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Hereditary Multiple Exostosis is an intriguing genetic 
condition with a clinical impact in the field of ortho-
paedics, paediatrics and oncology. 
In this review we highlight the current knowledge 
about this condition from a clinical and scientific 
point of view. This gives us more insight into the 
molecular mechanisms and current models on which 
therapeutic agents are based. It allows for a multi­
disciplinary approach to the management of this 
complex condition. 
There is currently no exact pathological model that 
can accurately describe all the findings in the research 
on Hereditary Multiple Exostosis. Promising treat-
ments with blocking agents are currently under inves-
tigation. 
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INTRODUCTION

Hereditary Multiple Exostoses (HME) is an auto-
somal dominant inherited genetic condition with 
abnormal growth of bone, mainly affecting the 
epiphyses of long bones. The incidence in the West-
ern population is 1.5% ; a higher incidence is found 
in isolated groups. The abnormal chondro-osseous 
growths (exostoses) are a consequence of dysplasia 
in the peripheral part of the growth plate. Solitary 
exostoses are the major type of benign bone tu-
mours, called “osteochondromas” and are generally 
diagnosed at a young age. They consist of a bony 
component with a cartilage cap on top. 

Besides cosmetic complaints, patients with HME 
generally report pain and difficulty moving the 
affected joints. In rare cases, exostoses may undergo 
malignant transformation into chondrosarcomas. 
Subtle forms of HME may also be encountered by 
the orthopaedic surgeon.

CLINICAL PRESENTATION

Since most of the patients are asymptomatic at 
birth, early diagnosis can only be made by genetic 
screening, such as with registered affected families. 
Real symptoms will only manifest during growth 
and specifically during childhood. The exostoses 
start to grow, become visible and cause complaints. 
Because lesions on the scapula and tibia are easily 
noticed, these are the bones where the exostoses are 
primarily diagnosed. Fifty percent of all patients 
with HME will present with a clinical visible tu-
mour by the age of 5, and 80% of all patients are 
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diagnosed by the age of 10. Most patients present 
with an average of 6 exostoses, of which the extent, 
size and shape can vary largely (55). Radiographi-
cally we can define two different forms of exosto-
ses : the broad based sessile osteochondroma and 
the small based stalked osteochondroma (45).

The distal femur (90%) and the proximal tibia 
(84%) present a high incidence of exostoses. Disease 
affecting the knee joint has been described in 94% 
of all cases (53). 

Descriptions of affected proximal humerus 
(Fig. 3B), distal ulna and radius, scapula, ribs and 
pelvic girdle (Fig. 5B) are found in the literature, as 
well as rare cases of exostoses on the spine, the 
metacarpals, metatarsals and the sternum. Overall, 
almost any joint or bone in the body may be affected 
by HME. However, the facial bones are never 
affected. This is because facial bones grow by intra-
membranous ossification, a different process from 
growth in the long bones.

If exostoses affect the long bones, the origin of 
the disease lies within the growth plate. As the patient 
grows, exostoses will move towards the diaphysis. 
Exostoses which continue to grow after closure of 
the growth plate and the cessation of growth, should 
be suspected of malignant degeneration (18).

Although exostoses are benign tumours, they can 
lead to a range of clinical problems and complica-
tions. Patients with HME generally have a lower 
height : 37% of male patients and 44% of female 
patients are lower than P5 (65). Severe HME may 
lead to major spinal deformities and scoliosis. The 
limitation of joint range of motion and articular de-
formities are the most frequent complaints reported 
by patients.

Lower limb

The lower limb is mainly affected by a valgus 
deformity which is caused by unbalanced shortening 
of the tibia and fibula (Fig. 1). Disease about the 
knee leads in 33% of patients to a valgus configura-
tion and secondary patellar dislocation (50). 

Coxa valga is associated with exostoses near the 
minor trochanter and is found in 25% of cases (53) 
(Fig. 3A). Acetabular exostoses and deformations 
at the medial femur are rarely found (15,34). Ischio-

femoral impingement has been described due to 
proximal femoral widening in HME (64).

Valgus deformities at the ankle joint are found in 
50% of patients and may exacerbate to medial 
subluxation of the talus (22) (Fig. 4). These axial 
deformities are sometimes mistakenly not regarded 
as an exostosis ; subtle forms may only present as a 
deformed metaphysis with valgus/varus deformity 
of the extremity. These deformities are easily over-
looked.

Upper limb

The upper limb is mainly affected at the elbow 
joint, with exostoses at the elbow described in 40 to 
74% of all patients with HME (21,65,67). Unbalanced 
shortening of the ulna leads to a higher curved ra-
dius and disturbed proximal pronation. In 25% of 
all patients, shortening of the ulna causes sublux-
ation or dislocation of the radial head (47) (Fig. 2). 
The deformities at the elbow are described in the 
Masada classification, with Masada I (incidence 
55%) being an exostosis at the distal ulna with nor-

Fig. 1. — Radiographs of the R knee : AP (A) and lateral (B) of 
a 16-year old boy with symptomatic swelling medially due to 
prominent exostosis. HME was diagnosed at age 14yrs. Note 
valgus deformity of the tibia.

A B
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mal articulation (35). The hand is affected in 30-70% 
of cases and mainly ulnar metacarpals and proximal 
phalanges show abnormal growth (13,67). Rarely an 
exostosis on the distal phalanx can cause a pseudo-
mallet finger (44).

Spinal involvement is described in 7% of all cases 
with rarely life threatening spinal cord compression 
and neurologic conditions (23) (Fig. 5A). 

Complications

Spontaneous haemothorax may be caused by ex-
ostoses of the ribs (61). Chronic irritation of tendons 
and muscles over a bony prominence may lead to 
impingement, entrapment and tendon ruptures. 
When exostoses are located at the medial site of the 
extremity, vascular and neurological complications 
are common. Up to 22% of patients have compres-
sion of peripheral nerves (65). Compression of the 
superficial peroneal nerve at the fibular head is a 
known entity in children with HME. These children 
will present with disturbed dorsiflexion and some-
times a foot drop with a positive heel walking 
test (11).

