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Abstract

Osteochondroma is the most common bone tumor representing 20%—50% of all benign bone tumors and 10%—15% of
all bone tumors. Osteochondroma has similar radiological appearance in both solitary and multiple forms; the latter is an
autosomal dominant disorder termed hereditary multiple exostoses. Associated complications of osteochondroma include
deformity, fracture, neurovascular compromise, bursa formation, and malignant transformation. Measurement of the cartilage
cap thickness is an important index suggesting secondary malignancy of osteochondroma. The upper limit of cap thickness
after skeletal maturation is 1.5 cm which can be reliably measured on ultrasound or magnetic resonance imaging. Hereditary
multiple exostoses are linked to the mutations of different exostoses genes located on chromosome 8, |1, and 19. We
reported cases of two siblings presented with multiple osteochondromas managed by surgical excision. We evaluated their

clinical and radiological presentation, genetic correlations and compared with the literature.
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Introduction

Osteochondroma or osteocartilaginous exostosis or exos-
tosis is the most common bone tumor in children.!= Cortical
and medullary connection between tumor and parent
bone is the typical imaging finding for the diagnosis of
osteochondroma.*> Osteochondroma may present as solitary
or multiple lesions, the latter is termed hereditary multiple
exostoses (HME), which is an autosomal dominant disorder.
Complications of osteochondroma were reported including
fracture, deformities, bursitis, neurovascular compromise,
and malignant transformation.*® Diagnosis of osteochon-
droma can be made on radiographs. However, cross-sec-
tional imaging is necessary in cases of complications,
especially when malignancy transformation is suspected by
measuring the cartilage cap thickness.’ HME syndrome is
the hereditary form of osteochondroma, caused by mutations
within the EXT1, EXT2, and EXT3 gene.”” This syndrome
presents with the development of multiple exostoses in
members within a family.!” We studied a case of a family
with HME, in which two siblings were evaluated in details
on clinical and radiological aspects. Their genetic correla-
tions including EXT1, EXT2, and EXT3 genes analysis were
also evaluated.

Case report

The 13-year-old elder brother admitted to the outpatient
clinic because of several palpable and painful masses of the
upper and lower limbs (Figure 1). These lesions were
detected 10years ago and gradually grew in number and
size. He was diagnosed with HME at 6 years old, for which
a surgical excision was done to remove the osteochondromas
of bilateral scapula bone. He had been complaining of right
shoulder pain for 2-3 months. No signs of neurovascular
impingement were found during physical examination.
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Figure |. Images of the |3-year-old patient (a), 8-year-old patient (b), their father (c), and grandmother (d) showing multiple palpable

masses of their limbs and chest wall.

Laboratory tests were within normal limit, consisted of com-
plete blood count, urinalysis, and renal function test. A radio-
graphic examination of the axial skeleton demonstrated
multiple osteochondromas of bilateral humerus; distal ulna
and radius; distal and proximal femurs, tibias, and fibulas
(Figure 2). There are deformities of these bones and bilateral
distal tibiofibular joints. The osteochondromas of the right
humeral metaphysis showed rings and arcs calcification
(Figure 2), which were suspected for malignant transforma-
tion. Subsequently, contrast-enhanced MRI was performed

to determine the composition, the cartilage cap of the lesion
and soft-tissue extension. MRI showed a large mass measur-
ing 6 cm of maximal diameter arising from the right humeral
metaphysis with lobulated margin, hyperintensity on PD
FATSAT and hypointensity on T1w images, heterogeneous
enhancement after intravenous injection of gadolinium
(Figure 3). This lesion had heterogeneous calcifications and
a cartilage cap measuring 2-3mm in thickness (Figure 2).
Considering the clinical symptoms and cosmetic reasons,
surgical excision was performed to remove the right humeral
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Figure 2. Radiographies of the |3-year-old patient showing multiple sessile or pedunculated bony structure arising from the right
proximal humeral metaphysis and left proximal humeral shaft (a), bilateral distal femoral metaphysis (b), bilateral proximal and distal
tibial and fibular metaphysis (b and d), bilateral distal radial and ulnar metaphysis (d), consisted with multiple osteochondromas. Both
distal tibiofibular joints were deformed. The right proximal humeral metaphyseal osteochondroma showed rings and arcs calcification,

typical for osteochondroma.

mass. The operation was uneventful. The tumor was sent for
histological evaluation. Histopathology showed the outer
perichondrium, the cartilage cap of 2mm with superficial
chondrocytes clustered, and the bony stalk with endochon-
dral ossification at the base. No malignant tissue was found.

