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Abstract. Osteochondroma, the most common benign bone
tumor, is a projection on the external surface of the bone,
which can be sessile or pedunculated. 85% of
osteochondromas present as solitary lesions, while 15% occur
in the context of hereditary multiple exostoses (HME), a
genetic disorder that is inherited in an autosomal dominant
manner. Although often asymptomatic, symptoms may
eventuate from compression of adjacent vessels or nerves,
[fractures, osseous deformities, bursa formation, or malignant
transformation. Cartilage cap thickness >2 cm in adults or >3
cm in children as well as new onset of pain or growth, or
rapid growth of the lesion, especially after the closure of the
growth plate, might reflect cancerous transformation. Surgical
resection is indicated for symptomatic lesions, complications,
cosmetic reasons or malignant transformation. Excision of the
tumor with free margin is the treatment of choice. Local
recurrence is less than 2% if complete resection is achieved.

Osteochondroma is the most common benign bone tumor
accounting for 20-50% of benign bone tumors and 9% of all
bone tumors (1-3). It is defined as a cartilage-capped bony
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projection on the external surface of a bone (2, 4). The lesion
may grow during childhood, but no osteochondroma develops
or enlarges after puberty (5, 6). Two pathognomonic features
that ascertain the diagnosis are the presence of cortical and
medullary continuity with the parent bone and a cartilage cap
(7, 8). Most lesions are solitary, but approximately 15% of the
patients have multiple tumors (6).

Multiple osteochondromas are developed in the context of
multiple hereditary exostoses (HME), a rare genetic disorder
that is inherited in an autosomal dominant manner (2, 9). In the
literature, HME has also been referred to as multiple hereditary
osteochondromas, hereditary deforming dyschondroplasia,
diaphyseal aclasis, and multiple cartilaginous exostoses (10).
The majority of patients have a positive family history, while
mutations in one of the EXT genes can be detected in about
90% of the HME cases (11, 12).

Traditionally, most osteochondromas are incidentally
diagnosed as they are symptomless (2, 4). Complications
associated with osteochondromas are common and encompass
compression of adjacent structures, fractures, osseous
deformities, bursa formation with or without bursitis, and
malignant transformation (2, 7, 13). Malignant transformation
is more frequent in HME than solitary osteochondromas (6,
14). Plain radiographs are usually sufficient to diagnose
osteochondromas, whereas cross-sectional imaging such as
multidetector computed tomography (MDCT) and magnetic
resonance imaging (MRI) are used to evaluate the cartilage
cap, marrow continuity with the parent bone in complex areas,
and complications (3, 4, 15). Asymptomatic lesions are treated
solely with observation, while symptomatic lesions or lesions
with suspicious imaging findings require surgical resection.
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Surgical treatment is more common in HME than solitary
lesions because of the increased risk for cancerous
degeneration and osseous deformation (1, 16).

In a previous article we have summarized the clinical,
radiological and pathological features of osteochondromas (4).
The purpose of the present article is to review the updated
findings regarding epidemiology, pathogenesis, clinical
presentation, malignant transformation, imaging findings,
treatment options and prognosis of osteochondromas.

Epidemiology

The exact incidence of osteochondromas is unknown since
many of these tumors are asymptomatic and therefore remain
undiagnosed. Besides, the incidence varies depending on the
type. Solitary osteochondroma is approximately six times
more frequent than HME (6). It is generally found within the
first four decades, with 75% of such lesions arising before the
age of 20 years (4, 17, 18) showing a male predominance (5,
7,19, 20). The estimated frequency of HME in the Western
population is 1.5% per year (19) and its incidence is 1:50,000
persons (21, 22). It is encountered during the first decade of
life in more than 80% of patients (23, 24) and has a
predilection for males (male to female ration 3:1) (19, 20) and
Caucasian (4). Patients with HME have a positive family
history in about 65% of the cases (25-27). According to a
relatively recent epidemiological study in South China,
osteochondromas are frequently found during the first two
decades of life and show a male predominance. However, only
14.7% of patients with HME have a positive family history,
which is much lower than the reported rate in Western
countries (28).