Vascular complications are mostly seen at the 
lower extremity (83%). Less frequent (10%), but 
the most urgent, are vascular compressions, pseudo- 

Fig. 2. — Radiographs of right forearm taken at the age of 
14 years. Note shortening of the ulna and deformity of the 
wrist. Same MHE patient as in fig 1. Radial head can be dislo-
cated on examination. The patient presented after a traumatic 
incident to the elbow with persistent pain. During this visit in 
outpatient clinic diagnosis of HME was made for the first time.

Fig. 3. — Silent forms of HME at age 14 yrs. Fig 3A shows 
valgus hip with exostosis mimicking gross lesser tuberosity. 
Asymptomatic patient. Fig 3B shows deformity in proximal 
humerus which is asymptomatic. Note the deformed aspect of 
the coraco-clavicular connection and scapular wing, and the 
prominent distal clavicle. These are clinically detectable, but 
totally asymptomatic to the patient.

A AB B

Fig. 4. — Radiograph of left and right ankle joint in patient 
with HME. Fig. 4A shows ankle joints at age 11 yrs, when pa-
tient was seen in out-patient clinic for mild pain in heel region. 
Diagnosis of Weber disease was made. No diagnosis of HME 
was made until the age of 14. Fig. 4B shows same right ankle at 
age 14, which now clearly shows the valgus deformity due to 
HME.

A

B
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of EXT genes, three EXTL or EXT-like genes were 
identified. EXT genes and EXTL genes are consid-
ered as one family of EXT/EXTL genes with very 
similar genetic and molecular function (62,66,71). 
This function however remained unknown until 
Loss-Of-Heterozygosity studies (LOH) of chondro-
sarcomas showed that EXT1/2 were related to pri-
mary chondrosarcomas and malignant degeneration 
of osteochondromas. The researchers concluded 
that the EXT/EXTLgenes functioned as tumour 
suppressor genes (17,40).

2.  EXT genes and heparansulfate

By screening a DNA-library Mc Cormick et al 
discovered a gene that could restore heparansulfate 
(HS) synthesis in mice. This gene was the already 
identified EXT1 gene (38). Other research in mice 
showed that heparin sulfate polymerase (HS-POL) 
was a key molecule in the synthesis of HS. The gene 
coding for HS-POL was surprisingly the EXT2 
gene (32). Both EXT genes are components of the 
synthesis of HS and are transmembrane glyco
proteins with glycosyltransferase activity. These 
proteins would have to interact and be intact in 
order to make it possible to produce HS. EXT1 
and  EXT2 therefore form a complex at the Golgi 
apparatus, and with the formation of this complex 
there is a significantly higher enzymatic activity 
leading ultimately to a higher production of HS (37). 
The EXTL genes were also found to be associated 
with HS biosynthesis (27,28). All of these genes 
may  have mutations, chain elongations and non-

and real aneurysms, and arterial and venous throm-
bosis (63). These severe complications, with mainly 
the popliteal artery as the involved vessel, should 
always be suspected in HME. 

GENETICS

1.  Ext genes

HME is an autosomal dominant condition with 
an almost complete penetrance (95%) (65). The risk 
that a six-year-old asymptomatic child with an 
affected parent will develop HME is about 20%. At 
birth, this risk is 50% (53). Different genetic loci are 
associated with HME. A first EXT1 locus on 
chromosome 8 (8q24.1) was discovered by Cook in 
1993 (25). Chromosome 8 was suspected as a poten-
tial locus for HME since it was already linked to the 
Langer-Giedion syndrome. On the distal end of 8q a 
locus responsible for the formation of exostoses in 
both genetic conditions was identified as the EXT1, 
or exostosis gene 1 (33,70). Later on a new gene on 
chromosome 11 (11p11-13) was identified as a 
locus for HME and named EXT2, exostosis gene 
2 (57). A third locus on chromosome 19p, suspected 
of causing HME was named EXT3, exostosis gene 
3, but it is considered to be a minor contributor to 
the actual formation of exostoses (31).

EXT1 and EXT2 are very similar genes which 
code for proteins of 80kD which can be modified 
after translation. These genetic and molecular simi-
larities suggest a similar biological function of both 
EXT genes. By researching homologous sequences 

Fig. 5. — More rare locations of HME : spine (Fig. 5A dorsal aspect of thoracic vertebra), pelvis (Fig. 5B iliac wing) and ribs (Fig. 5C 
medial aspect of upper rib in image with mild compression of the pleural membrane – asymptomatic patient).
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ryckx-.indd   600 26/11/13   11:29



Acta Orthopædica Belgica, Vol. 79 - 6 - 2013

	 hereditary multiple exostosis	 601

bone formation which is controlled by paracrine 
signals. Formation is controlled by a negative feed-
back loop between Ihh and Parathormone related 
Protein (PTHrP). This loop creates a regulated 
micro-environment in which chondrocytes can pro-
liferate, migrate and die. This maturation process 
needs strict control by Ihh to maintain the balance 
between longitudinal growth of cartilage and 
­consequent ossification. Ihh regulates the start of 
the hypertrophic differentiation of prehypertrophic 
chondrocytes. Furthermore a fraction of Ihh will 
disperse through the perichondrium to periarticular 
chondrocytes and lead to a production of PTHrP. 
This PTHrP will then slow the further differentia-
tion of proliferating chondrocytes. When chondro-
cytes are fully differentiated and hypertrophic, the 
expression of Ihh stops. 

This allows new chondrocytes to differentiate 
further. Ihh also plays a major role in perichondrial 
ossification, forming a bony collar on the side of the 
bone. The interactions between PTHrP and Ihh, 
controlling phased growth and perichondrial ossifi-
cation are mediated by BMPs (41,42).

