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Abstract
Background 

Accurately identifying malignant transformation in osteochondromas remains a clinical challenge, 
particularly due to variability in cartilage cap thickness measurements on magnetic resonance 
imaging (MRI). This study evaluates the concordance between MRI findings as reported by 
radiologists and histological diagnosis of surgically resected osteochondromas.

Methods
A single-centre retrospective cohort study was conducted on patients diagnosed with 
an osteochondroma from January 2016 to June 2024. Patients were diagnosed with an 
osteochondroma based on plain film radiographs (X-rays). MRI scan results were reviewed, as 
reported by experienced radiologists from an academic radiology department. Histological reports 
from all surgically excised osteochondromas were reviewed and compared to preoperative MRI 
reports.

Results
Forty-two patients with radiologically confirmed osteochondroma were reviewed. Twenty-four 
patients underwent MRI investigation and subsequent surgical resection for potential malignant 
transformation. Radiology reports suggested potential malignant transformation in 11 patients 
(46%), but only one case (4%) had histologically confirmed malignant transformation. The 
discordance between MRI and histology was statistically significant (p = 0.002), indicating MRI 
overestimation.

Conclusion
MRI appears to overestimate malignant transformation in osteochondromas, with poor correlation 
to histology. We speculate that this discordance is due to inaccuracies in measuring the thickness 
of the cartilage cap during radiological (MRI) evaluation.

Level of evidence: 4
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Introduction
Osteochondromas are the most common benign bone tumours 
and present in two variants: solitary osteochondromas and 
multiple hereditary exostosis (MHE).1-3 While the aetiology of  
osteochondromas is poorly understood, research into the dys- 
regulation of the Indian hedgehog protein is currently underway, 
investigating its role in the pathogenesis of malignant trans-
formation.4,5 Malignant transformation primarily manifests as 
chondrosarcoma emerging within the cartilage cap.1,6,7

Osteochondromas are typically diagnosed on plain radiographs, 
which reveal a sessile or pedunculated bony protrusion that is 
continuous with the underlying cortex and medullary canal.1,6-8 
Suspicion for malignant transformation is investigated using 
magnetic resonance imaging (MRI), because of its superior ability 
to measure the cartilage cap thickness. A cartilage cap thickness 
greater than 3 mm in children and 20 mm in adults is generally 
considered concerning, although the cut-off values vary across 
studies.1,7,9,10 
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Despite the widespread use of MRI to assess of the cartilage  
cap, the absence of standardised, reproducible radiological 
measurements has made the interpretation of MRI findings 
challenging. Literature primarily focuses on the measurement 
thresholds that determine malignant transformation in 
osteochondroma and rarely defines how this measurement 
should be made.1-4,6-14 Other radiological features of malignant 
transformation include soft tissue mass with or without soft tissue 
calcifications, dispersed calcifications within the cartilaginous 
cap, bone destruction, and altered appearance on sequential 
studies.1,7,9,10

To date no published series have investigated the 
diagnostic concordance between MRI features suggestive of 
malignant transformation and definitive histological findings in 
osteochondroma. This study aims evaluate the discordance 
between MRI and histology in patients who underwent surgical 
resection for presumed malignant transformation.

Methods
This single-centre retrospective cohort study was performed at a 
tertiary-level bone tumour and limb reconstruction unit. Institutional 
ethics committee approval was obtained prior to study initiation. 
This study included patients diagnosed with osteochondroma 
between January 2016 and June 2024.

Patients with radiographic or clinical features suggestive of 
malignant transformation underwent MRI evaluation (Figure 1). All 
MRI scans were reported by experienced academic radiologists as 
part of routine practice, using the department’s usual diagnostic 
protocols. Importantly, the study did not attempt to standardise 
or retrospectively define the radiological criteria used to suggest 
malignant transformation. This was intentional: the aim was 
to assess how reliably such interpretation, made under real-
world conditions without researcher interference, corresponds 
to histological outcomes. As this was a retrospective study, 
radiologists were unaware of the study’s objectives. Inter- and 
intra-observer variability was unable to be assessed due to the 
retrospective nature of the study. Cartilage cap thickness measures 
were recorded from the official radiology reports as documented in 
the clinical record. 

All surgically resected specimens were evaluated by dedicated 
anatomical pathologists. Histological diagnosis was considered the 
reference standard for determining malignant transformation.