Almost half of them are located around the knee (29). Long
bones are the preferred site, particularly distal femur 30%,
proximal tibia 15-20%, and humerus 10-20%, followed by feet
and hands 10%. In these bones, osteochondromas are situated
at the metaphysis and grow away from the joint (30). In
China, osteochondromas are situated around the knee in about
50% of the cases. Long bones of the lower extremities are at
higher risk for the development of these tumors. Even though
the two top locations are the same (distal femur and proximal
tibia), proximal fibula ranks third place for osteochondromas
instead of the humerus (28).

Flat bones such as sternum, scapula, ribs, and hips are
involved in less of 5% of cases (1). Solitary osteochondromas
are rarely located at the spine (4), whereas 68% of patients
with HME have spinal osteochondromas (31). Although any
part of the vertebral column can be affected, the cervical
spine is involved in 50% of the cases (1), especially C2
vertebra followed by C3 and C6 (32, 33). The second most
frequent location is the thoracic spine, particularly T8
vertebra followed by T4, whereas the lumbar spine is the least
common site (1, 31, 34).
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The natural history of osteochondromas in children and
adolescents was enlightened by a large Italian cohort study,
which included 158 children with multiple osteochondromas.
Overall, 80.4% of patients developed new osteochondromas,
57.6% developed new deformities, and 23.4% developed
further functional limitations. The mean incidence rate of new
osteochondromas, deformities and functional limitations
increased with time. The annual rate, as well as the proportion
of patients with new osteochondromas and deformities, was
higher in the two younger age groups (0-6 years age group and
7-12 years age group) compared with the oldest age group
(13-18 years age group) at all follow-up times (12, 24, and 36
months). When it comes to functional limitations, the 0-6
years age group showed a higher proportion of such
limitations compared to two other age groups. As for the
height, it seemed that 13 years was a cut off age for the slow
growth of the stature (35).

Pathogenesis

HME is associated with heterozygous loss-of-function
mutations in the EXT-1 and EXT-2 genes (12). EXT-1 is
located on chromosome 8q24.11-q24.13 and EXT-2 on
chromosome 11p11-12 (4). A variety of mutations in these
genes in HME patients is present, including nonsense
mutations, missense mutations, frameshift mutations, and
splice-site mutations (36). In European patients with HME,
mutations in the EXT-1 and EXT-2 genes are found in more
than 90% of the cases, particularly 65% in the EXT-1 gene
and 21% in the EXT-2 gene (37). In contrast, Chinese patients
have a higher rate of EXT-2 mutations than EXT-1, suggesting
that EXT mutations depend on the ethnicity and different
types of mutations contribute to the pathogenesis of HME
differently (38). Francannet et al. discovered that patients with
EXT-1 mutations are more severely affected as they develop
more osteochondromas, suffer more severe symptoms, and are
more likely to develop cancerous degeneration (37).

The EXT family encodes glycosyltransferases, which are
vital for the synthesis of heparin sulfate (HS), a polysaccharide
material that binds to core proteins to produce heparin sulfate
proteoglycans (HSPGs) (39, 40). HSPGs are present to a large
extent in the cell membrane and extracellular matrix and
interact with bone morphogenetic proteins participating in the
regulation of bone and cartilage formation (12).

Heterozygous mutations of the EXT-1 or EXT-2 gene lead
to an HS deficiency of about 50%; this is inadequate for
giving rise to osteochondroma formation. But a second
genetic hit such as a loss-of-heterozygosity or aneuploidy
lowers further the HS levels, resulting in local cells losing
their normal phenotype and turning into tumorigenic cells
(41, 42). Though EXT-3 gene plays a vital role in the
synthesis of HS, no such mutations have been detected in
HME patients (11).
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An original nonsense mutation in the EXT2 gene
(9¢.526C>T; p.GIn176*) was identified in a Chinese family
with HME from Hangzhou. The family consisted of 12
members belonging to three generations, four of whom had
HME. The mutation was detected in all four patients, but not
in their healthy relatives. The substitution of cytosine by
thymine led to the appearance of a stop codon where
previously there was a codon specifying glutamine. The
presence of this premature stop codon resulted in the
production of a shortened protein that lacked the last 552
amino acids at its C-terminal. As a result, the
glycosyltransferase domain was missing as it is located at this
terminal. Therefore, the HS production was affected because
the glycosyltransferase domain plays a vital role in HS
biosynthesis (43).

