculoskeletal structures [9]. Increased
T2-weighted signal intensity of overlying muscles,
thought to represent edema, has been reported in pa-
tients with impingement symptoms caused by osteocar-
tilaginous exostoses of the femur [9]. Furthermore, the
presence and extent of muscular atrophy with consecu-
tive lipomatosis can reliably be assessed by MR imaging
(Fig. 3 a).

Bone deformity due to growth disturbances and fail-
ure of normal tubulation are typical symptoms in pa-

tients with hereditary multiple exostoses [3, 6]. Howev-
er, pressure erosion (Fig. 3b) and deformity of an adja-
cent bone can also be observed in patients with solitary
osteochondromas [3]. The affection of normal growth
plate function can lead to growth retardation, deformi-
ty and restricted motion of joints, and premature os-
teoarthritis [6]. Fracture through the stalk of an osteo-
chondroma is an uncommon complication that usually
occurs after local trauma (Fig. 4). Although fibrous
nonunion with persistent pain has been described, the
majority of these fractures heal without sequelae [10].
On occasion non-pathologic fractures can incidentally
involve an osteochondroma which has not been detect-
ed previously (Fig. 5) Usually, bone and joint complica-
tions in patients with osteochondromas can sufficiently
be depicted by means of plain radiography. Magnetic
resonance imaging can obtain additional information
by demonstrating signs of early osteoarthritis and/or
ruling out associated soft tissue pathology or malignant
transformation. Extensive soft tissue edema after frac-
ture should not be misinterpreted as a sign of malig-
nancy (Figs. 4, 5).

Thoracic and abdominal complications

Injury to internal organs caused by osteochondromas
is extremely rare [6, 11]. Exostoses of the ribs and
sternum can cause pleuritic or flank pain due to
chronic irritation of the pleura or abrasion of the dia-
phragm (Fig.6). Pneumothorax, hematothorax, rup-
ture of pericardium, thoracic outlet syndrome, and
dysphagia have been described as rare tumor-related
complications [6, 11, 12, 13]. In patients with osteo-
chondromas of the pubic bone the mechanical effect
on the bladder may lead to cystitis or hematuria
(Fig. 7) [6]. Especially in sites of complex skeletal
anatomy MR imaging in addition to radiography can
help to establish the diagnosis of a benign osteocarti-
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a b

Fig.5a, b. A 14-year-old male
patient with transverse fracture
of the proximal humerus after
adequate trauma. a Coronal and
b axial fat-suppressed T2-weight-
ed FSE images show a sessile os-
teochondroma at the medial as-
pect of the humeral metaphysis.
The hyperintense cartilage cap
(arrowheads) typically demon-
strates a superficial zone of low
signal intensity. Fracture lines
(arrows) extend into the osseous
part of the osteochondroma.
Note posttraumatic bone marrow
edema and extensive edema of
surrounding soft tissues. On fol-
low-up the fracture healed under
conservative treatment



laginous tumor as the cause of the patients' symptoms.
Due to its multiplanar capabilities, MR appears to be
the best suited imaging modality for demonstrating
the relationship of the exostosis to thoracic and ab-
dominal organs (Figs. 6, 7).

Vascular complications

Osteochondromas located close to large vessels can lead
to several acute and chronic vascular complications. Ar-
terial injury most commonly involves the popliteal and
distal femoral region, where the arteries are relatively
fixed in position. Furthermore, the distal femur and
proximal tibia and fibula represent common locations
for large osteochondromas to occur [14, 15, 16].
Pseudoaneurysm (Fig. 8), arterial thrombosis, thrombo-
embolism, arterial compression with claudication, and
transsection have been reported [6, 14, 15, 16]. Venous
complications are less frequent sequelae, which include
chronic venous compression and thrombosis [14]. Most
vascular complications occur at skeletal maturity, as os-
sification of the cartilaginous cap increases the risk of
injury to adjacent vessels [15]. Angiography or Doppler
ultrasound are usually required to demonstrate arterial
and/or venous complications [14, 17]. On contrast-en-
hanced CT the thrombosed lumen of a popliteal artery
pseudoaneurysm can be misdiagnosed as malignant
transformation of the osteochondroma [18]. Magnetic
resonance imaging has been shown to provide excellent
demonstration of both, arterial and venous compromise.
Due to their angiographic effect, gradient-echo se-
quences proved to be useful in depiction of the anatom-
ic relation between the osteochondroma and com-
pressed vessels [14]. Arterial pseudoaneurysms usually
demonstrate inhomogeneous signal intensity caused by
blood-breakdown products of different age within
thrombosed material and turbulent flow [6], typically
resulting in an onion-skin-like, laminated appearance
(Fig. 8 c) [19, 20].