4.  One unifying theory

Stickens et al proposed in 2000 that exostoses are 
caused by a disturbed coordination of chondrocyte 
maturation and perichondrial bone formation. A 
localised defect in Hh signalisation leads to a local-
ised defect in perichondrial bone formation. Patients 
with HME have a heterozygous mutation in EXT1 
or EXT2. For the formation of an enchondroma a 
second mutation in either the chondrocytes or the 
perichondrial osteogenic cell is necessary. This sec-
ond mutation would then lead to a complete loss of 
expression of EXT1/EXT2 and this disturbs the 
crosstalk via Ihh and PTHrP between chondrocytes 
and perichondrial osteogenic cells. This local defect 
of regulation leads to a hiatus in the forming of the 
bony collar. This hiatus is a place where chondro-
cytes can escape growth depressing factors (56).

Mice studies with deletion of EXT1 showed 
­disturbed signalisation of Ihh, TGF-β, FGF and 
BMP and a secondary increased production of Ihh. 
This disturbance leads to an elevation of proliferat-
ing chondrocytes and a slowdown in terminal 

sense coding, all leading to structural changes in the 
EXT/EXTL associated proteins (69). Structural 
changes in these proteins then lead to disturbed 
interactions and lower enzymatic activity, which 
causes a lower production of HS. This process and a 
significantly lower amount of glycosyltransferase 
activity was detected in HME patients (6). So a 
disturbance in the HS synthesis is the cause of 
the  formation of exostoses. Heparansulfate chains 
are found on a wide range of proteoglycans and 
perform a broad range of cellular functions. Expres-
sion of these proteoglycans was detected in the peri-
chondrium as well as in the mesenchyme and devel-
oping limbs of mice embryos. CD44 controls the 
binding of Growth Factor via HS chains and regu-
lates cell growth and cell motility. Heparansulfate 
proteoglycans (HSPG) can mainly be found at the 
cell membrane or in the extracellular matrix. Here 
they function as ligands or co-receptors, with HS 
chains as the main interacting and binding com
ponents (12,16). 

The main pathways directed by HSPG’s are 
Fibroblast Growth Factors (FGFs), Vascular Endo-
thelial Growth Factors (VEGFs), and Tumour 
Growth Factor-beta (TGF-β). These pathways 
ultimately lead to the graduated formation of 
morphogenes such as Hedgehog (Hh) or Bone 
Morphogenic Proteins (BMPs) (46).

3.  Hedgehog

Mutation studies in Drosophilia using EXT 
analogue genes showed that elimination of EXT 
genes leads to drastic lowering of expression of 
Hedgehog, BMP and Wingless (Wnt). These three 
proteins are major determinants of embryonic bone 
development (7). The Hh pathway plays a crucial 
role in the differentiation of chondrocytes during 
endochondral bone formation at the growth plate. 
The process of endochondral bone formation starts 
with the change of mesenchymal cells to chondro-
cytes. These chondrocytes then undergo a differen-
tiation out of rest to proliferation, via prehypertro-
phic and hypertrophic stages, until eventually they 
undergo apoptosis. Prehypertrophic chondrocytes 
express the Hh ligand Indian hedgehog (Ihh). This 
Ihh is a major regulating factor for endochondral 
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chondrosarcomas develop in the cartilage cap of an 
existing osteochondroma. The lifelong risk for de-
generation is estimated to be between 1 and 5%. 
The average age at which patients present with 
secondary chondrosarcoma is 34 years. 

This is younger compared to patients with pri-
mary chondrosarcoma. The risk of malignant de-
generation is twice as high in male patients as in 
female patients. Secondary chondrosarcomas fre-
quently arise at the pelvis and femur, less frequently 
at the scapula and humerus. One needs to consider 
the possibility of secondary chondrosarcoma in 
patients presenting with pain, swelling and a 
palpable mass. These symptoms are mainly caused 
by growth of the cartilage cap (56). Rarely these 
tumours of the pelvic bone may cause urologic or 
enterologic problems (39,68). Secondary chondro-
sarcoma is also associated with Ollier disease and 
Maffucci syndrome.

Imaging of the osteochondroma is essential in the 
further work-up of the patient. Radiological follow-
up can detect malignant degeneration at an early 
stage and should be performed yearly. Degeneration 
manifests as a gradual change in a well circum-
scribed mass with bony edges and a cartilage cap 
towards an irregular border and a blurry mass. CT 
and MRI will detect a cartilage cap of more than 
1.5 cm. At the moment, exact thickness of cartilage 
cap and diagnosis of malignancy is still under 
consideration, but a cap thickness of more than 
1.5 cm is highly suspicious of malignancy (45).

A biopsy of the cartilage cap will show hyper-
cellularity and binuclear cells, multiple cells 
arranged in lacunes and myxoid changes. When in-
vasion of surrounding tissue and scattered cartilage 
nodules are present, a more malignant type should 
be considered (2).

A genetic double hit hypothesis for tumour 
genesis in HME describes a primary inactivating 
mutation of both EXT1 genes and a consequent 
secondary mutation in other genes, which leads to 
malignant degeneration. When only the primary 
mutation is present, benign osteochondromas 
develop, with other mutations these will degenerate 
to malignant chondrosarcomas (9). The most degen-
erative mutations lead to constant activation of Hh, 
with no down regulation by PTHrP (60).

differentiation of chondrocytes (19). Mice studies 
with EXT2 linked EXT2 to the FGF-pathway (48).

A novel theory based on previous findings was 
proposed. EXT mutations cause abnormal HS 
chains on HSPGs and this leads to disturbed binding 
of Ihh on Hh protein. Loss of binding leads to 
abnormal diffusion and an excess of free Ihh which 
leads to disturbance of terminal differentiation of 
chondrocytes at the growth plate, as well as 
disturbed perichondrial bone formation. 