In addition, the first case of gene fusion as a mechanism of
EXT1 loss of function in HME was recently reported by
Oliver et al. The authors described the case of a 9-year-old
male with multiple abnormalities, including HME. Whole
transcriptome sequencing revealed the fusion of the 3-
boundary of SAMDI12 exon 2 to the 5-boundary of EXT1
exon 2. Chromosomal deletion of the genomic region between
SAMDI2 exon 2 and EXT1 exon 2 was responsible for this
event. The fusion brought about an interruption of the reading
frame, which was equivalent to a loss of function of both
genes (44).

Solitary osteochondromas were initially considered to be a
developmental abnormality, in which a fragment of the growth
plate herniates through the periosteum and, continuing
growing, forms eventually a solitary osteochondroma (1, 2).
Somatic mutations in the EXT genes are sporadic in solitary
osteochondromas (4). However, recent studies demonstrated
that heterozygous mutations in the EXT-1 gene are detected
equally in solitary osteochondromas and HME, while
mutations in the EXT-2 gene are infrequent in solitary
osteochondromas. These findings suggest that solitary
osteochondromas represent real benign tumors (1, 12).

Secondary peripheral chondrosarcomas develop from the
malignant transformation of osteochondromas which usually
occurs within the cartilaginous cap. Genetic mutations are
responsible for the development of osteochondromas.
Homozygous deletion of EXT1 is present in 80% of sporadic
osteochondromas, whereas germline mutations characterized
HME in EXT1 and EXT2 in combination with loss of
heterozygosity (45, 46). On the contrary, unknown mutations
different from EXT mutations give rise to secondary
peripheral osteochondromas. After studying 17 patients with
secondary peripheral chondrosarcoma, de Andrea et al. found
that the most frequent event was the hemizygous loss of EXT1
(70%) followed by homozygous loss of EXT1 (12%), no
alterations in EXT1 (12%) and gain of the EXT1 region (6%).
They also demonstrated that cells with functional EXT1 were
present in the superficial layer of secondary peripheral

chondrosarcoma. In contrast, cells with dysfunctional EXT1
were mostly populating the superficial layer of sporadic
osteochondromas and HME. Moreover, the number of cells
with functional EXT1 increased with increasing tumor grade.
The authors concluded that osteochondroma cells with a
homozygous deletion of EXTI created a niche in the
cartilaginous cap or in the perichondrium, in which cells with
functional EXT1 acquired unknown mutations giving rise to
secondary peripheral chondrosarcoma (47).

Clinical Presentation

Osteochondroma remains mainly asymptomatic and is usually
diagnosed incidentally on radiographs which were obtained for
other reasons (2, 4). The second most frequent appearance is a
painless palpable lump on the involved bone (7). These bumps
can produce cosmetic issues, especially at the proximal tibia and
the ribs where they are readily evident and palpable (48).

Symptomatic presentation is brought about by mechanical
compression of adjacent structures, fracture, bursitis, or
malignant transformation (49). Sometimes an osteochondroma
might put pressure on a nerve leading to numbness and
tingling in the limb (50, 51). It may also compress a blood
vessel resulting in periodic changes in blood flow, loss of
pulse and changes in color of the associated limb. Other
vascular complications encompass arterial thrombosis, venous
thrombosis, and aneurysm or pseudoaneurysm formation (52-
56). The popliteal artery, common peroneal nerve, and
posterior tibial nerve are the most frequently affected (55-58).

In a few cases, osteochondromas can be located under
tendons, creating pain during relevant movements because the
tendon might move and break over the bony tumor (4).
Occasionally, the compression of the overlying soft tissue may
provoke bursal formation and bursitis (7). Spinal
osteochondroma may cause kyphosis or spondylolisthesis if
they are close to the intervertebral space (59). Spinal cord
compression is a rare phenomenon (32) because most of them
develop out of the spinal cord (60, 61). Finally, the stalk of a
pedunculated osteochondroma can snap due to an injury
causing pain and swelling (4).

