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Diagnosis and evolution of the benign tumor osteochondroma
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Abstract. Osteochondroma represents a bone outgrowth
covered by cartilaginous tissue and localized on the external
surface of the bone. The incidence of osteochondroma is
20-35% of all pediatric benign tumors. Osteochondromas
can be present in solitary or multiple forms and usually
occur in the metaphysis of long bones in immature skel-
etons. The present study aimed to retrospectively determine
the association between imaging diagnostic accuracy and
histopathological examinations, which are the main methods
of diagnosis for this type of tumor. A total of 66 patients
presenting with radiological aspects of osteochondroma
were initially selected; however, only the 56 patients who
had a positive histopathological diagnosis of osteochon-
droma were eventually included in this study. Patient
characteristics were taken into consideration and included
age, sex, lesion localization, lesion imaging semiotics and
histopathological aspects. Osteochondromas are generally
asymptomatic lesions that are often incidentally diagnosed
after trauma, which makes it difficult to determine the exact
incidence of this pathology.

Introduction

Among all pediatric benign bone tumor lesions, osteochon-
droma has the highest incidence, being estimated at ~20-35%
of all pediatric benign tumors, or ~10-15% of all bone
tumor lesions (benign, tumor-like or malignant) (1-3). This
pathology is characterized by a bone outgrowth covered by
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cartilaginous tissue that is localized on the external surface
of the bone. The lesion is distinguished by the presence
of its own medullary cavity, which is continued within
the main bone medullary cavity. The bone tissue found in
the structure of the lesion results from the endochondral
ossification of the cartilage of origin (4). Osteochondromas
can be present in either solitary or multiple forms (1,2) and
they usually occur in the region of the metaphysis of long
bones in immature skeletons, thus causing deformities (5).
Although these lesions may present with a characteristic
radiological aspect, they can also have atypical localizations
or may become malignant, which makes imaging diagnosis
difficult (5).

Apart from malignant transformations, osteochondromas
can present with a series of complications, including frac-
tures in pedunculated lesions, vascular lesions such as
formation of pseudoaneurysms, neurological complications
such as peripheral nerves compression or formation of a
bursa affecting the cartilaginous surface of the lesion and
results from local friction (5,6).

The present retrospective study aimed to analyze the
association between the accuracy of medical imaging tech-
niques and histopathological examinations of osteochondroma
in order to determine a final diagnosis in patients with this
pathology.

Materials and methods

The present retrospective study was conducted to determine
the degree of accuracy of imaging diagnostic procedures in
pediatric patients presenting with a positive histopathological
diagnosis of osteochondroma.

In this study, we initially selected 66 patients showing
radiological aspects of osteochondroma. From these
66 patients, only 56 patients with a positive histopathological
diagnosis of osteochondroma were included. Patients were
aged between 2 and 16 years, and 32 were men and 24 were
females. The clinicopathological data were obtained from
the records of each patient treated at the Craiova County
Hospital Pediatric Surgery Department between June 2014
and November 2019.
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The inclusion criteria were as follows: Patients aged
0-18 years examined in the Pediatric Surgery Department,
with the presence of at least one imaging examination and
presence of a positive histopathological examination. There
were no exclusion criteria. Conventional radiography of the
involved areas in anteroposterior and lateral projections
was used and, depending on the characteristics of each
case, computerized tomography (CT) scans and magnetic
resonance imaging (MRI) examinations were performed.
In order for the final diagnosis to be confirmed, histopatho-
logical examinations of biopsy samples were conducted.
Biological material consisted of specimens collected during
core needle biopsies performed under local anesthesia as
outpatient procedures. The samples were then transferred
to the Anatomic Pathology Department, where they under-
went a fixation process using 10% buffered formalin and
then processed by the classical HP technique consisting in
paraffin embedding and hematoxylin and eosin staining.
The microscope slides were analyzed under an optical
microscope.

Results

The present study included a cohort of 66 patients, with
only 56 patients meeting the criteria. Certain patient details
were taken into consideration, including age, sex, lesion
localization, lesion imaging semiotics and histopathological
aspects. From the 56 patients, 24 were male (43%) and 32
were female (57%).

With regards to the age of the patients, this study included
individuals aged between 2 and 16 years, with a mean age of
10 years and 10 months (10 years and 8 months for female
patients and 11 years for male patients). The median age was
10+2 years and the interquartile range was 25-75%.

Osteochondroma is a lesion that is frequently diagnosed
either in solitary or multiple forms. In the present study, we
discovered that the majority of osteochondromas diagnosed
were solitary (89%), while the multiple form was present in
only 11% of the cases (Fig. 1; Table I). Although the number
of patients diagnosed with multiple osteochondroma was
small, we noticed a higher incidence among female patients
in comparison with male patients (66 and 33%, respectively).

