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ABSTRACT

Hereditary multiple exostoses (HME) or diaphyseal aclasis is an inherited disorder characterised by the formation of

multiple osteochondromas, which are cartilage-capped osseous outgrowths, and the development of associated osseous

deformities. Individuals with HME may be asymptomatic or develop clinical symptoms, which prompt imaging studies.

Different modalities ranging from plain radiographs to cross-sectional and nuclear medicine imaging studies can be

helpful in the diagnosis and detection of complications in HME, including chondrosarcomatous transformation. We review

the role and imaging features of these different modalities in HME.

Hereditary multiple exostoses (HME), also known as di-
aphyseal aclasis, is an autosomal dominant condition char-
acterised by the presence of multiple oesteochondromas or
exostoses with associated remodelling deformities in bones.
Osteochondromas are cartilage-capped bony outgrowths,
which typically develop around the metaphysis of long
bones and may vary in size, morphology (being sessile or
pedunculated) and number in affected individuals. Genetic
mutations affecting the EXT genes on chromosomes 8q24
(EXT1), 11p11-13 (EXT2) and 19p (EXT3) that encode
glycosyltransferase enzymes involved in the synthesis of
heparan sulphate proteoglycans are thought to cause HME
[1,2]. The most common clinical symptom is the presence
of painless, single or multiple, hard exophytic masses near
the joints of long bones, which may be associated with bony
deformities [3]. Exostoses are usually not present at birth
but become evident between the age of 2 and 10 years, with
a diagnosis established during the first decade in the lives of
.80% of individuals with HME [4]. The exostoses usually
exhibit no further growth after closure of the growth plate
unless complications develop.

IMAGING FEATURES
Exostoses may be unilateral or, more commonly, bilateral
and may involve any bone in the body except the calvarium
[5]. The common sites of involvement include the distal
femur, proximal tibia, wrist and hands, humerus, ankle,

pelvis and ribs [6,7]. Plain radiographs of the affected re-
gion remain the mainstay of radiological diagnosis in HME
helping to readily identify exostoses and bony deformities.
However, other imaging modalities, such as ultrasound,
CT, MRI, radionuclide bone scintigraphy and positron
emission tomography are useful in the detection of HME.

Characteristic long bone deformities are seen in HME, and
these occur because of the disruption of normal epiphyseal
growth plate cartilage with abnormal bone remodeling,
particularly in the diametaphyseal region. About one-third of
patients demonstrate a characteristic “bayonet hand” or
pseudo-Madelung deformity in the upper limbs because of
foreshortening of the ulna in relation to the radius (Figure 1)
[7]. In the lower limbs, osteochondromas are usually found
around the knee joint in the distal femur or proximal tibia
and fibula with a widening of the distal femoral dia-
metaphyseal junction, producing an Erlenmeyer flask de-
formity (Figures 2–4). Valgus deformity of the femur (coxa
valga), producing a more vertical orientation of the femoral
neck (Figure 5), limb length discrepancies and short stature
can also be seen.

COMPLICATIONS IN HEREDITARY
MULTIPLE EXOSTOSES
Malignant transformation with the development of a chon-
drosarcoma in the cartilage cap of an osteochondroma is the
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most feared complication of HME. This is heralded clinically by
pain and a rapid increase in the size of a previously asymptomatic
osteochondroma (Figure 6) [8]. Malignant transformation has an
estimated prevalence of 1% in patients with solitary osteochon-
droma but is much higher (up to 25%) in patients with HME
[4,7]. The thickness of the cartilage cap of an osteochondroma is
used as an indicator of malignant transformation and can be ac-
curately measured using ultrasound (Figure 3) or MRI (Figure 7)
[5,9]. A cartilage cap thickness of .2 cm in a skeletally mature
patient is highly suspicious for malignant transformation, although
the cartilage cap thickness varies depending on skeletal matu-
rity, being thicker (up to 3 cm) in the paediatric population.
Cartilage cap thickness should be measured in a standardised
manner from the osseous interface of the osteochondroma stalk
to the outermost edge of the cartilage cap at its thickest portion,
excluding crevasses. This measurement technique has been

reported to have a sensitivity and specificity of .95% in the
detection of secondary chondrosarcomas using a 2-cm threshold
[10]. Positron emission tomography with 18-fludeoxyglucose has
also been reported to be accurate in the detection of cartilage
dedifferentiation and malignant transformation [11,12] (Figures 8
and 9). However, single standing planar bone scintigraphy has no
value in distinguishing benign osteochondromas from malignant
chondrosarcomas [13].