With changes in diffusion area of Ihh there is a 
loss of polar organisation on the growth plate. 
Combined with a defect in the bony collar, this leads 
to a pathological process. Chondrocytes proliferate 
further and migrate through the defect, which leads 
to abnormal growth and abnormal bone formation. 
The process exacerbates and there is uncontrolled 
growth of bone and cartilage in an angle opposed to 
normal growth (5,29,51).

In 2005 however another new model by Stickens 
et al was introduced. There were suggestions that 
besides the Ihh-PTHrP pathway, the major defects 
in HME would be located in the FGF and BMP-
TGF β pathway. In normal conditions FGF leads to 
depression of proliferation in long bones by slowing 
chondrocyte differentiation and lowering expres-
sion of Ihh. BMPs antagonise FGF and stimulate 
the differentiation of chondrocytes. In this model 
disturbed HS synthesis leads to lower FGF and dis-
turbed differentiation of cartilage (58). A new recent 
theory unites previous models in one unifying theo-
ry. Wrong signaling pathways (Ihh, FGF, BMP) 
lead to differentiation of some perichondrial chon-
drocytes to hypertrophic chondrocytes. With further 
growth and expansion of the growth plate these 
chondrocytes are stimulated to form bone. 

These angled chondrocytes start to grow in a 
90 degree angle as seen with exostoses. This latest 
model can explain the incomplete penetrance and 
variable distribution of exostoses in HME.

MALIGNANT DEGENERATION

The most feared complication of HME is malig-
nant transformation of an existing osteochondroma 
into a secondary peripheral chondrosarcoma. These 
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pathogenesis of the whole spectrum of benign and 
malignant cartilage tumours. 

Considering previous findings, researchers thought 
that the Hh pathway was a major therapeutic target 
for treating cartilage tumours. In a study of 
chondrosarcoma on mice, triparanol, a hedgehog 
blocking agent was able to reduce tumour volume, 
cellularity and proliferation. These effects are 
achieved by lowering diffusion of Ihh and thereby 
stimulating the differentiation of chondrocytes. 

Hedgehog blocking agents can be used in a neo-
adjuvant fashion, to reduce tumour load before 
surgery and are currently used in several studies on 
brain and skin cancer (26).

Surgical treatment

Indications for surgery are pain, cosmetic com-
plaints, vascular and neurologic complications, 
clinically important malalignment and of course 
malignancy. 

The causative factor for many complaints is 
extrinsic compression by the exostosis of the soft 
tissue envelope, affecting tendons, vessels or nerves. 
Hence treatment is relatively easy and consists of 
removal of the exostosis. The exostosis should be 
sent for pathology examination. The osteotomy is 
performed at the base of the lesion ; sometimes an 
osteoplasty is performed to contour the bone. Care 
is taken to leave a smooth bony surface. A compres-
sion bandage is used postoperatively whenever 
feasible to diminish postoperative haematoma. The 
use of drains is debatable and in our personal 
opinion to be avoided if a compression bandage can 
be applied. Treatment for instability secondary to 
deformations of joints is however difficult and usu-
ally not indicated. Axis corrections are sometimes 
necessary, especially in the lower limb.

Knee

The knee joint is often a site where excision is 
performed for cosmetic or clinical reasons, especially 
in skinnier patients. Symptomatic lesions of the 
distal femur or proximal tibia are treated by simple 
open resection, preserving the soft tissue envelope. 
An endoscopic technique has also been described (36). 
The fibular head is often a site of symptoms due to 

We advocate to screen the patient on a yearly 
basis with radiographs of affected areas and a 
paediatric/orthopaedic clinical examination. Always 
consider the risk of cumulative radiation. The prog-
nosis of secondary chondrosarcomas is good, since 
these tumours rarely metastasise. The 5-year sur-
vival is estimated to be 90%. Patients with a solitary 
osteochondroma have a better prognosis (6% 5-year 
mortality) compared to HME patients (19.6% 5-year 
mortality). High-grade tumours have a higher rate 
of metastases. A wide surgical excision is the treat-
ment of choice (60).

Ten percent of secondary chondrosarcomas are 
classified as dedifferentiated chondrosarcomas, a 
very aggressive type of tumour consisting of two 
components. A low grade, well differentiated chon-
drosarcoma, and a high grade (non-cartilage) sar-
coma. They are peripherally -located in 4-5% of all 
cases and have high metastatic risk and a bad prog-
nosis. Two and five year survival rates are 38% and 
24% respectively. To make matters worse, these 
tumours tend to be resistent to radiotherapy and 
chemotherapy, caused by poor vascularisation, low 
pH and high interstitial pressure (30). EXT gene 
mutations have been found in these tumours, and 
defects in TGF-β and FGF are described. Chemo-
therapeutic agents affecting upstream Her-1 show 
promising results (10).

EXT-gene mutations are described in lung-, liver-, 
breast-, prostate-, brain-, skin- and haematologic 
cancer (24,52,54,59,72). A case report describes the 
correlation of HME and juvenile colon cancer on 
the basis of a common defect in EXTL-3 (49). 
EXTL-3 is known to change the expression of HS in 
mucinous colon carcinoma and is found in 44 to 
53% of cases. Some recommend screening colono
scopy at the age of 30 for all HME patients (26).

Medical treatment

Promising treatments with blocking agents are 
currently under investigation. Hedgehog signalisa-
tion inhibits terminal differentiation of chondro-
cytes and regulates the differentiation status of 
chondrocytes in cartilage caps of osteochondromas. 
Defects in regulation of Hh are present in the 
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lead to a challenge from a technical point of view, 
and sometimes custom implants and/or concurrent 
osteotomies need to be performed.

An interesting finding is that HME patients have 
higher scar tissue production after surgery. It is 
speculated that this is related to EXT mutations hav-
ing an effect on wound healing. This scar tissue is a 
major determinant of patient satisfaction after sur-
gery (20). Most patients are satisfied after surgery 
and 66% would take the decision sooner. Most 
symptoms are relieved by surgery, although pain 
can persist in up to 16% of all patients. Therefore it 
is recommended to adopt a conservative approach if 
pain is the main complaint. It is strongly advised not 
to remove exostoses on a prophylactic basis (8).