Regarding lesion localization, the study highlighted a
possible tendency of osteochondromas to occur in certain
regions, including femur (39%), tibia (28%), scapula (17%),
hallux (6%), peroneus (5%) and humerus (5%; Table I).
Furthermore, 66% of patients presented these benign lesions
on the left side of the body.

The type of osteochondroma, which could be either
be sessile or pedunculated, is another important aspect of
imaging semiotics. In this study, 28% of patients presented
with sessile osteochondroma, while the rest of the patients
were diagnosed with pedunculated type osteochondroma
(Fig. 2; Table I).

It is important to emphasize that only some of the examined
patients complained of pain or local edema, while the rest of
the patients were incidentally diagnosed with osteochondroma
after some traumatic episodes. Therefore, 16 patients (28.5%)
presented with complaints such as local edema or pain. The
40 remaining patients (71.5%) were diagnosed after traumatic

Table I. Incidence of osteochondroma localization, type and
form reported in patients from the present study.

Osteochondroma localization Incidence, %

Left scapula 11
Right scapula 6
Humerus (left and right) 5
Left femur 28
Right femur 11
Left tibia 17
Right tibia 11
Peroneus (left and right)
Hallux (left and right) 6
Osteochondroma type
Pedunculated 72
Sessile 28
Osteochondroma form
Solitary 89
Multiple 11
A B

Figure 1. Radiological aspects of osteochondroma with metaphy-
seal-diaphyseal localization in (A) the radius (multiple form) and (B) tibia
(simple form). Heterogeneous aspect of the tumor matrix with calcifica-
tions that are characteristic for this benign tumor can be observed. The
aspect of both lesions is pedunculated and clearly delimitated, with the
absence of periosteal reactions. Region deformity is present in (A) and
absent in (B).

incidents, some of them with fractures associated with these
lesions (Fig. 3).

Initially, the present study included 66 patients that
presented with imaging aspects of osteochondroma. From
these 66 patients, only 56 had a confirmed histopathological
diagnosis of osteochondroma. It is therefore worth noticing
that imaging examinations have a 100% sensibility, although
their accuracy is 84%. Thus, imaging diagnosis failed in
16% of cases. This was mainly because in 10 patients the
diagnosis of osteochondroma was not confirmed. In these
10 patients, the differential diagnosis was made with the
supracondylar spur (in solitary forms) or with metachondro-
matosis (in multiple forms).
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Figure 2. Imaging aspects of osteochondroma with different metaphy-
seal-diaphyseal localizations in (A) femur (sessile aspect) and (B) tibia
(pedunculated aspect).

Figure 3. Osteochondroma complication showing tumor peduncle fracture
in a left femur.

Discussion

Osteochondroma is one of the most common benign bone
tumors. An important characteristic of this lesion is the pres-
ence of the cartilaginous envelope, which covers the cortex
and the medullary canal of the subjacent bone. Lichtenstein
and Muller's theory suggested that the periosteum could
have the potential to form chondroblasts and osteoblasts due
to a high turnover rate. Thus, an osteochondroma may arise
due to induced or spontaneous change in periosteal cell

differentiation. This theory is often presented in literature and
cited by multiple authors (7-11), while other authors (2,12,13)
considered that these lesions might appear either spontane-
ously or in relation to external factors such as irradiation,
fractures or after surgical interventions.

Regarding the sex of the patients, the results obtained in
our study were slightly different from the ones presented by
Kannan et al (14) showing a higher incidence of osteochon-
dromas among male patients. Furthermore, Tong et al (15)
reported that the incidence of osteochondromas was twice
higher in male patients compared with female patients.

With regards to the age of the patients, the data from
our study were similar to those reported in previous studies.
In the present study, most patients were diagnosed between
8 and 12 years of age, which is what Kannan ez al (14), de Souza
and Bispo Janior (5) and Kitsoulis et al (7) also reported.

Many authors suggested that solitary osteochondromas
occur as a consequence of an abnormal growth process
causing the herniation of a fragment of the growth plate in
the periosteum area. Consequently, the lesion will appear
in the metaphysis region either in a sessile or a pedun-
culated form (1). With respect to the origin of multiple
hereditary osteochondromatosis, previous studies suggested
that a mutation in the tumor suppressing genes exostosin glyco-
syltransferase 1 and exostosin glycosyltransferase 2 could be
the cause of this pathology. These genes are responsible for
the synthesis of heparan sulfate proteoglycans (HSPGs), thus
any mutation would lead to a reduction in HSPGs synthesis,
facilitating therefore the occurrence of multiple hereditary
osteochondromatosis (16,17).

Regarding lesion localization, the results from the present
findings were in a slight contradiction with the results other
studies, reporting that tibia, femur and peroneus were the
main sites for osteochondroma discovery. Yet, our findings
describing a higher rate of lesion localized on the left side
of the body were similar to the results from Tong et al (15),
although this previous study did not report such a high rate of
left-side lesions.