HME is normally diagnosed as a genetic disorder before
the age of 12 (4). The median age of diagnosis is 3 years (22).
Newborns are asymptomatic, while 50% of the patients have
a visible tumor and get diagnosed by the age of 5, and 80%
by the age of 10 (21). There is a variety in size and number
of exostoses with a mean number of 6 lesions per patient
(23). Diverse valgus deformities can be observed like coxa
valga, genu valgum, and ankle valgus (62, 63). Other
manifestations are inequality in limb length, anomalies of the
radio and ulnar deviation, metacarpal, metatarsal, or
phalangeal shortening, acetabular dysplasia, femoroacetabular
impingement, and juvenile arthritis (4, 6, 64). Dislocation or
subluxation of the hip, patellar, or talus are common
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symptoms (4, 62, 63). Myelopathy due to spinal cord
compression occurs more frequently in HME than solitary
tumors (14, 65). Facial asymmetry and masseters’ dysfunction
are probably correlated with exostoses of the head and neck
(66, 67). Complications of costal lesions such as
pneumothorax and hemothorax due to injury of an intercostal
artery, or diaphragmatic laceration are rare (68-70). Rarely, a
growing lesion might cause viscera dysphagia, intestinal
obstruction, or urinary tract obstruction (4, 71).

Malignant Transformation

The most dangerous complication of osteochondroma is
cancerous transformation which usually happens within the
cartilage cap and leads to the development of secondary
chondrosarcoma (30). It is estimated that malignant
transformation occurs in approximately 1% of solitary
osteochondromas and 10% of HME cases (2, 6, 14, 71).
Rarely, other malignant tumors like osteosarcoma can
complicate an osteochondroma (72). Common sites of
secondary chondrosarcoma are the proximal femur, proximal
humerus, scapula, and pelvis (69). Most of these tumors are
low to intermediate grade (2, 73).

As a rule, every patient with a new onset of pain near a
preexisting osteochondroma should undergo imaging,
preferentially MRI, to exclude secondary chondrosarcoma
(73). Worrisome imaging features encompass tumor growth
after skeletal maturity, irregular or lobulated margins, irregular
or scattered calcifications, internal lytic areas, and erosion or
destruction of adjacent bones (5, 7, 74, 75). However, the most
reliable imaging finding is the thickness of the cartilage cap,
which can be evaluated by cross-sectional imaging such as
MDCT and MRI (7, 76). A cartilage cap thickness greater than
3 cm in children or 2 cm in adults is a sign of malignant
transformation (7, 77-79). After examining 67 benign
osteochondromas and 34 secondary chondrosarcomas, Bernard
et al. concluded that if a cartilage cap thickness of 2 cm is
used, the sensitivity and specificity of MRI and MDCT in the
differentiation of these tumors are 100% and 98% vs 100%
and 95%, respectively (16). Moreover, chondrosarcoma
displays septal enhancement on contrast-enhanced MRI,
whereas  osteochondroma  exhibits only peripheral
enhancement (1, 80-82).

Radiological Features

Apart from a detailed history and a full clinical examination,
imaging modalities are required for the diagnosis of
osteochondroma (4). The key radiological features of
osteochondroma are cortical and marrow continuity between
the lesion and the parent bone, and a cartilage cap (8).
Osteochondroma is usually diagnosed only by radiographs,
particularly if it is located at the metaphysis of long bones (1).
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However, complex lesions or lesions situated at complex
anatomical regions like the shoulder girdle, pelvis, or spine
can better be appraised by MDCT or MRI (76).

Analysis by X-ray. Plain radiography should be the first
imaging modality to assess an osseous lesion. Typically,
osteochondroma presents as a well-defined protuberance on
the external surface of a bone (Figures 1 and 2). The lesion
varies from 1 to 10 cm and consists of a cortex and a medulla,
which are in continuity with the underlying bone (1, 3). It can
be either sessile or pedunculated. If the tumor sticks out from
the bone through a stalk, it is called pedunculated.
Pedunculated osteochondromas typically point away from the
joint. Otherwise, the tumor lacks a stalk and is attached to the
bone with a broad base. In this case, the structure is called
sessile (4, 30). Another finding is the presence of calcified
flakes or linear interruptions inside the cartilaginous
component (4).