In chondrosarcoma, a wide oncologic excision is 
advised. Extensive reconstructions and difficult dis-
sections frequently present an important surgical 
challenge, so this surgery should only be performed 
by experienced surgeons in centers of excellence.

CONCLUSION 

HME is a complex disease which still holds many 
secrets for paediatricians, orthopaedic surgeons and 
researchers. In the past 20 years the genetic and 
cellular mechanisms of HME were unraveled. How-
ever the complex and fascinating interactions of 
cells and molecules at the growth plate still remain 
under investigation. Research and findings on HME 
may offer interesting views on other diseases. They 
give us a better understanding of the role of hepa-
ransulfate in signal transduction, and of the physio-
pathology of other bone and cartilage diseases and 
an insight in skeletal embryology.

Now we look at the EXT-genes as tumour-
suppressor genes with a major role in angiogenesis 
and malignant degeneration. Our hope is that HME 
and the findings on EXT genes and heparansulfate 
pathways may one day lead to the development of 
an effective cancer therapy. 

The orthopaedic surgeon is often the first to diag-
nose the disease and should be aware of the clinical 
presentations of HME in all its forms. Surgical 
treatment usually involves removal of clinically 
important exostoses. Sometimes re-alignment of 
axial bones is required. Surgical treatment of 

peroneal nerve entrapment. Surgery for HME at this 
level traditionally involved resection of the fibular 
head, but a modified technique which preserves the 
fibular head has recently been described (43). Pero-
neal nerve palsy after resection of the fibular head 
for benign tumours was 3% in a large series (1).

Ankle

Distal lesions in the lower limb involve the tibia 
and fibula and often result in axial deformity. Re-
section of symptomatic exostoses in HME at the 
ankle level is delayed until skeletal maturity in most 
cases due to the high recurrence rate in children. 
Symptoms usually occur in the second decade of 
life with ankle restriction, a palpable mass and a 
painful ankle joint (3). Sometimes the progressive 
axial deformity necessitates an intervention at 
younger age. Various techniques have been de-
scribed ; the Ilizarov technique with external frame 
is particularly useful in this setting.

Elbow and forearm

Since ulnar shortening and radial head instability 
at the elbow is the main complaint in HME of the 
distal upper limb, resection of a symptomatic exos-
tosis of the forearm is sometimes not sufficient to 
relieve symptoms. Ulnar lengthening with external 
fixation has been described, providing improvement 
in instability symptoms (4). However a recent re-
view of 31 forearm corrections in 23 patients for 
HME evaluating various corrective procedures 
(resection of exostoses, ulnar and/or radial length-
ening, corrective osteotomy of radius/ulna, radial 
head resection or open reduction) showed no benefit 
of these corrective procedures. Ulnar lengthening 
was particularly prone to complications. Therefore 
it was suggested by the authors that one should only 
resect the exostoses. It was shown that forearm rota-
tion and cosmesis were improved by resection of 
forearm exostoses in HME (14). 

Resection of exostoses at other sites is extremely 
rare ; usually they are performed for neurological 
deficit.

At a later age, degenerative hip and knee disease 
can sometimes warrant joint replacement surgery. 
In the case of HME with malformations, this may 
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role in the onset of endochondral bone formation in hu-
mans, and a reduction in expression has been associated 
with a variety of bone diseases, including the heritable 
disorder Fibrodysplasia Ossificans Progressiva. [provid-
ed by RefSeq, Jul 2008]

Indian hedgehog (Ihh) : This gene encodes a mem-
ber of the hedgehog family of secreted signaling mole-
cules. Hedgehog proteins are essential regulators of a 
variety of developmental processes including growth, 
patterning and morphogenesis. The encoded protein spe-
cifically plays a role in bone growth and differentiation. 
Mutations in this gene are the cause of brachydactyly 
type A1 which is characterized by shortening or malfor-
mation of the phalanges. Mutations in this gene are also 
the cause of acrocapitofemoral dysplasia. [provided by 
RefSeq, Feb 2010]

Parathyroid Hormone Related Protein (PTHrP). 
An ubiquitously expressed, secreted protein with bone 
resorption and renal calcium reabsorption activities that 
are similar to parathyroid hormone. It does not circulate 
in appreciable amounts in normal subjects, but rather 
exerts its biological actions locally. Overexpression of 
parathyroid hormone-related protein  by tumor cells 
results in humoral calcemia of malignancy. (Mesh data-
base).

REFERENCES

1.	Abdel MP, Papagelopoulos PJ, Morrey ME et al. Surgi-
cal management of 121 benign proximal fibula tumors. Clin 
Orthop Relat Res 2010 ; 468 : 3056-3062.

2.	Ahmed AR, Tan TS, Unni KK et al. Secundary chondro-
sarcoma in osteochondroma : report of 107 patients. Clin 
Orthop Relat Res 2003 ; 411 : 193-206.

3.	Akita S, Murase T, Yonenobu K et al. Long-term results 
of surgery for forearm deformities in patients with multiple 
cartilaginous exostoses. J Bone Joint Surg 2007 ; 89-A : 
1993-1999.

4.	Ayerza MA, Abalo E, Aponte-Tinao L, Muscolo DL. 
Endoscopic resection of symptomatic osteochondroma of 
the distal femur. Clin Orthop Relat Res 2007 ; 459 : 150-
153.

5.	Benoist-Lasselin C, de Margerie E, Gibbs L et al. Defec-
tive chondrocyte proliferation and differentiation in osteo-
chondromas of MHE patients. Bone 2006 ; 39 : 17-26.

6.	Bernard MA, Hall CE, Hogue DA. Diminished levels of 
the tumor suppressor proteins EXT1 and EXT2 in exostosis 
chondrocytes. Cell Mot Cytoskeleton 2001 ; 48 : 149-162.

