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Abstract

Objective To describe the MRI features of paediatric conventional central chondrosarcoma (CC-CS) and correlate with histo-
logical grade.

Materials and methods A retrospective review of children/adolescents with histologically confirmed CC-CS. Data collected
included age, sex, skeletal location, and histology from needle biopsy or resection, which was classified as atypical cartilaginous
tumours/grade 1 CS (ACT/Gd 1 CS), high-grade chondrosarcoma (HGCS), and dedifferentiated chondrosarcoma (DD-CS). MRI
studies were reviewed independently by 2 radiologists blinded to the histology grade, who graded the tumours as ACT/Gd 1 CS,
HGCS, and DD-CS based on MRI features.

Results The study included 7 males and 10 females with mean age 13.9 years (range 6—18 years). Tumours were located in the
femur (n = 6), humerus (n = 3), tibia, ilium, scapula, and ulna (n = 1 each), and the small bones of the hands or feet (n =4). Final
histology grade was ACT/Gd 1 CS in 15 cases and HGCS in 2 (both grade 1 CS with focal transition to grade 2), 15 based on
surgical specimens, 1 based on open biopsy, and 1 on needle biopsy alone. Predicted MRI grade for the 2 readers was ACT/Gd 1
CSin 11 cases each and HGCS in 6 cases each, indicating a mismatch between predicted MRI grade and histological grade in 8
(47%) cases (4 cases with one reader mismatch and 4 cases with both).

Conclusions MRI findings in paediatric CC-CS may be misleading, showing features suggestive of HGCS 7 of 17 (41.2%) of
cases. This should be taken into consideration when planning surgical treatment.
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Introduction

Conventional central chondrosarcoma (CC-CS) typically pre-
sents in patients aged 40—60 years old and accounts for ~70%
of'all CS [1, 2]. Histologically, low-grade CS is sub-classified
into atypical cartilaginous tumour (ACT) when involving the
appendicular skeleton or grade 1 CS (Gd 1 CS) when
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involving the flat bones and axial skeleton, high-grade
chondrosarcoma (HGCS; grades 2 and 3 CS), and
dedifferentiated chondrosarcoma (DD-CS) [3]. CC-CS of the
long bones in the paediatric population is rare, accounting for
~5% of all cases [4], and the literature to date describes only a
few case series, the data from these papers focussing more on
prognosis and survival rather than on radiological appearances
[5-8].

Histological grade is one of the most important factors in
determining optimal treatment of CC-CS [9, 10], and there-
fore, accurate pre-operative tumour grading is essential. ACT/
Gd 1 CS is commonly managed with intra-lesional curettage
(IC) with or without various adjuvant treatments followed by
bone grafting or cementation [9, 10], while HGCS and DD-
CS require wide local excision (WLE) with or without recon-
struction, which may involve the use of an endoprosthetic
replacement (EPR) [10]. Pre-operative diagnosis should be
confirmed by needle biopsy following discussion at a special-
ist musculoskeletal sarcoma multidisciplinary team (MDT)
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meeting [11]. However, mismatch between histological tu-
mour grade suggested by needle biopsy and that following
curettage/resection is reported [12], which may potentially
result in surgical mismanagement.

The grading of central chondral tumours is typically made
on a combination of clinical and imaging findings. Certain
MRI features aid in the differentiation between low-grade
and high-grade appendicular CC-CS in adults, including bone
expansion, active periostitis, cortical destruction, reactive
bone and soft tissue oedema, and soft tissue mass [13—16].
Fayed et al. [17] described similar MRI features for HGCS
of the hands and feet. For differentiation of low-grade from
high-grade chondrosarcoma using MRI, Fritz et al. reported a
diagnostic accuracy of 84.8% [16], while in a recent system-
atic review, Deckers et al. concluded that further studies were
required to identify more reliable imaging features to differ-
entiate ACT from HGCS [18].

The aim of the current study was to identify if the MRI
criteria described to differentiate ACT from HGCS in adults
could be applied to paediatric CC-CS.

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.

The Histopathology Database was searched for all children
(age 0-18 years) with a histologically proven diagnosis of
enchondroma or CC-CS between January 2007 and
May 2020 which yielded 75 results (43 enchondromas and
32 CC-CS). ACT/Gd 1 CS was differentiated histologically
from enchondroma using the WHO 2020 criteria which in-
clude the presence of increased cellularity, irregular distribu-
tion of cells, the occurrence of bi-nucleate cells, and impor-
tantly the presence of host bone entrapment [3]. Cases of
enchondroma were not further assessed. Of the 32 CC-CS, 7
were excluded since there was no clinical information avail-
able in the electronic patient record, 3 were excluded since
they were recurrent tumours, and 5 were excluded since they
were either surface or peripheral tumours. This left 17 patients
with CC-CS for whom adequate imaging studies were avail-
able. Two cases had been referred purely for pathological
review and had imaging available, but no clinical details or
follow-up.