HME can appear as bilateral tumors that make a metaphysis
wider. In the case of tarsal and carpal involvement, a mass
emerging from their epiphysis is seen (4). Moreover, several
complications are easily recognized in plain radiography like
pneumothorax, hemothorax, fracture, joint dislocation, and
growth anomalies (4, 83).

The problem is whether a lesion should be characterized as
benign or malignant. Suspicion for malignant transformation
should be raised in the presence of growth of an
osteochondroma after the closure of growth plates, irregular
or lobulated margin, irregular or scattered calcifications,
internal lytic areas, and erosion or destruction of adjacent
bones (5,7, 74,75).

Analysis by computed tomography (CT). CT is valuable in
identifying tumors in areas that are difficult to image on plain
radiography such as shoulder, scapula, spine, and pelvis.
Besides, CT can assess the size and the extent of spinal lesions
in patients presenting with compressive myelopathy (4). CT
illustrates bone tumors, the cartilage cap, and calcifications
within the cartilage cap or the surrounding soft tissue in detail
(3, 4, 16). Measuring cartilage cap thickness is of utmost
importance as a thicker cartilage cap is an indication of
malignant degeneration (72, 84). One major drawback of CT
scanning is the fact that in some cases the thickness of the
cartilage cap is overestimated due to the fact that overlying
bursa and the cartilage cap may not be well distinguished as
both have similar Hounsfield units (16). Another limitation is
the lack of estimation of the metabolic activity, a serious
indication of malignancy (4).

Analysis by magnetic resonance imaging (MRI). MRI is the
best method for imaging the exact morphology of a tumor
and all the previously reported complications (4, 77, 85).
The continuity of the parent bone with the cortical and
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Figure 1. A typical femoral osteochondroma X-ray. Note the protuberance
on the external surface of the right femoral bone. Linear calcifications
inside the tumor are also apparent. Reprinted with permission from (4).

medullary bone in an osteochondroma plays an essential
role in differentiating osteochondromas from other surface
bone tumors (15). The -cartilage cap has a low -—
intermediate signal on T1-weighted images and high signal
on T2-weighted images due to its high-water content (30).
Other imaging features include an overlying thin rim of a
low signal which represents the perichondrium, areas of a
red marrow-like signal within the body stalk, internal septa,
and peripheral enhancement after the administration of
gadolinium (1, 8, 30).

MRI gives information about bursitis, muscle impingement,
vascular complications, and compression of the spinal cord
and nerves (31, 57, 77). Bursa formation present as an ill-
defined lesion, filled with fluid, which shows rim
enhancement after the administration of gadolinium (85).
Muscular impingement shows a high signal within the muscle
on T2-weighted images and should be kept in mind in cases

Figure 2. A typical tibial osteochondroma X-ray. Note the protuberance on
the external surface of the tibial bone. Reprinted with permission from (4).

of pain and swelling in the region of an exostosis (86).
Pseudoaneurysm appears as a heterogenous irregular lesion
and a thrombosis as an onion-like formation inside the lumen
of the vessel (4).

Finally, MRI ameliorates accuracy in the diagnosis of
secondary chondrosarcoma (87, 88). A cartilage cap thickness
greater than 3 cm in children or 2 cm in adults indicates the
development of secondary chondrosarcoma (7, 77-79).
Moreover, septal enhancement after gadolinium administration
suggests malignant degeneration (1, 80-82).

Analysis by ultrasound. Ultrasound is another useful tool to
evaluate the cartilage cap thickness (89). Cartilage cap appears
as a hypoechoic region situated above a hyperechoic bone.
Malghem et al. examined 22 resected exostoses and two
exostotic chondrosarcomas and demonstrated that ultrasound
measurement is very accurate, particularly higher than MDCT
and comparable to MRI (90). Ultrasound is also beneficial for
the detection of vascular complications such as arterial
thrombosis, venous thrombosis, aneurysm or pseudoaneurysm
formation as well as the diagnosis of bursitis (18). The main
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limitation of ultrasound is the fact that it remains operator
dependent. A further drawback is its inability to portray the
cartilage cap when it is inwardly orientated or deeply located
in soft tissues, which are both, however, relatively uncommon
situations (90).