7.	Bornemann DJ, Duncan JE, Staatz W, Selleck S, 
Warrior R. Abrogation of heparan sulfate synthesis in 
Drosophilia disrupts the Wingless, Hedgehog and decapen-
taplegic signaling pathways. Development 2004 ; 131 : 
1927-1938.

chondrosarcoma is reserved for the oncologic 
orthopaedic surgeon.

GLOSSARY

EXT1 gene : exostosin glycosyltransferase 1. This 
gene encodes an endoplasmic reticulum-resident type II 
transmembrane glycosyltransferase involved in the chain 
elongation step of heparan sulfate biosynthesis. Muta-
tions in this gene cause the type I form of multiple exos-
toses [provided by RefSeq, Jul 2008]

EXT2 gene : exostosin glycosyltransferase 2. This 
gene encodes one of two glycosyltransferases involved in 
the chain elongation step of heparan sulfate biosynthesis. 
Mutations in this gene cause the type II form of multiple 
exostoses. Alternatively spliced transcript variants 
encoding different isoforms have been noted for this 
gene. ([provided by RefSeq, Jul 2008])

EXTL-1 gene : exostosin-like glycosyltransferase 1. 
This gene is a member of the multiple exostoses (EXT) 
family of glycosyltransferases, which function in the 
chain polymerization of heparan sulfate and heparin. The 
encoded protein harbors alpha 1,4- N-acetylglucosamin-
yltransferase activity, and is involved in chain elongation 
of heparan sulfate and possibly heparin. [provided by 
RefSeq, Jul 2008]

EXTL-2 gene : exostosin-like glycosyltransferase 2
HSPG’s : Heparansulphate proteoglycans . Ubiqui-

tous macromolecules associated with the cell surface and 
extracellular matrix of a wide range of cells of vertebrate 
and invertebrate tissues. They are essential cofactors in 
cell-matrix adhesion processes, in cell-cell recognition 
systems, and in receptor-growth factor interactions. 
(From Cancer Metastasis Rev 1996 ; 15(2) : 177-86 ; 
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Hedgehog proteins : A family of intercellular signal-
ing proteins that play and important role in regulating the 
development of many TISSUES and organs. Their name 
derives from the observation of a hedgehog-like appear-
ance in DROSOPHILA embryos with genetic mutations 
that block their action.

Mesh database
Bone morphogenic protein (BMP) : The protein en-

coded by this gene is a member of the bone morphoge-
netic protein family which is part of the transforming 
growth factor-beta superfamily. The superfamily in-
cludes large families of growth and differentiation fac-
tors. Bone morphogenetic proteins were originally iden-
tified by an ability of demineralized bone extract to 
induce endochondral osteogenesis in vivo in an ex-
traskeletal site. This particular gene plays an important 

ryckx-.indd   605 26/11/13   11:29



606	 a. ryckx, j. f. a. somers, l. allaert	

Acta Orthopædica Belgica, Vol. 79 - 6 - 2013

25.	Stieber JR, Dormans JP. Manifestations of hereditary 
multiple exostoses. J Am Ac Orthop Surg 2005 ; 13 : 110-
120.

26.	Karibe T, Fukui H, Sekikawa A, Shiratori K, Fujimori T. 
EXTL 3 promoter methylation down-regulates EXTL 3 and 
heparin sulphate expression in mucinous colorectal cancers. 
J Pathol 2008 ; 216 : 32-42.

27.	Kim BT, Kitagawa H, Tamura J et al. Human tumor sup-
pressor EXT gene family members EXTL1 and EXTL3 
encode alpha 1,4-Nacetylglucosaminyltransferases that 
likely are involved in heparan sulfate/heparin biosynthesis. 
Proc Natl Acad Sci USA 2001 ; 98 : 7176-7181.

28.	Kitagawa H, Shimakawa H, Sugahara K. The tumor 
suppressor EXT-like gene EXTL2 encodes an alpha1,4-N-
acetylhexosaminyltransferase that transfers N-acetyl
galactosamine and N-acetylglucosamine to the common 
glycosaminoglycan-protein linkage region. The key 
enzyme for the chain initiation of heparan sulfate. J Biol 
Chem 1999 ; 274 : 13933-13937.

29.	Kronenberg H. Developmental regulation of the growth 
plate. Nature 2003 ; 423 :332-336.

30.	Rozeman LB, de Bruijn IH, Bacchini P et al. Dedifferen-
tiated peripheral chondrosarcomas : regulation of EXT-
downstream molecules and differentiation related genes. 
Mod Path 2009 ; 22 : 1489-1498.

31.	Le Merrer M, Legeai-Mallet L, Jeannin PM et al. A 
gene for hereditary multiple exostoses maps to chromo-
some 19p. Hum Mol Genet 1994 ; 3 : 717-722.

32.	Lind T, Tufaro F, McCormick C, Lindahl U, Lidholt K. 
The putative tumour suppressors EXT1 and EXT2 are 
glycosyltransferases required for the biosynthesis of 
heparinsulfate. J Biol Chem 1998 ; 273 : 26265-26268.

33.	Lüdecke HJ, Ahn J, Lin X et al. Genomic organization 
and promoter structure of the human EXT1 gene. Genomics. 
1997 ; 40 : 351-354.

34.	Malagon V. Development of hip dysplasia in hereditary 
multiple exostosis. J Pediatr Orthop 2001 ; 21 : 205- 
211.

35.	Masada K, Tsuyuguchi Y, Kawai H et al. Operations for 
forearm deformity caused by multiple osteochondromas. 
J Bone Joint Surg 1989 ; 71-B : 24-29.

36.	Matsubara H, Tsuchiya H, Sakurakichi K et al. Correc-
tion and lengthening for deformities of the forearm in 
multiple cartilaginous exostoses. J Orthop Sci 2006 ; 11 : 
459-466.