The 8-year-old younger brother presented at the outpa-
tient clinic with several painful and palpable masses around
the upper and lower limbs and right chest wall (Figure 1),
which were noted since he was 2 months old. These lesions
have been gradually growing in number and size ever since.
He had left shoulder pain began approximately 2—3 months
ago without signs of neurovascular impingement of the
affected limbs. He was diagnosed with HME at 6years old
with surgical excision done to remove the osteochondromas
of left scapula and right ribs. Laboratory tests were within
normal range and consisted of complete blood count, uri-
nalysis, and renal function test. The radiographic examina-
tions of the skeleton demonstrated multiple osteochondromas
of the right ninth rib, bilateral humerus; distal ulna and

radius; distal and proximal femurs, tibias, and fibulas; third
proximal phalange (Figure 4). There are deformities of these
bones, rib cage, left distal tibiofibular joint, and right inferior
radioulnar joint. The osteochondroma of the left humeral
metaphysis showed cauliflower-like calcification extending
to adjacent soft tissue. The osteochondroma of the right dis-
tal ulna is noted with rings and arcs calcification and patho-
logic fracture of the right distal radius (Figure 4). Malignant
transformation of these lesions was suspected. Contrast-
enhanced MRI was performed for further investigation
which showed a large mass measuring 9cm of maximal
diameter, arising from the left humeral metaphysis and
another mass measuring 4cm arising from the right distal
ulna. On MRI, these lesions had lobulated margin, PD hyper-
intensity and T1 hypointensity, partial diffusion restriction,
heterogeneous enhancement after injection of intravenous
gadolinium, heterogeneous calcifications, and a cartilage cap
measuring 2-3 mm in thickness (Figure 5). Surgical excisions
of these osteochondromas were performed. The operation
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Figure 3. Contrast-enhanced MRI of the right humeral mass (blue arrow) of the |3-year-old male patient showed hypointensity on axial
Tlw image (a), hyperintensity on coronal PD FATSAT image (b) with a cartilage cap of 2-3 mm thickness (red arrow), well-delineated
margin, heterogeneous enhancement after intravenous injection of gadolinium on axial and coronal post-contrast T| FATSAT images

(c and d).

was uneventful. The tumor was sent for histological evalua-
tion. Macroscopic evaluation showed cauliflower-like
calcification with a very thin cartilage cap (Figure 6).
Histopathology showed the outer perichondrium, the carti-
lage cap of 2mm with superficial chondrocytes clustered,
and the bony stalk with endochondral ossification at the base
(Figure 7). No malignant tissue was observed.

We investigated the medical history and pedigree of our
patient’s family members. The record showed similar clini-
cal conditions in grandmother, father, paternal aunt and her
daughter, and cousins with nearly half of the family mem-
bers affected (Figure 8). The pedigree also showed incom-
plete penetration of this condition in both male and female
members. We were able to collect pictures of their grand-
mother and father showing limbs deformities due to multiple
osteochondromas (Figure 1). No radiography of the affected
family members was done. They had no important complica-
tions except for bony deformities. We decided to perform

whole-exome sequencing of the 13-year-old elder brother,
which was negative for EXT1, EXT2, and EXT3 mutation.

Discussion

Osteochondromas or osteocartilaginous exostoses or simply
exostoses are not true neoplastic lesions but rather develop-
mental lesions of bone. The mechanism of osteochondromas
formation is still unclear but is thought to be the result of
ectopic development of growth plate of cartilage. The epi-
physeal cartilage was separated from normal growth plate
and herniated into the periosteal bone cuff. The enlargement
of this cartilaginous fragment and its eventual enchondral
ossification explained the excrescent growth of osteochon-
droma from bone surface and its cartilage cap.'''* The osse-
ous structure must have cortical and medullary continuity
with host bone to be diagnosed as osteochondroma on
imaging.!!~14
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Figure 4. Radiographies of the 8-year-old patient showing multiple sessile or pedunculated bony structure arising from bilateral
proximal humeral metaphysis, right ribs and right scapula (a), bilateral distal femoral metaphysis (c), bilateral proximal and distal tibial
and fibular metaphysis (c and d), bilateral third proximal phalanges (b), bilateral distal radial and ulnar metaphysis (b), consisted with
multiple osteochondromas. The left proximal humeral osteochondroma and right distal ulnar osteochondroma showed rings and arcs
calcification. Fracture and deformity of right distal radius and deformity of the left distal fibula due to mass effect (red arrow).

