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a  b  s  t  r  a  c  t

Osteochondromas are bone protuberances surrounded by a cartilage layer. They generally

affect  the extremities of the long bones in an immature skeleton and deform them. They usu-

ally occur singly, but a multiple form of presentation may be found. They have a very charac-

teristic  appearance and are easily diagnosed. However, an atypical site (in the axial skeleton)

and/or  malignant transformation of the lesion may sometimes make it difficult to iden-

tify  osteochondromas immediately by means of radiographic examination. In these cases,

imaging  examinations that are more refined are necessary. Although osteochondromas

do  not directly affect these patients’ life expectancy, certain complications may occur, with

varying  degrees of severity.

© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
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r  e  s  u  m  o

Osteocondromas são protuberâncias ósseas envolvidas por uma  camada de cartilagem.

Atingem,  habitualmente, as extremidades dos ossos longos no esqueleto imaturo e os

deformam.  Em geral são únicos, mas a forma de apresentação  múltipla pode ser encon-

trada.  De aspecto bastante característico, são de fácil diagnóstico. Contudo, por vezes, a

localização  atípica (esqueleto axial) e/ou a malignização  da lesão podem dificultar a sua
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pronta  identificação  por exames radiográficos. Nesses casos, exames de imagem mais apura-

dos  são necessários. Apesar de não afetarem diretamente a expectativa de vida do portador,

algumas  complicações,  com variados graus de gravidade, podem ocorrer.
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patients with exostosis, 15% have multiple lesions. In this
presentation, osteochondromas tend to be large and ses-
sile,  with a lobulated abundant cartilaginous cover.5 In the
556  r e v b r a s o r t o 

Introduction

Debate continues as to whether osteochondroma is a devel-
opmental  disorder (pseudotumoral lesion) or a neoplasm.1

Nonetheless, irrespective of whether it is a pseudotumoral
lesion or a more  common benign bone tumor,2 it is certainly an
exostosis (external bone proliferation that deforms the bone).3

This bone protuberance is generally found in the immature
skeleton of children and adolescents (Fig. 1).

According to the World Health Organization (WHO), osteo-
chondromas are bone projections enveloped by a cartilage
cover  that arise on the external surface of the bone.1 Despite
their  predominant composition of bone, their growth takes
place  in the cartilaginous portion.4

They present two distinct clinical forms5: single lesions
(solitary osteochondromas) and several lesions (multiple
osteochondromas).

Solitary  osteochondroma

This entity is also known as an osteochondromatous
exostosis,1 osteocartilaginous exostosis4,5 or simply
exostosis.2

Multiple  osteochondromas

Among the various synonyms used in the literature, the
commonest ones are: hereditary multiple exostosis, multiple
cartilaginous exostosis, hereditary osteochondromatosis and

multiple  hereditary osteochondromatosis.

Fig. 1 – Anteroposterior (AP) radiograph (A) and lateral radiograp
arrows) in the proximal region of the tibia in a skeletally immatu
1 4;4 9(6):555–564

Epidemiology

Solitary  osteochondroma

This form constitutes 10% of all bone tumors and, among
these,  35% (20–50%) of the benign tumors.1,4–8 Single
lesions are found in 85% of the individuals diagnosed with
osteochondroma.5 The exostosis is commonly identified dur-
ing  childhood or adolescence.1,4

Osteochondromas more  frequently affect the appendicular
skeleton (upper and lower limbs).5 The long bones of the lower
limbs  are the bones most commonly affected.6,9–11 The knee
is  the region most affected (40% of the cases) (Fig. 2).5–7,12 After
the  knee, the proximal portions of the femur and the humerus
are  the sites preferentially affected. After osteochondromas
appear in the long bones, they usually become located in the
metaphysis  and only rarely in the diaphysis.2 Flat bones like
the  scapula and hip may  also be involved (Fig. 3).5

Despite the slight predominance of the male gender over
the  female gender that has been reported by some authors,4,5,7

it seems that there is no effective predilection according to
sex.1

Multiple  osteochondromas

Some authors have reported that the incidence of mul-
tiple  osteochondromas is 1:50,000 individuals.1,13 Among

1

h (B) of the left knee. Note exostosis (osteochondroma –
re patient.

