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Abstract
Objective To identify magnetic resonance imaging (MRI) features which aid differentiation of low-grade chondral tumours
(LGCT-enchondroma and grade 1 chondrosarcoma) from high-grade chondral tumours (HGCT) in patients with
enchondromatosis.
Materials and method Approval from our local Research and Innovation Centre of The Institute of Orthopaedics was gained.
Patients with enchondromatosis who had biopsy and/or resection of chondral lesions over a 13-year period were identified. The
pre-biopsy MRI study was assessed by two experienced musculoskeletal radiologists for tumour origin (intramedullary or
surface), cortical expansion, cortical destruction, bone marrow oedema, periosteal reaction, soft tissue mass and soft tissue
oedema. MRI features were compared with the final histopathological diagnosis.
Results The study group comprised 25 males and 16 females, with a mean age of 34.9 years (range 6–81 years). Fifty-nine
lesions were assessed (12 patients had > 1 tumour treated), including 43 LGCT and 16 HGCT. Significant MRI features
suggesting malignant transformation to HGCT for both observers included bone oedema (p = < 0.001 and 0.002), periosteal
reaction (p = 0.01) and soft tissue oedema (p = 0.001 and 0.05). Cortical destruction and soft tissue mass were predictors of
HGCT in major long bones, but no significant differentiating features were identified in the hands and feet.
Conclusion The presence of bone oedema, periosteal reaction and soft tissue oedema on MRI may indicate a high-grade
malignant transformation of chondral tumours in patients with enchondromatosis.
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Introduction

Enchondromas are common benign chondral tumours which
are usually asymptomatic, solitary and almost never progress
to secondary chondrosarcoma (CS) [1, 2]. The presence of
multiple enchondromas is known as enchondromatosis which
has a prevalence of 1:100,000, with Ollier disease (multiple
enchondromas) and Maffucci syndrome (multiple
enchond romas and so f t t i s sue haemang iomas /
lymphangiomas) being the commonest sub-types [2]. The

most important complication of enchondromatosis is the ma-
lignant transformation to CS for which the reported incidence
is highly variable, ranging from 5–50% [3]. Both
enchondromas and haemangiomas may become malignant
in Maffucci syndrome with a reported risk of 15–56%, com-
pared to 25–30% in Ollier disease [4]. Malignant transforma-
tion in both solitary enchondroma and enchondromatosis to
CS is intramedullary and preferentially affects long tubular
bones such as the femur, humerus and tibia [4, 5]. In addition,
multifocal malignant transformation is not uncommon and has
been reported in enchondromatosis [2].

The 2020 WHO Classification of Soft Tissue and Bone
Tumours [6] differentiates chondral tumours histologically
into enchondroma, atypical cartilaginous tumour/grade 1
chondrosarcoma (ACT/Gd1-CS), grade 2 and grade 3
chondrosa r coma (HG-CS) and ded i f f e ren t i a t ed
chondrosarcoma (DD-CS). Within the set t ing of
enchondromatosis, enchondromas and ACT/Gd1-CS are typ-
ically treated with observation or curettage, while HG-CS and
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DD-CS require resection with/without reconstruction.
Therefore, clinical and imaging features which aid in the dif-
ferentiation between enchondroma/ACT/Gd1-CS (hereafter
termed low-grade chondral tumours-LGCT) and HG-CS/
DD-CS (hereafter termed high-grade chondral tumours-
HGCT) would be important. While the differentiation be-
tween solitary enchondroma and chondrosarcoma has been
extensively studied [7–16], as has the differentiation between
solitary ACT/Gd1-CS and HG-CS/DD-CS [17–20], the MRI
features differentiating LGCT from HGCT in the setting of
enchondromatosis have not been previously reported. The
purpose of this study is to identify potential MRI features of
chondral lesions which may differentiate LGCT from HGCT
in patients with Ollier disease and Maffucci syndrome.