37.	McCormick C, Duncan G, Goutsos KT, Tufaro F. The 
putative tumor suppressors EXT1 and EXT2 for a stable 
complex that accumulates in the Golgi apparatus and 
catalyzes the synthesis of heparan sulfate. Proc Natl Acad 
Sci USA 2000 ; 97 : 668-673.

38.	McCormick C, Leduc Y, Martindale D et al. The putative 
tumour suppressor EXT1 alters the expression of cell-
surface heparin sulfate. Nat Genet 1998 ; 19 : 158-161.

39.	Merchan E, Sanchez Herrera S, Gonzalez JM. Secundary 
chondrosarcoma. Four cases and review of the literature. 
Acta Orthop Belg 1993 ; 59 : 76-80.

8.	Bottner F, Rodl R, Kordish I et al. Surgical treatment of 
symptomatic osteochondroma : a three to eight-year follow 
up study. J Bone Joint Surg 2003 ; 85 : 1161-1166.

9.	Bovée JV, Cleton-Jansen AM, Wuyts W et al. EXT-
mutation analysis and loss of heterozygosity in sporadic 
and hereditary osteochondromas and secondary chondro-
sarcomas. Am J Hum Genet 1999 ; 65 : 689-698.

10.	Bovée JV, Hogendoorn PC, Wunder JS, Alman BA. 
Cartilage tumours and bone development : molecular 
pathology and possible therapeutic targets. Nature Rev 
Cancer 2010 ; 10 : 481-488.

11.	 Cardelia JM, Dormans JP, Drummond DS et al. Proxi-
mal fibular osteochondroma with associated peroneal nerve 
palsy : a review of six cases. J Pediatr Orthop 1995 ; 15 : 
574-577.

12.	Carey DJ. Syndecans : multifunctional cell-surface co-
receptors. Biochem J 1997 ; 327 : 1-16.

13.	Cates H, Burgess RC. Incidence of brachydactyly and 
hand exostosis in multiple hereditary exostosis. Am J Hand 
Surg 1991 ; 16 : 127-132.

14.	Chin KR, Kharrazi FD, Miller BS, Mankin HJ, 
Gebhardt MC. Osteochondromas of the distal aspect of 
the tibia or fibula. Natural history and treatment. J Bone 
Joint Surg 2000 ; 82-A : 1269-1278.

15.	Felix NA, Mazur JM, Loveless EA. Acetabular dysplasia 
associated with hereditary multiple exostoses. A case re-
port. J Bone Joint Surg 2000 ; 82-B : 555-557.

16.	Hameetman L, Bovée JV, Taminiau AH, Kroon HM, 
Hogendoorn PC. Multiple osteochondromas : clinico
pathological and genetic spectrum and suggestions for 
clinical management. Hered Cancer in Clin Practice 2004 ; 
2 : 161-173.

17.	Hecht JT, Hogue D, Strong LC et al. Hereditary multiple 
exostosis and chondrosarcoma : linkage to chromosome II 
and loss of heterozygosity for EXT-linked markers on chro-
mosomes II and 8. Am J Hum Genet 1995 ; 56 : 1125-1131.

18.	Hennekam RC. Hereditary multiple exostoses. J Med Gen 
1991 ; 28 : 262-266.

19.	Hilton MJ, Gutiérrez L, Martinez DA, Wells DE. EXT1 
regulates chondrocyte proliferation and differentiation 
during enchondral bone development. Bone 2005 ; 36 : 
379-386.

20.	Hosalkar H, Greenberg J, Gaugler RL, Garg S, 
Dormans JP. Abnormal scarring with keloid formation 
after osteochondroma excision in children with multiple 
hereditary exostoses. J Pediatr Orthop 2007 ; 27 : 333-337.

21.	Jaffe H. Hereditary multiple exostosis. Arch Pathol Lab 
Med 1943 ; 36 : 335-357.

22.	Jahhs MH, Olives R. The foot and ankle in multiple 
hereditary exostoses. Foot Ankle 1980 ; 1 : 128-142.

23.	Roach JW, Klatt JW, Faulkner ND. Involvement of the 
spine in patients with multiple hereditary exostoses. J Bone 
Joint Surg 2009 ; 91-A : 1942-1948.

24.	Johansson M, Jin Y, Mandahl N et al. Cytogenetic analy-
sis of the short-term cultured squamous cell carcinomas of 
the lung. Cancer Genet Cytogenet 1995 ; 81 : 46-55.

ryckx-.indd   606 26/11/13   11:29



Acta Orthopædica Belgica, Vol. 79 - 6 - 2013

	 hereditary multiple exostosis	 607

55.	Solomon L. Hereditary multiple exostosis. Am J Hum Gen. 
1964 ; 16 : 351-363.

56.	Stickens D, Brown D, Evans GA. EXT genes are differen-
tially expressed in bone and cartilage during mouse 
embryogenesis. Dev Dyn 2000 ; 218 : 452-464.

57.	Stickens D, Clines G, Burbee D et al. The EXT2 multiple 
hereditary exostoses gene defines a family of putative 
tumor suppressor genes. Nat Genet 1996 ; 14 : 25-32.

58.	Stickens D, Zak BM, Rougier N, Esko JD, Werb Z. Mice 
deficient in Ext2 lack heparan sulfate and develop exosto-
ses. Development 2005 ; 132 : 5055-5068.

59.	Suzuki H, Emi M, Komiya A et al. Localization of a 
tumor suppressor gene associated with progression of 
human prostate cancer within a 1.2 Mb region of 8p22-
21.3. Genes Chromosomes Cancer 1995 ; 13 : 168-174.

60.	Tiet TD, Hopyan S, Nadesan P et al. Constitutive hedge-
hog signaling in chondrosarcoma upregulates tumor cel l 
proliferation. Am J Path 2006 ; 168 : 321-330.