same  way as seen with solitary osteochondromas, multiple
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Fig. 2 – The long bones of the lower limbs (knee region) are most commonly affected. (A) Simple lateral radiograph. (B)
Computed tomography with 3D reconstruction. Note lesion (arrows) in the proximal region of the tibia.
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(Fig.  5).1,2

Symptomatic cases are often related to the size and
location of the exostosis. In the immature skeleton, the
steochondromas have a predilection for the metaphysis of
he long bones, and especially those of the lower limbs
Fig.  4).14

The ages of patients with multiple lesions are similar to
hose  of others with single exostoses, and there is also no
redilection according to sex.1

tiology

he cause of osteochondromas remains unknown. Based
n  the similarity of the cartilaginous cover of the exostosis
o  the growth cartilage (growth plate) of the bone, several
ypotheses have been put forward, all of them relating to
lterations  to the growth plate.1 Another fact that corrobo-
ates  the possible correlation between the cartilage (of the
steochondroma and epiphyseal plate) is that when skele-
al  maturity is reached (after adolescence), the growth of
he  lesion usually also ceases.2 Thus, the lesion seems to
esult  from separation of a fragment of growth cartilage
from the immature skeleton), which suffers herniation.2

ontinuous growth of this loose piece of cartilage and its
ubsequent  endochondral ossification forms a salience that
rojects  from the bone surface, coated with a covering of
artilage.2 However, it is still unclear how this separation
ctually occurs.2

The variant with multiple lesions is a dominant autoso-
al  alteration15,16 that is transmitted by both sexes and is

haracterized by the presence of several osteochondromas.2
n this group, most of the individuals have a positive family
istory  and/or mutation in one of the EXT genes.17,18 These
enes  (EXT1, EXT2 and EXT3) are found in chromosomes 8, 11
nd  19, respectively.19–22
Clinical  diagnosis

Solitary  osteochondroma

Among solitary osteochondromas, the vast majority are
asymptomatic.7,8,15,23 In fact, they are usually discovered by
chance.  After they have been detected, they present slowly
increasing bulging and hardened consistency, but are painless
Fig. 3 – Image of 3D reconstruction from computed
tomography of chest. Note single exostosis inside black
oval  figure in the region of the body of the left scapula,
beside the ribs.
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Fig. 4 – Hereditary multiple exostosis. (A and B) In the knees, radiographs showing multiple lesions in the proximal regions

of the tibias and fibulas.

osteochondroma grows slowly and progressively along with
the  bone involved, and it stops when skeletal maturity is
reached.24

In a few cases, pain of greater intensity may be present,
associated with complications of a mechanical origin1 that
are  promoted by the projection of hard tissue (bone) into the
soft  tissues.14 Whether due to simple contact, compression

or  friction, varying degrees of paresthesia, paresis, cracking,
edema,  redness or pallor can be observed, depending on the
anatomical  structure affected by the exostosis.

Fig. 5 – In the clinical examination (A), painless slowly growing b
Radiograph of the proximal region of the right humerus of the sa
In osteochondromas of pedunculate type (see imaging
diagnostics section), acute pain may  occur due to fracturing
of  the base of the pedicle following local trauma.1,4,14,25

Multiple  osteochondromas
In the multiple form of this condition, low height, deformities
of  the bones affected and disproportion between the trunk and
limbs  can be observed.2,5,14,17,26–28 Severe involvement of some
bones promotes shortening and osteoarticular deformity, with

ulging of hardened consistency is sometimes observed. (B)
me patient.
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onsequent limitation of joint range of motion.14 The main
xamples of this comprise deformity of the forearm (due to
hortening  of the ulna), inequality of the lengths of the lower
imbs  and angling (varus or valgus) of the knee (Fig. 6).13,29,30

alignant  transformation

apidly increasing lesion size and local pain processes
uggest that sarcomatous transformation is occurring in
ndividuals  with osteochondroma that was  previously
symptomatic.1,16,28,30,31 Continuing growth of the lesion
fter skeletal maturity is reached should also awaken such
uspicions.  Other clinical findings that are occasionally
eported include slight increases in soft tissues, elevation of
emperature  and local erythema.30

maging  diagnostics

imple  radiographs

he radiographic appearance reflects the composite nature
f  the lesion, formed by cortical and medullary bone tissue,2