Materials and methods

The study was approved by the local Research and Innovation
Centre of The Institute of Orthopaedics under the Integrated
Research Application System number 262826, with no re-
quirement for informed patient consent.

A retrospective review of imaging and histopathology re-
ports was undertaken in patients with a known diagnosis of
Ollier disease or Maffucci syndrome in the setting of a tertiary
referral bone and soft tissue sarcoma service. Inclusion criteria
were all patients who had undergone biopsy and/or curettage/
resection of chondral lesions over a 13-year period (2007–
2020), who had at least one pre-biopsy MRI study of the
biopsied or resected lesion. Patients with biopsies of non-

chondral lesions and those without an MRI of the index lesion
were excluded. Patient age, sex and lesion site were recorded.

A large proportion of the MRI studies were performed at
referring hospitals (n = 21; 35.6%) resulting in a wide varia-
tion of imaging protocols. However, all studies included at
least one T1-weighted turbo spin echo (T1W TSE), short tau
inversion recovery (STIR) or fat-suppressed T2-weighted fast
spin-echo (T2W FSE) sequence, with differing combinations
of axial, coronal and sagittal planes. MRI studies performed
following referral (n = 38: 17 at 1.5T and 21 at 3T; 64.4%)
typically consisted of coronal T1W TSE and STIR, sagittal
T2W FSE and axial proton density-weighted fast spin echo
(PDW FSE) and spectral attenuated inversion recovery
(SPAIR) sequences. Contrast enhancement was rarely utilised
(n = 4; 6.8%) and was therefore not assessed. Retrospective
review of pre-biopsy MRI studies was independently per-
formed by two consultant musculoskeletal radiologists with
> 26-year (AS) and > 18-year (POD) experience of musculo-
skeletal tumour imaging. Both reviewers were aware that the
patients had enchondromatosis and which chondral tumour
had been biopsied, but were blinded to the histopathology
results. The specific MRI features assessed included the pres-
ence of bone expansion, cortical destruction, peri-lesional
bone marrow oedema, periosteal reaction, soft tissue mass
and soft tissue oedema according to the following definitions:

& Bone expansion: expansion of the medullary cavity of the
bone beyond its expected shape

& Cortical destruction: focal absence of the cortical signal
void on any MRI pulse sequence

& Peri-lesional bone marrow oedema: reduced T1W TSE
and increase STIR signal intensity (SI) of the bonemarrow
adjacent to the chondral lesion with poorly defined
margins

& Periosteal reaction: fluid SI on fat-suppressed T2W,
SPAIR or STIR sequences on the surface of the bone

& Soft tissue mass: direct extension of the intramedullary
chondral tumour through the destroyed cortex with the
same imaging characteristics of the intramedullary tumour
and well-defined peripheral margins

& Soft tissue oedema: poorly defined fluid SI on fat-
suppressed T2W, SPAIR or STIR sequences which ex-
tended beyond the surface of the bone cortex into the
peri-osseous fat or muscles

In addition, the origin of the lesion from bone
(intramedullary or surface) was noted. A lesion was defined
as intramedullary when it was clearly located within the con-
fines of the cortical signal void and surface when it arose on
the outer side of the cortical signal void.

All needle biopsy and surgical histology specimens were
reported for clinical purposes by 2 specialist consultant histo-
pathologists in consensus, but were not specifically reviewed

Table 1 Skeletal location of 59 chondral lesions

Location Bone Intramedullary* Surface Total

Long bone (n = 21) Femur 12 0 12

Humerus 3 1 4

Tibia 3 0 3

Fibula 1 0 1

Radius 1 0 1

Flat bone (n = 5) Ilium 4 0 4

Acetabulum 1 0 1

Hand (n = 22) Phalanx 18 2 20

MC 2 0 2

Foot (n = 11) Phalanx 4 1 5

Medial
cuneiform

2 0 2

Calcaneus 2 0 2

MT 1 0 1

Talus 1 0 1

Total 55 4 59

*Based on observer 1 (AS)
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for the purposes of this study. The histopathology findings
were grouped into the following categories: LGCT
(enchondroma/ACT/Gd1-CS) and HGCT (grade 2–3 CS or
DD-CS). The final histological diagnosis was based on surgi-
cal specimens in 48 (81.4%) lesions and needle biopsy in 11
(18.6%).