Neurologic complications

Osteochondromas of the peripheral skeleton can cause
nerve compression with consecutive entrapment neur-
opathies or nerve palsies. The peroneal nerve represents
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a b

Fig.6a, b. A 28-year-old female
patient with pleuritic pain caused
by a large rib osteochondroma
(arrow) protruding into the tho-
rax. Sagittal a T1-weighted and
b T2-weighted SE images

a

b

Fig.7a, b. A 35-year-old female patient with symptoms of chronic
cystitis. a Coronal T1-weighted and b axial T2-weighted SE im-
ages show a large osteochondroma of the pubic bone (arrows)
compressing the urinary bladder (B)



the most commonly affected structure. Motor weakness
or peroneal nerve palsy can occur as sequelae of chronic
neural compression by osteochondromas located at the
proximal tibiofibular articulation [6]. Palsies of the axil-
lary and radial nerves have been described in patients
with osteocartilaginous exostoses of the proximal hu-
merus [21]. Magnetic resonance imaging is valuable to
verify peripheral compressive neuropathies caused by
osteocartilaginous exostoses. Changes in signal intensi-
ty, size, or position of the involved peripheral nerve
have been shown to represent suggestive MR findings
of compressive and entrapment neuropathies [22]. In
advanced cases with muscle denervation MR images of-
ten show increased signal intensity of the corresponding
muscle groups, progressing to muscular atrophy with
fatty infiltration (Fig.9) [22].

Spinal osteochondromas are uncommon, accounting
for only 1±4 % of solitary osteochondromas and occur-

ring in only 7±9 % of patients with hereditary multiple
exostoses [2, 13, 23, 24, 25]. Osteochondromas of the
spine predominate in the posterior elements but can oc-
casionally originate from the vertebral body (Fig. 10)
[2]. Possible symptoms due to compression of the spinal
cord or nerve roots include myelopathy, paraplegia, ra-
diculopathy, paraesthesia, and paresis [6, 13, 23, 24, 25,
26]. Anterior osteochondromas of the cervical spine
can present with hoarseness and dysphagia [13, 23].
The neurocranium represents a very rare site of osteo-
cartilaginous exostoses. Osteochondromas, which de-
velop from the skull base or parasellar region, can occa-
sionally become symptomatic with ataxic gait, visual
disturbances, cranial nerve deficits, and headaches [6].
Magnetic resonance imaging represents the most infor-
mative imaging modality in patients with spinal or crani-
al osteochondromas. On the one hand, MR imaging can
demonstrate typical morphologic features of this osteo-
cartilaginous lesion, and therefore allows a definite dif-
ferential diagnosis against other spinal or cranial mass-
es; on the other hand, it offers detailed information on
associated myelopathy (Fig.10) and compression of
nerve roots or intracranial structures [26]. As surgical
planning requires an exact definition of the site of origin
of spinal osteochondromas, section orientation should
be modified dependent on the individual anatomic loca-
tion in order to depict the location of continuity of the
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a b c

Fig.8a±c. A 22-year-old male patient with hereditary multiple ex-
ostoses who developed pain and a pulsatile mass in the distal femo-
ral region. a Sagittal T1-weighted and b,c axial T2-weighted SE
images demonstrate two pedunculated, completely ossified osteo-
chondromas of the distal femur (arrows) as well as a large pseudo-
aneurysm (arrowheads) of the femoral artery. Note onion-skin-like
appearance of thrombosed material within aneurysm on T2-
weighted image (c)

a b

Fig.9a, b. A 58-year-old patient with pero-
neal nerve palsy. a Sagittal T1-weighted
and b axial T2-weighted SE images show an
osteochondroma (O) of the proximal fibula
(F). The former cartilage cap is completely
ossified but is still distinguishable from the
stalk by a line of low signal intensity (ar-
rows). Images depict contact to the common
peroneal nerve (arrowhead), which is dis-
placed and slightly thickened. Note pro-
nounced fatty atrophy of anterior extensor
muscles



osseous component with the vertebra (vertebral body,
pedicle, posterior elements).

Malignant transformation

Malignant transformation represents the most worri-
some complication, observed in approximately 1% of
patients with solitary osteochondromas and 5±25 % of
patients with hereditary multiple exostoses. Sessile os-

teochondromas are more likely to undergo malignant
transformation than pedunculated lesions [3]. The re-
sulting malignant tumor most commonly is a chondros-
arcoma (ªsecondaryº or ªexostoticº chondrosarcoma;
Figs. 11, 12) [3, 6]. Painfulness or growth of an osteo-
chondroma after skeletal maturity should always alert
to the possibility of malignant transformation [2]. Carti-
lage cap thickness is an important criterion for differen-
tial diagnosis, since exostotic chondrosarcomas, which
most often represent low-grade tumors, are difficult to
diagnose as malignant on the basis of histologic findings
alone [3, 5]. Malignancy should be suspected, if the
thickness of the cap exceeds 2 cm in adults and 3 cm in
children [5, 27]. Computed tomography and US have
been applied in measuring cartilage cap thickness [5,
27, 28, 29, 30]. Computed tomography has been proven
to be inaccurate, because it tends to underestimate the
extent of the cartilage cap, which due to similar attenua-
tion values is often indistinguishable from adjacent soft
tissues [27, 29]. Ultrasound appears to be more reliable
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a b