hich projects outwards from the affected bone. It is precisely
he  continuity of the lesion with the surface of the host bone
hat  is pathognomonic for osteochondroma.2 This continuity
s  easily observed in lesions that “inhabit” the long bones,2 in
he  standard radiographic views (two images in orthogonal
lanes). However, in planar bones (pelvis and scapula) and

rregular  bones (vertebrae), this relationship and consequently

he  diagnosis may  not be evident on simple radiographs alone
Fig.  7).2

The characteristic image  consists of an external bone
rotuberance1,4 and it may  have a wide base (sessile) or a

multiple exostosis. Note the deformity of the forearm (due
to  shortening of the ulna).

ig. 7 – Radiographs showing projecting osteochondromas (open arrows) in different types of bone. (A) In the long bones
for example, the phalanx – filled arrow), the standard radiographic views (two images in orthogonal planes) are sufficient
or the diagnosis. (B) However, in planar bones (for example, the scapula – filled arrow) and irregular bones, exostoses may
ot be so evident on simple radiographs alone.
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Fig. 8 – Different types of osteochondroma. Note that in examination (A), the lesion on the humerus is sessile (with wide
arro
base – arrows), while in (B), it is pedicled or pedunculated (n

narrow base (pedicled or pedunculated) (Fig. 8). Because of
the  singular appearance of these lesions, it is possible in most
cases,  for example, to do away with biopsies for diagnosing

them.

The  cartilaginous cover is often not visible in these
examinations, because its density is similar to that of

Fig. 9 – Axial computed tomography slices from the distal region
(white oval figure). Note continuity of the lesion with the cortical
adjacent soft tissues.
w base [arrow], i.e. less in relation to its height).

the  surrounding soft tissues.15 However, cartilaginous cal-
cifications  may  sometimes be observed.15,23,31 Irregular

1
calcification is sometimes seen. However, on radiographs
with excessive calcification of “flake” type,1 sarcoma-
tous transformation of the osteochondroma should be
suspected.

 of the thigh. Detail from exostosis in the medial region
 bone (open black arrow) and its relationship with the
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Fig. 10 – Computed tomography images facilitate locating the exostoses (white oval figures) at anatomical sites of greater
c e. (B)
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The lesion surface is lobulated and has an abundant car-
tilaginous cover (Fig. 12).5 These are lesions that vary in

Fig. 11 – Magnetic resonance images. (A) T1-weighted
sagittal image (note hyposignal of the cortical bone and the
omplexity (such as the spine–sacral region). (A) Axial imag

omputed  tomography

his technique complements radiographs and shows details
f  the continuity of the cortical and spongy bone inside the

esion32–37 and their relationship with the adjacent soft tissues
Fig.  9). Axial tomographic slices facilitate interpretation2 of
he  lesions located in anatomical sites of greater complexity,23

uch as the spine and the belts of the upper and lower limb
Fig.  10).

agnetic  resonance

his is an examination that also demonstrates the cortical and
edullary  continuity between the osteochondroma and host

one.2 In the same way  as seen in a normal piece of bone,
he  cortical bone of the exostosis presents low signal intensity
hyposignal) in all sequences, whereas the medullary compo-
ent  continues to have the appearance of the yellow medulla

Fig.  11A).2

This is accepted as the safest imaging method for eval-
ating  structures adjacent to the osteochondroma and for
bserving  and measuring the cartilage cover2,30 that envelops
he  exostosis. The thickness of this layer is used as a criterion
or  differentiating suspected sarcomatous malignant transfor-

ation  from cartilaginous tissue1,30 (Fig. 11B). However, there
s  no consensus of opinions in this regard.30 Some authors1,4,38

ave suggested that a thickness greater than 2 cm (in adults)
ay  be indicative of malignant transformation, while others

ave  accepted this possibility when it is greater than 1.5 cm.2

t has to be borne in mind that during childhood, this car-
ilage  layer is naturally thicker than in the mature skeleton
nd  may  reach 3 cm.  Calcified areas of the cover present low
ignal  intensity in T1 and T2-weighted sequences.2 However,
igh  concentrations of water in the non-calcified portion of

his  layer show an intermediate to low signal on T1-weighted
mages and a high signal on T2-weighted images.2

one  scintigraphy
he cartilaginous tissue (cover) of the exostosis may  or may
ot  present high uptake of radiopharmaceuticals, both under
onditions  of normality and in situations of malignant trans-
ormation  (secondary chondrosarcoma). For this reason, bone
 3D reconstruction.