Statistical analysis

Descriptive statistics were used for patient demographics,
skeletal location and final histological diagnosis. The first
analysis examined the association between lesion location
and final diagnosis (either LGCT or HGCT). The second anal-
ysis examined inter-observer agreement for each of the
assessed MRI parameters using the kappa statistic.

Subsequent analyses examined the relationship between each
of the MRI parameters with the final diagnosis (either LGCT
or HGCT) for each observer using Fisher’s exact test. A fur-
ther analysis examined the association between lesion location
and each of the MRI parameters with the final diagnosis (ei-
ther LGCT or HGCT) in the location sub-groups, again using
Fisher’s exact test. These analyses were performed for the
long bone and hand/foot sub-groups only since there were
an insufficient number of patients in the flat bone sub-group
to perform similar analyses. Finally, sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV) and accuracy of MRI for diagnosing HGCT were
calculated.

Fig. 1 An 8-year-old boy with
Ollier disease and a swollen left
distal thigh. a Coronal T1W TSE
and b axial SPAIR MR images
show multiple intramedullary
chondral tumours with a major
lesion expanding the medial fem-
oral metaphysis (arrows).
Histologically confirmed LGCT

Fig. 2 A 72-year-old female with Ollier disease and a swollen wrist. a
Coronal T1W TSE, b sagittal T2W FSE and c axial fat-suppressed T2W
FSE MR images show a large distal radial intramedullary chondral

tumour (arrows) which has broken through the cortex to form a soft tissue
mass (arrowheads a, c). Histology confirmed a LGCT
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Results

Forty-one patients fulfilled the inclusion criteria, 25 (61%)
males and 16 (39%) females with a mean age at first
diagnosis of the index tumour of 34.9 years (range 6–81
years). Twelve patients had more than 1 tumour treated
(range 2–4), and therefore, a total of 59 separate lesions
were assessed. Thirty-five (85.4%) patients had a diagnosis
of Ollier disease and 6 (14.6%) of Maffucci syndrome.
Lesion location is presented in Table 1, 21 (35.6%) tu-
mours involving the major long bones (Figs. 1, 2), 5
(8.5%) the flat bones of the pelvis (Fig. 3), 22 (37.3%)
the small tubular bones of the hand (Figs. 4, 5) and 11
(18.6%) the tarsal bones or small tubular bones of the feet
(Fig. 6). The diagnosis was based on surgical histology in
48 (81.4%) cases (curettage in 23, resection in 19 and
amputation in 6) and by needle biopsy alone in 11
(18.6%) cases. Final histology revealed 43 LGCT and 16

HGCT. Of the latter, 12 occurred in Ollier disease and 4
in Maffucci syndrome. Table 2 presents the relationship
between lesion location and final histology which sug-
gested a significant association, the occurrence of a
HGCT being highest in the flat bones (80%) and lowest
in the hand/foot (13%) (p = 0.004).

Inter-observer agreement for the assessed MRI variables is
presented in Table 3, which showed that strength of agreement
typically varied between 0.4 and 0.6 suggesting moderate
agreement, but a good agreement for bone and soft tissue
oedema (both > 0.6). Tables 4 and 5 present the relationship
between assessed MRI variables and final histology for each
observer. The results for both observers suggested significant
associations with HGCT for bone oedema, periosteal reaction
and soft tissue oedema, but for the 2nd observer (POD), the
result for soft tissue oedema was only of borderline statistical
significance. The relationship between MRI variables and fi-
nal histology for major long bone lesions indicated that