Fig.10a, b. A 14-year-old male patient with
symptoms of progressive paraparesis. Sagit-
tal a T1-weighted and b T2-weighted FSE
images show an osteochondroma arising
from the body of the second thoracic verte-
bra and causing compression of the spinal
cord. Osseous and cartilaginous tumor com-
ponents are clearly depicted. Note hyperin-
tense signal of cartilage cap (arrowhead) on
T2-weighted image (b) as well as hypoin-
tense lining (arrow), indicating an intact
perichondrium

a b c

Fig.11a±c. Exostotic chondrosarcoma of the right scapula in a 31-
year-old female patient who presented with paravertebral pain and
a palpable mass. Axial a T1-weighted, b T2-weighted, and c con-
trast-enhanced T1-weighted SE images show a cartilage cap with
a thickness of more than 3 cm. Note hypointense septae (arrows)
on T2-weighted image (b) as well as ªring-and-arcº and ªseptalº
enhancement (arrowheads) on post-contrast T1-weighted image
(c). Histology confirmed a grade-1 chondrosarcoma arising in an
osteochondroma



in visualization and measurement of the cartilaginous
cap, but shows substantial limitations in cases where
the lesion is inwardly oriented, deeply located within
soft tissues [30], or located in sites of complex skeletal
anatomy (e. g., spine, thorax). Magnetic resonance im-
aging is the most accurate imaging modality for mea-
surement of cartilage cap thickness, and therefore is
the method of choice in cases which are suspect of ma-
lignant transformation [5, 29, 30], independent of the
anatomic site of the lesion.

The presence of low signal intensity septa on T2-
weighted images and ªseptalº or ªring-and-arcº en-
hancement on T1-weighted images after intravenous
contrast administration (Figs. 11, 12) have been report-
ed to represent additional criteria which suggest the di-
agnosis of a low-grade chondrosarcoma [8, 31, 32]. How-
ever, these features are discussed controversially in the
literature, because they also are observed in benign car-
tilage-forming tumors [33].

Dynamic contrast-enhanced MR imaging studies us-
ing fast gradient-echo sequences have been applied
with a view to differentiate benign from malignant
bone lesions. In a preliminary investigation Geirnaerdt
and coworkers reported fast dynamic MR imaging to
be helpful in discrimination of benign (osteochondro-

mas, enchondromas) and low-grade malignant cartilage
tumors [34], although their study showed an overlap in
early enhancement patterns of chondrosarcomas and
osteochondromas in the immature skeleton. Van der
Woude and coworkers, who among other bone tumors
also studied cartilage-forming lesions, did not observe
differences in enhancement onset, pattern, or progres-
sion, which could be used to accurately differentiate be-
nign and malignant lesions [35]. Especially in the differ-
ential diagnosis of low-grade malignancies vs benign le-
sions they reported low sensitivities and specificities.
Considering the facts that vascularity, on the one hand,
is not a criterion for histopathological distinction be-
tween benign and malignant cartilaginous lesions [33],
and gadolinium-enhanced MR images, on the other
hand, depict tissue vascularization and perfusion rather
than benignity or malignancy, we believe the use of stat-
ic and dynamic contrast-enhanced sequences in the de-
tection of malignant transformation of osteochondro-
mas to remain questionable. Further studies on larger
series of patients might prove helpful in evaluation of
these imaging techniques.
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a b

Fig.12a, b. Large secondary chondrosarco-
ma of the proximal tibia (T) in a 30-year-old
male patient with pain and swelling of the
right lower leg. a Axial T2-weighted SE im-
age shows a lobulated, hyperintense mass
(arrowheads) with hypointense septae. The
tumor causes osseous destruction of the
stalk (S) of the former osteochondroma and
encases the fibula (F). b On a sagittal con-
trast-enhanced T1-weighted SE image
marked enhancement with ªring-and-arcº as
well as ªseptalº pattern (arrows) is observed

a b

Fig.13a, b. A 21-year-old female
patient with hereditary multiple ex-
ostoses who redeveloped pain and
swelling after resection of an osteo-
chondroma of the distal femur (F).
Magnetic resonance imaging de-
picts a lobulated mass (arrowheads)
within the parosteal soft tissues,
demonstrating hyperintense signal
on axial a T2-weighted SE image
and hypointense signal with marked
peripheral enhancement on b fat-
suppressed contrast-enhanced T1-
weighted SE image. Surgery con-
firmed a recurrent cartilaginous tu-
mor, which on histologic examina-
tion was diagnosed as a low-grade
chondrosarcoma



Postoperative recurrence

Symptomatic osteochondromas usually require surgical
removal. Resection has to include the entire cartilage
cap with an intact periosteum, as postoperative recur-
rence of tumor growth may arise from hyaline cartilage
or perichondrium left behind [5, 36]. Recurrence has
been reported to occur in approximately 2 % of cases
following operative therapy [36]. Histologically, recur-
rent tumors can represent both, benign cartilaginous le-
sions and low-grade chondrosarcomas. Magnetic reso-
nance imaging can be helpful in diagnosis of postopera-
tive recurrence by detection of a parosteal mass with
typical morphologic features of a cartilage-forming tu-
mor (Fig. 13) and by ruling out other reasons for postop-
erative swelling or recurrent pain, such as seroma, ab-
scess, and osteomyelitis.
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