In addition to congenital factors, trauma, surgery, or irra-
diation are also proved associated factors related to the
development of osteochondroma. Damaged epiphyseal plate
caused migration of undifferentiated cartilage into the meta-
physis and subsequent development of exotoses, which have
pathological and radiographical similarities with congenital
osteochondromas.!>"!7 Osteochondromas are the most com-
mon radiation-induced tumor, usually seen in patients hav-
ing radiation therapy.'”!8

At macroscopic level, the cartilage cap of an osteochon-
droma has lobulated and bluish-gray surface, hence the “cau-
liflower” appearance. The cartilage thickness varies greatly
from 1 to 3cm in young patients to just few millimeters in
adults.!"»!? The cartilage cap also has areas of calcifications
within its matrix. At microscopic level, the cartilage cap
mimics growth plate with columns or clusters of chondro-
cytes evenly distributed and maturing in an enchondral
process.’

Solitary osteochondroma is usually asymptomatic and
found incidentally during radiological examinations.!!!%!
These lesions accounted for 20%—50% of benign bone tumors

and 10%-15% of all bone tumors.?**! Osteochondromas are
symptomatic mostly in young patients. 75%—80% of these
individuals were diagnosed before the age of 20.!"1%?2 The
male-to-female ratio ranges from 1.6 to 3.4."
Osteochondroma usually presents as a painless, deformed,
and slowly growing exophytic mass. Other symptoms are
related to its complications including osseous deformity,
fracture, vascular or neurologic compromise, overlying
bursa formation, and malignant transformation.”®> The long
bones of lower limbs are mostly affected with 50% of
cases.!l'! Knee is the most common site of osteochondroma
with 40% of cases while femur is the most frequently affected
bone (30% of cases), followed by humerus (10%—-20%),
hands and feet (10%), pelvis (5%), scapula (4%), and spine
(2%).12192* The metaphysis is the most commonly affected
region of long bones while diaphysis is much rarer location.
Solitary osteochondroma usually has typical findings on
radiographs, especially in long bones. The osseous protuber-
ance is typically composed of cortical and medullary bone
and in continuous with parent bones. Depending on whether
the lesion base exceeded its length or not, osteochondroma is
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Figure 5. Contrast-enhanced MRI of the left humeral mass (blue arrow) of the 8-year-old male patient showed hypointensity on
coronal Tlw image (a), hyperintensity on axial PD FATSAT image (b) with a cartilage cap of 2-3 mm thickness (red arrow), clear margin
without indistinction, heterogeneous enhancement after intravenous injection of gadolinium on axial and sagittal post-contrast T |

FATSAT images (c and d).

divided into sessile or pedunculated form. Due to the forces
of attached tendons and ligaments, pedunculated lesions usu-
ally develop away from the closest joint. The cartilage cap
usually presents as arcs and rings or flocculent calcification
on radiograph due to its chondroid nature. Radiograph can-
not well delineate the thickness of cartilage cap except in
cases with important mineralization.’

Computed tomography (CT) with three-dimensional and
thin-session reconstruction is optimal for assessing the
pathognomonic cortical and medullary continuity of the
osteochondroma and its parent bone.?> The role of CT is
higher than MRI in regions with complex anatomy, such as
pelvis or spine, as CT can easily depict the connection of
broad-base lesions.

Measurement of cartilage cap thickness can be performed
on CT. The non-mineralized cap of osteochondroma often
has lower attenuation than muscle on CT due to its high-
water content (75%-80%). The mineralized cartilage cap
always has high attenuation on CT equal to calcific material,

and its measurement on CT is often more accurate than on
MRI. According to the study of Kenny et al. and Hudson
et al.,>>? the benign osteochondroma often has cartilage cap
thickness ranging from 6 to 8§ mm with a maximum of 2.5 cm.
The measurement is highly dependent on skeletal maturity.
Therefore, the cap thickness augmentation should not be
interpreted as malignant sign in skeletally immature patients.