Statistical analysis was performed using SPSS v29 (IBM Corp, 
Armonk, NY, USA). Parametric data were reported as mean, 
standard deviation (SD) and range where appropriate. Non-
parametric data were described with median and range. Categorical 
data were described as frequencies and/or counts, with a 95% 
confidence interval (CI) where appropriate. Fisher’s exact test was 
used to detect significant differences between categorical data. 

Results
A total of 42 patients with radiographically diagnosed osteo-
chondroma were reviewed. There were 30 males and 12 females, 
with a median age of 19.5 years (IQR 15–31). Out of the 42 
patients, 38/42 (91%) patients were diagnosed with solitary 
osteochondroma, while 4/42 (10%) patients had MHE. The most 
affected anatomical sites were the tibia (14/42, 33%) and femur 
(12/42, 29%). Most patients 39/42 (93%) initially presented with 
a palpable mass or swelling. Additional symptoms included 
pathological pain at rest 24/42 (57%), mechanical symptoms 12/42 
(29%), and mass effect 12/42 (29%). The patients’ demographics 
and lesion characteristics are summarised in Table I. 

Of the 42 included patients, 27 (64%) underwent MRI evaluation 
based on concerning clinical or radiographic features. Among 

these, 12 patients (44%) had MRI findings suggestive of malignant 
transformation. Three patients were excluded from histological 
comparison: one declined surgery and two did not have histology 
results at the time of data collection. Therefore, nine patients with 
radiologically concerning features underwent surgery and had 
histological results available. Of these, one patient (11%) had 
confirmed malignant transformation (high-grade chondrosarcoma), 
while the remaining eight (89%) were confirmed to be benign on 
histology. 

The remaining 15 patients (36%) had benign-appearing lesions. 
Of these, 11 (73%) underwent surgical resection for mechanical 
symptoms, with histology confirming benign osteochondromas in 
all cases. 

In total, 24 patients underwent both MRI investigation and 
surgical resection. The age range among this group was 9–70 
years with a median age of 19.5 years (IQR 15–31). Of these, 22 
(92%) had no histological evidence of malignancy. One patient 
had benign histology and was found intraoperatively to have 
bone erosion from a brachial artery aneurysm. One patient had 
histological confirmation of malignant transformation to high-grade 
chondrosarcoma.

Figure 1: Examples of osteochondromas collected from this present 
study that raised suspicion of possible malignant transformation, and 
subsequently underwent MRI investigation

Table I: The demographics of the patients diagnosed with 
osteochondromas

Demographics n = 42

Male sex (%, n) 71 (30)

Female sex (%, n) 29 (12)

Age in years (mean, STD) 23.93 (±14.6)

Side of presentation (%, n)
Right
Left
Bilateral

50 (21)
48 (20)

2 (1)

Lesions (%, n)
Single
Multiple

90 (38)
10 (4)

Lesion type (%, n)
Pedunculated
Sessile

52 (22)
48 (20)

Data reported as mean, percentage or as frequencies with counts in parenthesis
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This represents significant discordance between concerning MRI 
features of malignant transformation and histological confirmation. 
The positive predictive value of MRI for malignant transformation 
in this cohort was 9%. 

A total of 37/42 (88%) patients underwent surgical 
osteochondroma excision. Histology was for 35/37 (95%) cases. 
Only one case (3%) was found to be malignant, in line with 
published malignancy rates.

Discussion
This study demonstrates a significant discordance between 
MRI findings and histological confirmation of malignant 
transformation in patients with osteochondroma. Among patients 
with no concerning features on plain radiographs, no histological 
evidence of malignant transformation was found. Among patients 
with concerning features reported on MRI, only one case had 
evidence of malignant transformation on histological examination, 
indicating a notable tendency of MRI to overestimate the presence 
of malignant transformation of these lesions. In this study, the 
authors attribute this discrepancy to inaccuracies in measuring the 
cartilage cap thickness during radiological evaluation conducted 
with MRI investigation.