scintigraphy does not have great value in differentiating
between benign and malignant cartilaginous lesions.39

Anatomopathological  diagnosis

Macroscopic  appearance
lesion [open arrows] and hypersignal of the bone medulla
in  both [filled arrows]). (B) T2-weighted sagittal image (note
that  the greatest thickness of the cartilaginous cover was
around  1.5 cm [between arrows]).
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Fig. 12 – Intraoperative photograph of excision of an
osteochondroma. Note its multilobulated surface and

Fig. 13 – Surgical resection (specimen) was  chosen for this
exostosis  that was causing vascular compression in the
cartilage  cover.

size considerably: from 1 to 10 cm.2 The cartilage cover
may  present dimensions of 1–3 cm in thickness in younger
patients.6,9,12,32,33,40,41

Microscopic  appearance

Solitary and multiple osteochondromas are histologically
similar.30 The lesion presents three layers1: perichondrium
(most external), cartilage (intermediate) and bone (most inter-
nal).

Malignant  transformation

Differentiation from normal cartilage is generally done in rela-
tion to secondary chondrosarcoma of low-grade malignity.30

Loss of cartilage architecture, mitotic activity, presence of cell
atypia and necrosis are some of the findings that may  indicate
secondary  malignant transformation.1

Treatment

Solitary  osteochondroma

Presence of an exostosis is, in itself, insufficient reason for its
surgical excision, especially in isolated cases.42 For individuals
with  single lesions, the management is expectant in the great
majority  of the cases, with successive return visits because of
the  chance (albeit small) of malignant transformation.

Surgical removal is indicated if the tumor causes pain or
functional  incapacity,4 either due to neurovascular compres-
sion  or due to limitation of joint movement  (Fig. 13). Another
situation  for surgical removal relates to fracturing of the base
of  the osteochondroma.25
Multiple  osteochondromas

In these patients, the treatment is more  complex. In the multi-
ple  forms of this pathological condition, osteochondromas are
popliteal  region.

removed surgically for cosmetic reasons,43 in order to avoid
progression of the bone deformities. In the forearm, for exam-
ple,  simple excision of the lesion (in the distal portion of the
ulna)  may  impede local deformity.44

Malignant  transformation

Sarcomatous transformation is generally treated by means of
wide  surgical resection, with preservation of the limb,30 while
following  rigorous oncological criteria.

Complications

Among the possible complications of these lesions are frac-
tures  (generally of pedunculated exostoses, at their base),
vascular  lesions (formation of pseudoaneurysm) and neu-
rological  complications (compression of peripheral nerves,
which  involves the spine or the periarticular regions), for-
mation  of a bursa (which affects the cartilaginous surface
of  the lesion, resulting from local friction) and malignant
transformation.5,14,30,45 This last complication, which is the
most  feared of all the complications, is very variable in fre-
quency:  in solitary osteochondroma cases, it occurs in less
than  1%1,16,23,45; while in patients with multiple lesions it
may  range from 1% to 30%1,4–6,9,46–48 in different series. How-
ever, studies conducted more  recently have suggested that
the  prevalence is lower: 3% to 5% in individuals with multiple
osteochondromatosis.49–54

Final  remarks

Osteochondromas are benign lesions that do not affect life
expectancy.  However, the risk of malignant transformation (to

secondary chondrosarcoma) should be taken onto consider-
ation,  especially in cases of multiple exostoses.

In symptomatic cases or those with atypical locations,
other types of imaging examination should be requested, with
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 view to making a precise diagnosis. Furthermore, if there is
linical suspicion of malignant transformation and/or radio-
raphic  alterations in comparison with old examinations,
agnetic resonance imaging is well indicated for detailed

nalysis on the thickness of the cartilaginous coating.
In  situations in which excision of the osteochondroma is

hosen,  this is usually curative. Recurrence is seen in cases of
ncomplete  removal.

The  overall survival of patients with sarcomatous trans-
ormation is generally good. However, those with poorly
ifferentiated lesions have a much  worse prognosis.

onflicts  of  interest
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