61.	Uchida K, Kurihara Y, Sekiguchi S et al. Spontaneous 
hemothorax caused by costal exostosis. Eur Respir J 1997 ; 
10 : 735-736.

62.	Van Hul W, Wuyts W, Hendrickx J et al. Identification 
of a third EXT-like gene (EXTL3) belonging to the EXT 
gene family. Genomics 1998 ; 47 : 230-237.

63.	Vasseur M, Fabre O. Vascular complications of osteo-
chondroma. J Vasc Surg 2000 ; 31 : 532-528.

64.	Viala P, Vanel D, Larbi A et al. Bilateral ischiofemoral 
impingement in a patient with hereditary multiple exostoses. 
Skeletal Radiol 2012 ; 41 : 1637-1640.

65.	Wicklund CL, Pauli RM, Johnston D, Hecht JT. Natural 
history study of hereditary multiple exostoses. Am J Med 
Gen 1995 ; 55 : 43-46.

66.	Wise CA, Clines GA, Massa H, Trask BJ, Lovett M. 
Identification and localization of the gene for EXTL, a third 
member of the multiple exostoses gene family. Genome Res 
1997 ; 1 : 10-16.

67.	Wood VE, Sauser D, Mudge D. The treatment of heredi-
tary multiple exostosis of the upper extremity. Am J Hand 
Surg 1985 ; 10 : 505-513.

68.	Wuisman PI, Jutte PC, Ozaki T. Secundary chondrosar-
coma in osteochondromas. Medullary extension in 15 of 
45 cases. Acta Orthop Scand 1997 ; 68 : 396-400.

69.	Wuyts W, Van Hul W. Molecular basis of multiple 
exostoses : mutations in EXT1 and EXT2 genes. Hum 
Mutat 2000 ; 15 : 220-227.

70.	Wuyts W, Van Hul W, Wauters J et al. Positional cloning 
of a gene involved in multiple hereditary exostoses. Hum 
Mol Genet 1996 ; 10 : 1547-1557.

71.	Wuyts W, Van Hul W, Hendrickx J et al. Identification 
and characterization of a novel member of the EXT gene 
family, EXTL2. Eur J Hum Genet 1997 ; 6 : 382-389.

72.	Yeh SH, Chen PJ, Chen HL et al. Frequent genetic altera-
tions at distal regions of chromosome 1p in hepatocellular 
carcinomas. Cancer Res 1994 ; 54 : 4188-4192.

40.	Mertens F, Rydholm A, Kreicbergs A et al. Loss of 
chromosome band 8q24 in sporadic osteocartaliginous 
exostoses. Gen Chrom Cancer 1994 ; 9 : 8-12.

41.	Minina E, Kreschel C, Naski MC, Ornitz DM, 
Vortkamp A. Interaction of FGF, Ihh/Pthlh, and BMP 
signaling integrates chondrocyte proliferation and hyper-
trophic differentiation. Dev Cell 2002 ; 3 : 439-449.

42.	Minina E, Wenzel HM, Kreschel C et al. BMP and  
Ihh/PTHrP signaling interact to coordinate chondrocyte 
proliferation and differentiation. Development 2001 ; 128 : 
4523-4534.

43.	Mootha AK, Saini R, Dhillon M et al. Modified resection 
technique for proximal fibular osteochondromas. Orthop 
Traumatol Surg Res 2011 ; 97 : 569-573.

44.	Murase T, Moritomo H, Tada K, Yoshida T. Pseudo
mallet finger associated with exostosis of the phalanx. Am J 
Hand Surg 2002 ; 27 : 817-820.

45.	Murphey MD, Choi JJ, Kransdorf MJ, Flemming DJ, 
Gannon FH. Imaging of osteochondroma : variants and 
complications with radiologic-pathologic correlation. 
Radiographics 2000 ; 20 : 1407-1434.

46.	Nadanaka S, Kitagawa H. Heparan sulfate biosynthesis 
and disease. J Biochem 2008 ; 144 : 7-14.

47.	Noonan KJ, Levenda A, Snead J, Feinberg JR, Mih A. 
Evaluation of the forearm in untreated adult subjects with 
multiple hereditary osteochondromatosis. J Bone Joint 
Surg 2002 ; 84-A : 397-403.

48.	Norton WH, Ledin J, Grandel H, Neumann CJ. HSPG 
synthesis in by zebrafish Ext2 and Extl3 is required for Fgf 
10 signalling during limb development. Development 
2005 ; 132 : 4963-4973.

49.	Pata G, Nascimbeni R, Di Lorenzo D et al. Hereditary 
multiple exostoses and juvenile colon carcinoma : a case 
with a common genetic background ? J Surg Oncol 2009 ; 
100 : 520-522.

50.	Pierz KA, Stieber JR, Kusumi K, Dormans JP. 
Hereditary multiple exostoses : one center’s experience and 
review of etiology. Clin Orthop Relat Res 2002 ; 401 : 49-
59.

51.	Razzaque MS, Soegiarto DW, Chang D, Long F, 
Lanske B. Conditional deletion of Indian hedgehog from 
collagen type 2 alpha1-expressing cells results in abnormal 
endochondral bone formation. J Path 2005 ; 207 : 453-461.

52.	Ropero S, Setien F, Espada J. Epigenetic loss of the 
familial tumor suppressor gene exostosin-1 (EXT1) disrupts 
heparin sulfate synthesis in cancer cells. Hum Mol Genet 
2004 ; 13 : 2753-2765.

53.	Schmale GA, Conrad EU 3rd, Raskind WH. The natural 
history of hereditary multiple exostoses. J Bone Joint Surg 
1994 ; 76-A : 986-992.

54.	Seitz S, Rohde K, Bender E et al. Strong indication for a 
breast cancer susceptibility gene on chromosome 8p12-
p22 : Linkage in German breast cancer families. Oncogene 
1997 ; 14 : 741-743.

ryckx-.indd   607 26/11/13   11:29