Fig. 3 A 25-year-old male with
Ollier disease presenting with left
groin pain. a Coronal STIR and b
axial PDWFSEMR images show
an extensive chondral tumour in
the left acetabulum and ischium
(arrows) associated with perioste-
al reaction (arrowhead a).
Histology confirmed a HGCT

Fig. 4 A 12-year-old boy with
Ollier disease presenting with a
large swelling of the middle fin-
ger proximal phalanx. a Coronal
T1W TSE and b STIR MR im-
ages show a large chondral tu-
mour arising from the radial side
of the middle finger proximal
phalanx (arrows) with several
smaller lesions demonstrated (ar-
rowheads). The major lesion was
a histologically proven LGCT
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cortical destruction and bone oedema were significant indica-
tors of HGCT for observer 1 (AS) and that cortical destruc-
tion, periosteal reaction and soft tissue mass were predictors of
HGCT for observer 2 (POD) (Figs. 7, 8, 9). However, there
were no individualMRI predictors of HGCT for either observ-
er in the small bones of the hands and feet (Fig. 10).

Table 6 presents the sensitivity, specificity, PPV, NPV and
accuracy of each of the assessedMRI variables for a diagnosis
of HGCT for each observer. The most sensitive indicators of
HGCT were intramedullary location and cortical expansion,
while the most specific were bone oedema, periosteal reaction
and soft tissue oedema. These were also the most accurate for
a diagnosis of HGCT.

Discussion

The current study aimed to determine MRI features which
may be indicative of high-grade chondrosarcomatous transfor-
mation in patients with enchondromatosis. For the overall
population, the presence of bone oedema, periosteal reaction
and soft tissue oedema was highly suggestive of HGCT, while
for major long bone tumours, cortical destruction and soft
tissue mass were also relevant features. NoMRI features were
predictive of HGCT in the small bones.

Previous studies have identified a peak age of > 40 years
and a predilection for the pelvis and long tubular bones as
differentiating features of chondrosarcoma in the setting of

Fig. 5 A 25-year-old male with
Maffucci syndrome presenting
with multiple swollen fingers. a
Coronal T1W TSE and b sagittal
T2W FSE MR images show
multiple chondral tumours
expanding the fingers (arrows)
associated with soft tissue
haemangiomas (arrowheads b).
Histology confirmed HGCT aris-
ing from the little finger

Fig. 6 A 38-year-old male with
Ollier disease presenting with
medial midfoot pain. a Sagittal
T1W TSE and b axial fat-
suppressed T2W FSEMR images
show a chondral lesion expanding
the medial cuneiform (arrows)
associated with both bonemarrow
(thin arrows b) and soft tissue
(arrowhead b) oedema.
Histologically confirmed a
HGCT
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enchondromatosis [2, 3, 7, 21]. The current study demon-
strates that the majority of HGCT occurred in long bone loca-
tions and that 80% of pelvic tumours were HGCT, while 87%
of small bone lesions of the hands and feet were LGCT.
Although the malignant transformation of benign solitary
enchondroma in the hands and feet to secondary CS is ex-
tremely rare, it has been described in the presence of
enchondromatosis [3, 22, 23], but less frequently in the hands
and feet than in major long and flat bones. We did not assess
patient age since 12 patients had further tumours at various
times during their disease course, ranging from 0–9 years
following presentation with the index lesion.

The risk of malignant transformation is higher in Maffucci
syndrome than in Ollier disease [4], which is supported by our
results where 4 of 6 (66.7%) patients with Maffucci syndrome
developed a HGCT compared to only 10 of 35 (28.6%) pa-
tients with Ollier disease (2 patients having 2 tumours each).
This is similar to the findings of Verdegaal et al. who

described 66 CS in 161 patients with Ollier disease or
Maffucci syndrome, 57 of 144 (39.6%) in Ollier disease and
9 of 17 (53%) in Maffucci syndrome [3]. However, compar-
ison with our results is difficult since Verdegaal’s study in-
cluded ACT/grade 1 CS within the CS group, which
accounted for 52% of cases [3].