According to Ramavathu et al. malignant transformation occurs 
in 1% of solitary osteochondroma cases and 3–5% of HME cases.7 
Two studies conducted in China have reported on the incidence 
rate of malignant transformation of osteochondroma. Zheng et al. 
documented an incidence rate of 2.4%, and Tong et al. reported 
an incidence rate of 1.1%.15,16 This current study is in keeping with 
the literature in reporting low rates of malignant transformation of 
osteochondroma.15,16 

The cartilaginous cap serves as the origin for neoplastic 
progression into secondary chondrosarcoma.1,17 To assess for 
malignant transformation, measurement of the cartilage cap 
thickness using MRI investigation acts as a pivotal criterion.6,8,17,18 
Despite the debate regarding threshold values for cartilage 
cap thickness to indicate malignant transformation, the lack 
of standardisation in measurement technique seems more 
problematic.1-4,6-14 

Ramavathu et al. produced a sensitivity and specificity test 
of 100% and 98% respectively, using 20 mm cartilage cap 
thickness as the cut-off value for differentiation between benign 
osteochondroma and malignant transformation.7 In this present 
study, the MRI evaluation produced a high sensitivity (100%), 
but a low specificity (57%) in detecting features of malignant 
transformation when compared to the histological findings. Deckers 
et al. reported several studies wherein MRI findings corresponded 
with histopathological findings.18 However, in this study there is no 
correlation between MRI findings and histopathological findings of 
malignant transformation of osteochondroma. 

Bernard et al. proposed the technique for measuring the cartilage 
cap perpendicular to the tidemark, excluding cartilage crevasses.17 
However, there are several potential problems with this method for 
measuring the cartilage cap size. These potential problems include 
1) variability in identifying the tidemark which serves as a crucial 
reference point. Therefore, 2) measuring the thickest portion of 
the cartilage perpendicular to the tidemark can be challenging, 
especially if the tidemark is not well-defined. Lastly, 3) difficulty in 
differentiating the cartilage cap from surrounding structures could 
result in inaccurate measurement and subsequent overestimation 
of cartilage cap size. As Bernard et al. stated: ‘overlaying bursa 
results in false-positive thickening of the cartilage cap when 
measured on CT’.17

This study proposes an additional consideration or possible 
explanations for the inaccurate interpretations of malignant findings 
on MRI and the low confirmed malignancy rate on histology. To 
minimise inaccurate measurement of cartilage cap thickness, it is 
critical to ensure a true axial and true sagittal view of the lesion is 
obtained during MRI investigation. As described by Bernard et al., 
an axial cut is used in order to identify the tidemark which serves 
as a crucial reference point.17 Figure 2 illustrates the so-called 
projection effect: the surface area of a lesion increases when the 
lesion has an oblique view rather than a true axial view. The term 
‘projection effect’ is used in physics and mathematics to describe 
an increase surface area of the object (the increase in projected 
area is proportional to the cosine of the tilt angle).19 
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Figure 2: Oblique angle of the lesion resulting in inaccurate measurement and overestimation of cartilage cap thickness
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In radiology, it is described as a parallax effect – whenever the 
object is placed off-centre or tilted relative to the centre of the 
beam, the resulting projection may be distorted.20 Measuring the 
lesion at an oblique angle may lead to inaccurate measurements, 
potentially creating a false impression of malignant transformation. 

Given the high rate of false-positive MRI findings, clinicians 
should interpret concerning imaging features cautiously and avoid 
using MRI in isolation to justify surgical excision. Incorporating 
clinical symptoms, lesion progression and radiographic changes 
offers a more balanced approach to managing suspected malignant 
transformation.

This study has several limitations, primarily due to the relatively 
small sample size of patients diagnosed with osteochondroma. 
The retrospective design introduces inherent constraints, including 
the lack of standardised imaging interpretation and the inability 
to assess inter- and intra-observer variability. Additionally, the 
potential for selection bias cannot be excluded, and the single-
centre setting may limit the generalisability of our findings to 
broader populations.

Conclusion
Malignant transformation of osteochondroma remains rare but 
clinically significant. This study highlights a notable discordance 
between MRI findings suggestive of malignancy and histological 
confirmation, with MRI demonstrating poor specificity. The 
overestimation of malignancy risk based on imaging alone may 
lead to unnecessary surgical intervention and patient anxiety. 

Our findings underscore the need for standardised, reproducible 
criteria for assessing cartilage cap thickness. Until such protocols 
are established, clinicians should interpret MRI findings in 
conjunction with clinical symptoms and radiographic progression 
to guide management. 
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