Osteochondroma is generally an asymptomatic
pathology; however, it can lead to pain, local edema or
certain complications such as peripheral nerve compres-
sion, aneurysms, thrombosis and fractures (7). Previous
studies described the malignant transformation of osteo-
chondroma into chondrosarcoma as being the most severe
complications (3,12,13,18).

Histologically, osteochondroma lesion consist of three
layers: perichondrium, cartilage and bone. The exterior
layer is the fibrous perichondrium, which continues with
the subjacent bone periosteum (Fig. 4). The next layer is the
cartilaginous cap, which under normal circumstances has a
thickness of <20 mm that further decreases as the patient
is getting older (4). In patients where osteochondroma is
suspected, the accuracy of the final diagnosis is superior when
histopathological examinations are conducted. Thus, the
histological examination of the biopsy sample helps confirm
the diagnosis of osteochondroma by revealing specific cells
such as chondrocytes, adipocytes, osteocytes (0sseous tissue
resulting from endochondral ossification) (Fig. 4A and B),
cartilaginous tissue and perichondrium presenting connec-
tive tissue with blood vessels (Fig. 4C). The transition area
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Figure 4. Histopathological aspects of osteochondroma by hematoxylin and eosin staining. Various types of cells are observable, such as chondrocytes,
adipocytes, osteocytes (osseous tissue resulting from endochondral ossification) (A and B; magnifications, x5 and x10, respectively), cartilaginous tissue and
perichondrium presenting connective tissue and blood vessels (C; magnification, x10).

Figure 5. Magnetic resonance imaging of axial T2* sequence aspect of
osteochondroma in the femur. Hyperintense area of ~4.54 mm suggests the
presence of the cartilaginous cap.

between bone and cartilage cap can also be noticed, which is
similar to a growth plate with endochondral ossification into
mature bone (Fig. 4B).

Previous studies reported that the average width of the
cartilage cap is <30 mm in pediatric patients due to the
continuity of the growth process (Fig. 5), although it was
also demonstrated that this width could not be >20 mm in
normal adults because a larger width would be associated with
malignant transformation such as chondrosarcoma (2,19,20).

Chondrocytes are essential cells during endochondral
ossification where a loss of cartilaginous architecture takes
place. Both chondrocyte atypia and necrosis are some

characteristics that could indicate secondary malignant
transformation, which, according to Tong et al (15), has a
rate of ~0.6% in the simple form and 2.9% in the multiple
form.

Imaging semiology is sufficient for osteochondromas and
can even be, in some cases, of pathognomonic value, espe-
cially when the irregular calcifications inside the lesion and
the cortex of the lesion in direct contact with the main cortical
bone are clearly visible (4). In the case of CT scans and MRI
examinations, radiologists can also appreciate the continuity
of the medullary bone around the lesion (Fig. 6). Furthermore,
these examinations can help evaluating the thickness of the
cartilaginous cap, and a thickness of >20 mm could suggest a
malignant transformation (5).

MRI examination is the only available imaging method
that does not cause radiation and can very accurately reveal
numerous areas such as soft tissue, bone marrow, cartilage,
muscle, ligaments and tendons that are adjacent to the lesion.
In addition, MRI helps the clinician evaluating more accurately
the cartilage overlying the lesion (Fig. 7) (5,21).

In summary, osteochondromas are generally asymp-
tomatic some lesions that are often diagnosed incidentally
following a trauma. Thus, it is very difficult to determine
the exact incidence of this pathology. Although the risk of
malignant transformation of these lesions is low, clinicians
should not forget that one of these risk factors is irradiation,
which means that adopting the right imaging examination
protocols during patient follow-up is crucial. As a result,
MRI examinations are more appropriate in pediatric patients
for the following benefits: Lack of ionizing radiation, multi-
planar reformation capabilities and excellent resolution.
Subsequently, it is preferable that the imaging protocols
would be coordinated by the radiologist in order to ensure
the lowest radiation possible. Furthermore, every clinician
should consider that the accuracy of diagnosis is higher
every time histopathological examinations are conducted.
Although the precision of imaging examinations is high,
the final diagnosis is higher following histopathological
analysis.
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Figure 6. Magnetic resonance imaging aspects in the following sequences: (A) sagittal STIR, (B) sagittal T1 and (C) sagittal PD FS. Images show a pedunculated
femoral osteochondroma, localized in the distal diaphysis region, presenting a cartilaginous cap with a different signal (hyperintense) in STIR and PD FS
sequences (A and C) STIR, short tau inversion recovery; PD FS, proton density fat suppressed.

A

Figure 7. Magnetic resonance imaging sequences of pedunculated osteochondroma in the (A) axial T2*, (B) sagittal proton density fat suppressed and

(C) sagittal T1 of the peroneus.
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