Previously reported radiographic features suggestive of the
development of chondrosarcoma in enchondromatosis include
cortical destruction and extra-osseous soft tissue mass [3].
Several studies have assessed the MRI features which may

Table 3 Summary of MRI parameters and inter-observer agreement

Variable Category Observer
1 n (%)

Observer
2 n (%)

Kappa
(95% CI)

Site in bone Intramedullary 55 (93) 48 (81) 0.48 (0.26,
0.70)

Surface 4 (7) 11 (19)

Bone
expansion

No 8 (14) 23 (39) 0.39
(0.19, 0.60)

Yes 51 (86) 36 (61)

Cortical
destruction

No 20 (34) 29 (49) 0.56
(0.31, 0.80)

Yes 39 (66) 30 (51)

Bone marrow
oedema

No 42 (71) 38 (64) 0.77
(0.51, 1.00)

Yes 17 (29) 21 (36)

Periosteal
reaction

No 52 (88) 52 (88) 0.51
(0.26, 0.77)

Yes 7 (12) 7 (12)

Soft tissue
mass

No 18 (31) 28 (47) 0.52
(0.28, 0.76)

Yes 41 (69) 31 (53)

Soft tissue
oedema

No 42 (71) 48 (81) 0.63
(0.39, 0.88)

Yes 17 (29) 11 (19)

Table 4 Univariate associations between MRI parameters and final
diagnosis for observer 1 (AS)

Variable Category LGCT n
(%)

HGCT n
(%)

P
value

Site in bone Intramedullary 39 (71) 16 (29) 0.57

Surface 4 (100) 0 (0)

Bone expansion No 6 (75) 2 (25) 1.00

Yes 37 (73) 14 (27)

Cortical destruction No 15 (75) 5 (25) 1.00

Yes 28 (72) 11 (28)

Bone marrow
oedema

No 37 (88) 5 (12) <0.001

Yes 6 (35) 11 (65)

Periosteal reaction No 41 (79) 11 (21) 0.01

Yes 2 (29) 5 (71)

Soft tissue mass No 13 (72) 5 (28) 1.00

Yes 30 (73) 11 (27)

Soft tissue oedema No 36 (86) 6 (14) 0.001

Yes 7 (41) 10 (59)

Table 2 Association between lesion location and final diagnosis

Variable Category LGCT n (%) HGCT n (%) P value

Lesion location Long bone 14 (64) 8 (36) 0.004

Flat bone 1 (20) 4 (80)

Hand/foot 28 (87) 4 (13)

Table 5 Univariate associations between MRI parameters and final
diagnosis for observer 2 (POD)

Variable Category LGCT n
(%)

HGCT n
(%)

P
value

Site in bone Intramedullary 33 (69) 15 (31) 0.26

Surface 10 (91) 1 (9)

Bone expansion No 19 (83) 4 (17) 0.24

Yes 24 (67) 12 (33)

Cortical destruction No 23 (79) 6 (21) 0.38

Yes 20 (67) 10 (33)

Bone marrow
oedema

No 33 (87) 5 (13) 0.002

Yes 10 (48) 11 (52)

Periosteal reaction No 41 (79) 11 (21) 0.01

Yes 2 (29) 5 (71)

Soft tissue mass No 23 (82) 5 (18) 0.15

Yes 20 (65) 11 (35)

Soft tissue oedema No 38 (79) 10 (21) 0.05

Yes 5 (45) 6 (55)
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Fig. 7 A 64-year-old male with
Ollier disease presenting with a
painful swelling on the
anteromedial proximal calf. a
Coronal STIR and b axial T1W
TSE MR images show a chondral
lesion in the central proximal tibia
(arrows) with associated bone
marrow oedema (arrowheads a)
and an anterior extra-osseous soft
tissue mass extending through the
destroyed tibial cortex (arrow-
heads b). Histologically con-
firmed HGCT