In addition to the osseous deformities described earlier, addi-
tional complications in HME are mostly related to the presence
of exostoses and include fractures from local trauma, vascular
compromise, impingement on nerves and tendons and overlying
bursa formation [3,4]. Vascular complications occur as a result
of vessel compression or displacement and may result in stenosis
with subsequent occlusion or pseudoaneurysm formation
(Figure 10). Similarly, neurological complications are because of
the direct impingement on adjacent nerves. Spinal cord and
cranial nerve impingements have been described, usually arising
from ribs, vertebral or skull base osteochondromas [14,15].
More common is a peripheral nerve entrapment neuropathy,
which frequently involves the radial and peroneal nerves [16,17].
Bursa formation is most frequently seen in the scapula, hip and
shoulder and is the result of repetitive mechanical friction be-
tween exostoses and soft tissue [5]. Inflammation or bursitis
may lead to further clinical symptoms specific to the site of
involvement (Figure 11). Additional rare but recognised com-
plications include urinary and intestinal obstruction, dysphagia
secondary to ventral cervical exostoses, spontaneous haemo-
thorax secondary to rib exostoses and interference with normal
vaginal deliveries, thereby requiring caesarean section [4].

CONCLUSIONS
HME can be diagnosed based on the typical radiographic find-
ings of multiple exostoses with associated skeletal deformities.
Individuals with HME who develop symptoms of increasing
swelling or pain at an affected body site require careful clinical
work-up and imaging.

Figure 1. Forearm radiographs showing a pseudo-Madelung deformity as a result of ulnar foreshortening with bowing of the radius.

Figure 2. Knee radiographs of a young patient with hereditary

multiple exostoses showing multiple exostoses in the distal

femur and proximal tibia and fibula, which typically point away

from the joint. There is an associated widening of the

diametaphysis resulting in an Erlenmeyer flask deformity.
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Figure 3. (a) Anteroposterior and (b) lateral radiographs demonstrating an exostosis in the proximal left fibula. The cartilage cap is

usually not seen on radiographs but can be detected using (c) ultrasound or MRI. A thickness of .2cm in a skeletally mature patient

may be suspected for transformation to a chondrosarcoma.

Figure 4. Exostosis (black arrow) in the proximal right tibia

causing compression and lateral bowing of the adjacent fibula.

Figure 5. Coxa valga in a patient with hereditary multiple

exostoses showing bilaterally increased femoral angles result-

ing in a more vertical orientation of the femoral neck.

Figure 6. Frontal knee radiographs in a 15-year-old male

patient (a) at the time of diagnosis of hereditary multiple

exostoses demonstrating an exostosis at the distal right femur.

(b) Radiograph taken after 3 years because of symptoms at

the site of exostosis, showing interval growth of the exostosis

after skeletal maturity. Ongoing growth raises suspicion of

malignant transformation, and further evaluation using MRI

should be performed.
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Figure 7. Male patient with known hereditary multiple exosto-

ses presenting with left deltoid pain and swelling. (a) Radiograph

of the left humerus demonstrating two exostoses in the proximal

diaphyseal region. Prominent ring and arc calcification and

thickening of the cartilage cap is seen in the lateral exostosis.

(b) Coronal CT confirms thickening of the cartilage cap sugges-

tive of malignant chondrosarcomatous transformation. (c) Axial

T2 weighted MRI showing a hyperintense thick multilobulated

lesion in the proximal humerus because of an enlargement of the

hyaline cartilage component that is highly suggestive ofmalignant

transformation. (d) Radionuclide bone scintigram showing high

radiotracer uptake in the proximal lateral left humerus corre-

sponding to the site of malignant transformation.

Figure 8. (a) Large right scapular osteochondroma in a patient

with hereditary multiple exostoses presenting with increasing

pain and swelling (black arrow) showing a chondroid matrix

throughout the lesion. (b) Fused axial 18-fludeoxyglucose

(18FDG)-positron emission tomography-CT image demonstrat-

ing 18FDG-avid hypermetabolic foci in the right scapula

concerning for chondrosarcoma.
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Figure 10. Axial CT thorax image showing an exostosis

involving the first right rib adjacent to the brachiocephalic artery.

Direct compression or entrapment of neighbouring vessels can

result in vascular compromise and distal ischaemic symptoms.

Figure 11. Axial T2 weighted MRI of the distal femur in a patient

with pain and swelling in the thigh. A high-signal fluid collection

is seen between the exostosis and vastus lateralis muscle (white

arrow), where associated soft-tissue oedema is present, consis-

tent with bursa formation and inflammation (bursitis).
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