Analysis by nuclear imaging. Scintigraphy examines the
metabolic activity of a tumor and detects new bone lesions
through whole-body images in a single examination (4, 91).
Thalium 201 scintigraphy is useful in distinguishing benign
osteochondroma from malignant degeneration in HME (92).
Normal isotopic bone scintigraphy rules out the possibility of
malignant transformation of an osteochondroma, whereas a
positive one is incapable of differentiating endochondral
ossification occurring in a benign osteochondroma from the
hyperemia and osteoblastic reaction occurring in chondro-
sarcoma (93).

Analysis by fluorodeoxyglucose positron emission tomography
(FDG-PET). FDG-PET may have a role in the differential
diagnosis and grading of chondrosarcomas. However, during
childhood and adolescence, an abnormal uptake of
fluorodeoxyglucose could be found due to the growth of
exostoses. Shortcomings of FDG-PET are limited experience,
limited availability, and high cost (94).

Treatment

Currently, there is no medical therapy available for
osteochondromas, although biological therapies may be
available in the future (10). Retinoid acid receptor gamma
(RARY) agonists are emerging as a potential treatment for
HME. RARY is a nuclear receptor which also acts as a
transcription factor. It plays an essential role in cartilage
development and growth. Preclinical studies have shown that
the administration of RARY agonists inhibits heterotopic
ossification in mice and rats (95, 96). Several preclinical
studies have tested the efficacy of RARY agonists against
osteochondromas (97, 98). Garcia et al. demonstrated that
Palovarotene, a RARY agonist, stimulated cartilage matrix
catabolic genes (ADAMTSS, HES1, AND MMP13) and death
genes (CASP4), while it inhibited cartilage matrix anabolic
genes (COL2A1, ACAN, and SOX9). These findings
suggested that Palovarotene suppressed osteochondromas by
inhibiting matrix synthesis, stimulating cartilage cap
degradation, and inducing cell death (99). Similarly, Inubushi
et al. illustrated that Palovarotene reduced the number of
osteochondromas that developed in mice (100). Even though
these results are promising, the number of samples is limited,
and little is known about the potential side effects of RARY
agonists on growing skeletal tissues. Further studies are
needed to establish RARY agonists as pharmacological therapy
for osteochondromas.
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Nowadays, the mainstay of conservative treatment is
observation initially with plain radiographs and subsequently
by clinical examination (6). Further investigation, preferably
with MRI, is required if pain develops or the tumor enlarges
after the closure of growth plates (80). Even though no study
demonstrated the efficacy of screening, one should consider
screening patients regularly every year or every other year
(6).

Indications for surgical therapy include pain, complications,
cosmetic reasons, increased risk of malignant transformation,
and uncertain diagnosis (4, 6, 10, 14, 101). Myelopathy,
radiculopathy, and vascular compression justify surgical
excision in the case of spinal osteochondromas (102, 103). It
is worth noting that patients with HME undergo surgical
excision more frequently than patients with solitary
osteochondromas due to the increased risk of malignant
transformation and severe osseous deformation (6, 16),
although spontaneous regression of the exostoses has been
reported in 30% of patients with HME (10).

If the tumor is asymptomatic, surgery should not be carried
out as the risk of surgery-related complications is higher than
tumor-related ones (4). Wirganowicz et al. described the
surgical risk for the elective excision of 285 osteochondroma;
they found that the complication rate was 12.5%, with
neurapraxia being the most common one, followed by arterial
laceration, compartment syndrome, and fibula fracture (104).
Bottner et al. evaluated the surgical treatment of symptomatic
osteochondromas in 86 patients and reported a recurrence rate
of 11.6%. Major and minor complications occurred in 4.7%
and 7% of patients, respectively (105).

Complete resection by removing exostoses at the normal
bone base, with consequential removal of the cartilage cap and
perichondrium is the recommended intervention. If the
resection bed is clear, and there are no remnants of the
cartilage cap and perichondrium, the risk of relapse is
extremely low (14, 102, 106-108). Apart from that, there is a
likelihood of cancerous degeneration in 1% of solitary
osteochondromas and 10% of HME; therefore, complete
resection is obligatory (2, 6, 14, 71). Donati et al. studied 61
patients suffering from grade I and II secondary peripheral
chondrosarcomas of the pelvis; the recurrence rate was 3%
after complete excision compared to 23% after incomplete
resection (109).