Fig. 8 A 25-year-old male with Ollier disease and swelling over the
lateral left knee. a Sagittal PDW FSE, b coronal STIR and c axial
SPAIR MR images show an intramedullary chondral tumour in the

fibular head (arrows) which has broken through the cortex to form a small
soft tissue mass with associated bone marrow (arrowheads b, c) and soft
tissue (thin arrows b, c) oedema. Histology confirmed a HGCT

Fig. 9 A 26-year-old male with
Ollier disease presenting with left
shoulder pain. a Coronal T1W
TSE and b axial SPAIR MR im-
ages show expansion and defor-
mity of the proximal humerus
which contains multiple chondral
tumours (arrows), and also a par-
ticularly large tumour mass ex-
tending through the medial
metaphyseal cortex (arrowheads)
with associated soft tissue oede-
ma (thin arrows b). Histology
confirmed a HGCT
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differentiate between LGCT and HGCT in the setting of a
solitary lesion [17–19], which were summarised in a

systematic review by Deckers et al. who concluded that loss
of entrapped fatty marrow, cortical breakthrough and extra-

Fig. 10 A 64-year-old male with
Ollier disease presenting with a
swelling on the medial midfoot. a
Sagittal T1W TSE and b axial
SPAIR MR images show a
chondral lesion in the medial cu-
neiform (arrows) with multiple
further smaller chondral lesions
(arrowheads a) and associated
bone marrow oedema (thin arrow
b). A prominent soft tissue mass
is also noted adjacent to the me-
dial cuneiform (arrowhead b).
Biopsy of the soft tissue mass
confirmed a LGCT

Table 6 Diagnostic performance
of MRI variables for the
prediction of HGCT for both
observers

MRI feature Statistic Observer 1 Observer 2

n/N % (95% CI) n/N % (95% CI)

Intramedullary location Sensitivity 16/16 100% (79%, 100%) 15/16 94% (70%, 100%)
Specificity 4/43 9% (3%, 22%) 10/43 23% (12%, 39%)
Positive PV 16/55 29% (18%, 43%) 15/48 31% (19%, 46%)
Negative PV 4/4 100% (40%, 100%) 10/11 91% (59%, 100%)
Accuracy 20/59 34% (22%, 47%) 25/59 42% (30%, 56%)

Bone expansion Sensitivity 14/16 88% (62%, 98%) 12/16 75% (48%, 93%)
Specificity 6/43 14% (5%, 28%) 19/43 44% (29%, 60%)
Positive PV 14/51 28% (16%, 42%) 12/36 33% (19%, 51%)
Negative PV 6/8 75% (35%, 97%) 19/23 83% (61%, 95%)
Accuracy 20/59 34% (22%, 47%) 31/59 53% (39%, 66%)

Cortical destruction Sensitivity 11/16 69% (41%, 89%) 10/16 63% (35%, 85%)
Specificity 15/43 35% (21%, 51%) 23/43 54% (38%, 69%)
Positive PV 11/39 28% (15%, 45%) 10/30 33% (17%, 53%)
Negative PV 15/20 75% (51%, 91%) 23/29 79% (60%, 92%)
Accuracy 28/59 44% (31%, 58%) 33/59 56% (42%, 69%)

Bone marrow oedema Sensitivity 11/16 69% (41%, 89%) 11/16 69% (41%, 89%)
Specificity 37/43 86% (72%, 95%) 33/43 77% (61%, 88%)
Positive PV 11/17 65% (38%, 86%) 11/21 52% (30%, 74%)
Negative PV 37/42 88% (74%, 96%) 33/38 87% (72%, 96%)
Accuracy 48/59 81% (69%, 90%) 44/59 75% (62%, 85%)