For cartilage cap thinner than 2 cm, ultrasound (US) has
high accuracy with measurement error below 2mm.?’ The
accuracy of US is similar to MRI and higher than CT in this
study. The advantage of US is high tissue resolution which
enables differentiation between fat and muscle layer with the
hypoechoic non-mineralized cartilage cap. US has difficulty
in evaluation of mineralized cartilage cap due to posterior
acoustic shadowing. US accuracy also depends on operator
experience and lesion’s depth.?%2126

MRI is the optimal imaging modality for assessing osteo-
chondroma. The cartilage cap is well delineated on MRI for
measurement. The mineralized cap has low signal intensity
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Figure 6. Resected left humeral mass of the 8-year-old male patient in full observation (a, b, c) and cut in half (d). Macroscopic
evaluation showed cauliflower-like calcification with a very thin cartilage cap.

Figure 7. Microscopic evaluation of the resected humeral mass of the 8-year-old male patient. Histopathology showed the outer
perichondrium (Star, a, H.&E X200), the cartilage cap of 2mm with superficial chondrocytes clustered (Star, b, H&E X40), and the bony

stalk with endochondral ossification at the base (Star, ¢, H&E X400).

on all MR pulse sequences while the non-mineralized cap
has low signal intensity on T1-weighted images and very
high signal intensity on T2-weighted images.?’?” These find-
ings allow accurate measurement of the cartilage cap thick-
ness, differentiation from surrounding soft tissue and mass

effect of the lesion on overlying muscle and neurovascular
structures. Heterogeneity of signal intensity is noted in
young patients due to active growth of the cartilage cap. The
cartilage cap demonstrated septal and peripheral enhance-
ment on contrast-enhanced MRI.282
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Figure 8. Three-generation pedigree of our patients (red circles) with members diagnosed with HME marked by black square or circle.

The appearance of multiple osteochondroma in an indi-
vidual is called HME, also known as familial osteochondro-
matosis.!"'? In 1814, Boyer reported the first case of an
affected family.’® The estimated prevalence of HME is
1:50,000 to 1:100,000 in Western populations.>*!' This con-
dition shows an autosomal dominant inheritance pattern,
with incomplete penetrance in females.’>33 There is also sig-
nificant heterogeneity within families in number of osteo-
chondroma, severity of deformity, and rate of malignant
transformation.

In HME patients, genetic analysis detected abnormalities
in three different loci on chromosomes 8, 11, and 19.3%%
These were termed EXT1 on chromosome 8q23-q24;
EXT2 on 1lpll-pl2; and EXT3 on the short arm of
chromosome 19.3° Sequence analysis suggested that these
genes act as tumor suppressor.** Inactivation of EXT genes
cause osteochondroma formation and also malignant trans-
formation.>*** Genetic analysis of HME families performed
in a study showed only 42% EXT1 mutation and 33%
EXT2 mutation.*® Another French study linked genetic
abnormalities to HME families, in which 28% had EXT1
mutation, 17% had EXT2 mutation, and 10% had EXT3
mutation. Another study that analyzed 73 Chinese pedigrees
with HME patients found 93% mutations of EXT1 and/or
EXT?2 genes.” A study of 33 Polish patients diagnosed with
HME found EXT genes mutations in 84.9% of cases.*® The
rate of mutations varied between cohorts. In our patients,
genetic analysis was done to find EXT1, EXT2, and EXT3
mutations but all were negative. However, the genetic result
could not rule out EXT genes deletion, which is also com-
mon in patients with HME. Therefore, the absence of EXT
genes mutations did not change the final diagnosis.

Comparing to solitary osteochondroma, HME is diag-
nosed earlier, probably due to family history, multiplicity of
lesions and associated severe deformity.** Mostly all patients
were diagnosed before age of 1223, and children older than
12 without lesion detected will not manifest the condition.**
Except calvaria, every bone could be involved, including
scapula and ribs (40% of cases), humerus (50%—98%),
elbow (35%—40%), wrist (30%—-60%), hands (20%—-30%),
pelvis (5%—15%), hips (30%-90%), knees (70%—98%),
ankles (25%-54%), and feet (10%-25%).!%!%2239 Different
genotypes have different forms of manifestation, either sym-
metric or asymmetric distribution of exostoses.>*

Comparing to the solitary form, radiological findings of
osteochondroma are indifferent in the multiple hereditary
form. The increased number of lesions and severity of
deformity in forearms and distal legs might be indicator of
overall disease severity.’* Sessile lesions are more common
than pedunculated ones and associated with more severe
deformity and shortening of the affected limbs.>* A study of
Taniguchi et al.*® suggested that children with osteochon-
droma involved at the distal forearm with shortening of
radius and ulna would have more severe clinical symptoms,
higher rate of malignant transformation and younger age at
diagnosis.