In the case of malignancy, en-block resection of the lesion
with tumor-free margin should be carried out. Ideally, the
procedure should take place in a bone tumor referral centre
(6). Metastases are found in approximately 3-7% of patients
and are usually located in the lungs (4). Chemotherapy and
radiotherapy are not frequently used in differentiated
chondrosarcoma, while in dedifferentiated lesions they are
recommended as the prognosis is worse, even though
radiotherapy and chemotherapy have a low impact on these
tumors (4, 10).
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In children, resection might preferably be held up until
skeletal maturity is reached because the relapse rate is probably
higher in the immature patient (110, 111). Great care must be
exercised with tumors close to the physeal plate to avoid damage
to the growth plate. Ohnishi et al. described the surgical
outcomes of 16 patients with digital osteochondromas; the
average age of the patients was 3.6 years. The authors concluded
that resection is highly recommended for tumors located at the
nonepiphyseal metaphysis of the bone to improve motion and
prevent further finger deformity. If the tumors are oriented
laterally and less than 30% of the joint surface is involved,
resection including part of the articular surface is possible (112).

Reconstructive techniques like bone grafting and internal
fixations might be necessary if complete resection is performed
in certain regions such as the pelvis (10). Low condylectomy
with recontouring of the condylar neck to function as a condyle
and repositioning of the articular discs with orthognathic
surgery if needed is an option for the treatment of mandibular
condylar osteochondroma with jaw deformity (101, 113).

Three-dimensional printing is a novel and promising
technology for tailoring anatomic models and allowing
surgeons to examine anatomy more concretely (114). The
printer produces an anatomic model which exhibits lesions
challenging to visualize or with complex geometry, tumor
features, and the anatomy of adjacent critical structures.
Consequently, the surgeons’ understanding of anatomic and
surgical complexity is improved. However, further research is
mandatory to assess the face validity and the efficacy of
printouts in surgical planning (115, 116).

Prognosis

Osteochondromas are benign lesions, and thus the prognosis is
excellent. The reported local recurrence is less than 2% (102,
110, 111, 117, 118). The estimated risk for cancerous
degeneration is 1% and 10% for solitary osteochondromas and
HME, respectively (2, 6, 14, 71). Florez et al. studied 113
solitary osteochondromas treated between 1970 and 2002. The
tumors recurred in 6 patients, while in 2 patients they
transformed to secondary chondrosarcomas. The authors noted
that the recurrence of exostoses is a rare happening in about 2%
of the resections (117). Complications after surgical removal of
osteochondromas vary between 11.6% and 12.5% (104, 105).
If secondary peripheral chondrosarcoma develops, the prognosis
depends on the histological grade. Ten-year survival for grade
I chondrosarcoma is 83% vs 29% for grade III (119).

Conclusion

Osteochondroma is a benign cartilage tumor projecting from the
external surface of the bone. It is the most common benign bone
tumor and usually occurs in the metaphyseal region of the long
bones. In the vast majority of cases, it appears as a solitary

lesion, while in 15% of cases it presents as multiple lesions due
to HME, caused by heterozygous loss-of-function mutations in
EXT-1 and EXT-2 genes. Although most lesions are
asymptomatic, symptoms may result from nerve or vein
compression, fractures, bursa formation, osseous deformities, or
even malignant transformation. It is estimated that the latter
occurs in approximately 1% of solitary osteochondromas and
10% of HME. New onset of pain, growth of tumor after skeletal
maturity, irregular margins, irregular or scattered calcifications,
internal lytic areas, erosion of adjacent bones, cartilage cap
thickness >2 cm in adults or >3 c¢m in children are signs of
cancerous degeneration. Even though plain radiography is
usually sufficient for the diagnosis of osteochondromas, cross-
sectional imaging modalities are useful in the assessment of
lesions situated at complex areas, complications, and cartilage
cap thickness. Asymptomatic lesions require no treatment,
whereas  surgical indications encompass symptoms,
complications, cosmetic reasons, malignant transformation, or
uncertain diagnosis. If complete resection is achieved, the
recurrence rate is less than 2%.
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