Periosteal reaction Sensitivity 5/16 31% (11%, 59%) 5/16 31% (11%, 59%)
Specificity 41/43 95% (84%, 99%) 41/43 95% (84%, 99%)
Positive PV 5/7 71% (29%, 96%) 5/7 71% (29%, 96%)
Negative PV 41/52 79% (65%, 89%) 41/52 79% (65%, 89%)
Accuracy 46/59 78% (65%, 88%) 46/59 78% (65%, 88%)

Soft tissue mass Sensitivity 11/16 69% (41%, 89%) 11/16 69% (41%, 89%)
Specificity 13/43 30% (17%, 46%) 23/43 54% (38%, 69%)
Positive PV 11/41 27% (14%, 43%) 11/31 36% (19%, 55%)
Negative PV 13/18 72% (47%, 90%) 23/28 82% (63%, 94%)
Accuracy 24/59 41% (28%, 54%) 34/59 58% (44%, 70%)

Soft tissue oedema Sensitivity 10/16 63% (35%, 85%) 6/16 38% (15%, 65%)
Specificity 36/43 84% (69%, 93%) 38/43 88% (75%, 96%)
Positive PV 10/17 59% (33%, 82%) 6/11 55% (23%, 17%)
Negative PV 36/42 86% (72%, 95%) 38/48 79% (65%, 90%)
Accuracy 46/59 78% (65%, 88%) 42/59 75% (62%, 85%)
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osseous soft tissue extension was more often seen with HGCT
than LGCT [20]. These studies predominantly assessed major
long bone lesions, with no study currently published looking
at the MRI differentiation of LGCT from HGCT in a large
group of tumours arising from flat bones. Douis et al. [18]
found that bone oedema, periosteal reaction, bone expansion,
cortical destruction, soft tissue mass and soft tissue oedema
were all features associated with HGCT in the major long
bones. All of these features apart from bone expansion were
also found to favour HGCT of themajor long bones in patients
with enchondromatosis. Fayed et al. [11] and Ogose et al. [14]
found that chondrosarcomas of the hands and feet had associ-
ated extra-osseous soft tissue mass in 70% and 79% of cases
respectively, while Zhou et al. found bone expansion to be
indicative of secondary CS in enchondromatosis of the hands
and feet [24]. However, in the current study, there were no
MRI features which helped to differentiate LGCT and HGCT
in the hands and feet.

The current study has several limitations, including its ret-
rospective nature and a relatively small sample size. In 11
cases, histological diagnosis relied purely on needle biopsy
which may underestimate the grade of chondral tumours com-
pared to surgical histology [25]. In most cases, there was no
previous MRI study of the biopsied lesion for assessment of
lesion growth as a further indication of tumour grade. The
majority of MRI examinations were performed prior to refer-
ral with differing protocols, which may have affected the ap-
pearances of peri-lesional bone marrow and soft tissue oede-
ma from case to case. Only a minority of contrast-
enhanced studies were available, but as the aim of the
study was to evaluate whether MRI could differentiate
low- and high-grade chondrosarcoma, techniques such
as dynamic contrast-enhanced MRI and diffusion-
weighted imaging (DWI) were not assessed. The former
has not been shown to be of value in differentiating
enchondroma from chondrosarcoma [13], while DWI
has also not been found useful for the identification of
chondrosarcoma [26]. Finally, FDG-PET studies were
also not available in any cases. FDG-PET has shown
value in differentiating low-grade chondral tumours
from higher-grade lesions based on SUVmax [27], and
therefore, this could be the subject of further research in
the setting of enchondromatosis.

In conclusion, the current study suggests that high-
grade CS is more likely to occur in Maffucci syndrome
and in tumours arising from the pelvis. The presence of
bone oedema, periosteal reaction and soft tissue oedema
on MRI may indicate high-grade malignant transforma-
tion in patients with enchondromatosis. In addition, cor-
tical destruction and soft tissue mass are features sug-
gestive of HGCT in major long bone lesions, but no
significant differentiating features were identified in the
small bones of the hands and feet.
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