Complications of solitary osteochondroma and HME are
similar, including cosmetic and osseous deformity, fracture,
vascular compromise, neurologic sequelae, bursa formation,
and malignant transformation. HME complications present
earlier and more severely due to their multiplicity.

Malignant transformation is the most important compli-
cation of osteochondroma and was first described in 1886.4!
The prevalence of this complication is estimated to be 1% in
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solitary lesions and higher in HME, from 3 to 20% of these
patients.'"2#2 The malignant lesions can be chondrosarcoma
developed in the cartilage cap or osteosarcoma at the base of
the osteochondroma.** Increase in size of lesion and
appearance of focal pain after skeletal maturity are signs of
suspected malignancy.* Osteochondromas of pelvis, hips,
and shoulders are more likely to develop malignant transfor-
mation. The average age of detection is 5055 for solitary
exostoses and 25-30 in HME patients. Malignant transfor-
mation is rare before the age of 20. The cartilage cap is sug-
gested to be the origin site of malignant transformation.
Features of malignancy include the following: (a) growth of
a previously unchanged osteochondroma in a skeletally
mature patient, (b) irregular or indistinct lesion surface, (c)
focal regions of radiolucency in the interior of the lesion, (d)
erosion or destruction of the adjacent bone, and () a signifi-
cant soft tissue mass particularly containing scattered or
irregular calcification.*>***® The hyaline cartilage cap thick-
ness is reliable indicator of malignancy. With the cartilage
cap thickness cutoff of 2cm, MRI can have the sensitivity
and specificity of 100% and 98%, respectively, for the detec-
tion of malignant transformation.* With this criterion, no
malignant lesions were missed and few benign lesions were
resected.

In our patient, MRI of suspected lesions demonstrated
regular, well-delineated margin with cartilage cap of only
2-3 mm. Minimal enhancement was observed, and no bony
destruction was found. These signs did not suggest malig-
nant transformation but surgical resection was indicated
due to large size of lesion, local deformity, and fracture of
involved bones. The final histological examination revealed
no malignant signs on the specimen. Patients were contin-
ued on surveillance and regular clinical and radiological
follow-up.

Treatment of solitary osteochondromas is not complex
with follow-up for asymptomatic and small lesions, surgical
resection for symptomatic and larger lesions. Adequate exci-
sion must include overlying perichondrium to reduce the risk
of recurrence. Management of HME is more complex includ-
ing lesion excision, deformity correction, and long clinical
and radiological follow-up for surveillance of lesion pro-
gression.’ The average number of surgical procedures for
patients with HME is 2.7 per patient according to a study by
Shapiro et al.3* Osteochondromas with malignant transfor-
mation usually require large surgical resection. Pre-
operational MRI exploration is essential for staging and
evaluating lesion extension and mass effect on surrounding
tissue.*! These secondary chondrosarcomas are mostly low
grade with favorable prognosis. 70%-90% of cases have
long-term survival.’® Wide resection often results in only
0%—15% of recurrence while inadequate excision results in
57%-78% recurrence.*'*° Distal metastases, most com-
monly lung, occur in approximately 3%-7% of cases.*'*° A
systematic review suggested that annual MRI screening for
malignant transformation is effective for patients with HME
in their 20s and 30s.”!

Conclusion

Osteochondroma is the most common bone tumor with simi-
lar radiological appearance in solitary and multiple form.
The pathognomonic finding is abnormal bony structure with
cortical and medullary continuity with parent bone, best
assessed on CT or MR imaging. Many complications can
occur with malignant transformation representing the most
feared one. The multiple form of osteochondroma, HME,
has higher chance of developing secondary malignancy.
MRI is essential in evaluating malignant signs and measur-
ing cartilage cap thickness for early detection of malignant
transformation, with the upper limit of 1.5cm. EXT1, EXT2,
and EXT3 mutations are all negative in many cases similar
to ours. Thorough evaluation with long-term follow-up in
patients with HME allows proper management and improve-
ment of prognosis in these patients.
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