Pre-biopsy radiographs were available in 15 cases while all
patients had pre-biopsy/surgery MRI studies, either from the
referring hospital (n = 12) or performed at our centre follow-
ing referral (n=5;4 at 1.5 T and 1 at 3 T). Studies performed
prior to referral had a variety of sequences, but all had a com-
bination of T1-weighted turbo spin echo (TIW TSE), T2-
weighted fast spin echo (T2W FSE), or short tau inversion
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recovery (STIR) sequences. MRI studies performed following
referral consisted of coronal TIW TSE, coronal STIR, sagittal
T2W FSE, and axial proton density—weighted fast spin echo
(PDW FSE) and spectral attenuated inversion recovery
(SPAIR) sequences. Intravenous contrast was not used in
any of the cases. MRI studies were reviewed independently
by 2 consultant musculoskeletal radiologists with 21 and
8 years’ experience of bone tumour imaging who were
blinded to the final histological diagnosis. The following
criteria were assessed:

Tumour length: maximal tumour length in millimetres on
coronal TIW TSE MRI

Cortical thickening: thickening of the cortical signal void
Cortical destruction: focal loss of the cortical signal void
Bone expansion: increase in axial dimensions of the med-
ullary cavity

Active periostitis: increased SI around the cortical margin
on fluid-sensitive sequences in the presence of an intact
bone cortex

Bone marrow and soft tissue oedema: poorly defined in-
creased SI in the medullary cavity adjacent to the tumour
or in the soft tissues adjacent to the bone on fluid-
sensitive sequences

Soft tissue mass: extension of tumour through the
destroyed cortex into the adjacent soft tissue to any de-
gree, differentiated from soft tissue oedema by its well-
defined peripheral margin and identical signal character-
istics to intra-osseous tumour

These definitions were as described by Douis et al. [14], the
presence of any of these features favouring a diagnosis of
HGCS or DD-CS. Based on the overall MRI features, each
case was classified as ACT/Gd1 CS, HGCS, or DD-CS.

Twelve patients (70.6%) underwent image-guided needle
biopsy with a total of 15 having a surgical procedure. Final
histological grade of CC-CS was therefore based on surgical
specimens in 15 cases (88.2%), open biopsy in 1 (5.6%), and
needle biopsy alone in 1 (5.6%). For clinical purposes, all
histological specimens were routinely reviewed in consensus
by 2 experienced bone tumour consultant histopathologists
following which all cases were classified as ACT/Gd1 CS,
HGCS (all cases with at least focal transition to grade 2 CS
but no dedifferentiation), and DD-CS. However, for the pur-
poses of this study, cases were re-reviewed by a senior con-
sultant histopathologist who had > 15 years’ experience of
bone tumour pathology. The MRI grading for each tumour
was then compared with the final histological grade.

Statistical methods

Descriptive statistics were used to assess all of the vari-
ables. In addition, sensitivity, specificity, and positive
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Table 1 Details of clinical presentation, radiographic findings, and treatment for 17 cases of paediatric chondrosarcoma
No.  Sex: age Bone Clinical presentation Radiographic findings Treatment
1 M: 6 Femur Progressive abnormal gait and Expansile mixed lytic-sclerotic lesion Curettage
muscle wasting noticed 18/12 with no matrix mineralisation. Deep
prior to diagnosis. Increased leg endosteal scalloping, but no cortical
pain especially at night for a 1/52 destruction. Size: 67 X 27 x 27 mm
2 F:9 Femur Pain for > 8/12, day and night. Lytic lesion with minor (< 1/3) chondral ~ Resection
Atraumatic, not related to activity matrix mineralisation. Shallow
endosteal scalloping with
circumferential solid periosteal
response. Size: 69 X 21 x 17 mm
3 F: 8 Tibia Referral case to pathology: no Poorly defined area of permeative bone ~ No follow-up available
clinical details destruction with no matrix
mineralisation. Possible minor
periosteal response. Size:
33x16x17 mm
4 F: 17 Ilium Incidental finding on a CT-KUB Irregular lytic lesion with thin sclerotic ~ Curettage
while being investigated for margin. No matrix mineralisation or
haematuria secondary to infec- cortical destruction. Size:
tion. Some tenderness on palpa- 58 x 32 mm (no lateral radiograph)
tion over SIJ
5 M: 9 Phalanx; 5/12 painless lump with no Lobular lytic lesion with endosteal Primary curettage
finger restriction of finger movement scalloping and cortical destruction.
No matrix mineralisation. Soft tissue
mass. Size: 23 x 15x 8 mm
6 M: 18 Femur 2-3/12 history of right groin pain No pre-operative radiograph available Curettage initially.
during sporting activity Converted to THR
7 F: 18 Ulna Falls x 2 leading to pathological Lobular expansile lytic lesion with deep ~ Curettage
fracture first noted on radiograph. endosteal scalloping and minor
No previous symptoms chondral matrix mineralisation
(< 1/3). Minimally displaced
pathological fracture. Size:
18 x 18 x 17 mm
8 F: 18 Humerus Localised pain in proximal humerus  Irregular lytic lesion with thick sclerotic ~ Curettage
for 3/12 on activity. Subsequently margin. No matrix mineralisation or
felt a small lump cortical destruction. Size:
19 x 12 mm (not seen on lateral
radiograph)
9 F: 12 Femur Referral case to pathology: no Poorly defined area of permeative bone ~ Open biopsy for
clinical details destruction with no matrix diagnosis. No
mineralisation. Laminated periosteal follow-up details
response. Size: cannot assess
10 F: 15 Metacarpal Fracture that healed but went on to Markedly expansile lesion with Curettage
form a painful lump/swelling endosteal scalloping but no cortical
destruction. Minor chondral matrix
mineralisation (< 1/3). Size:
20%x 16 x 16 mm
11 F: 16 Phalanx; toe Progressively worsening pain for Well-defined expansile lytic lesion with ~ Curettage
2 years, eventually permanent a thin sclerotic margin. No matrix
day and night pain followed by mineralisation or cortical destruction.
recurrent swelling after minor Solid periosteal response possibly
trauma related to healed fracture. Size:
14 x10x9 mm
12 F: 18 Scapula; 3/12 pain in the left shoulder not Well-defined expansile lytic lesion with ~ Curettage
acromion related to trauma. Reduced a partial sclerotic margin. No matrix
function and restricted movement. mineralisation or cortical destruction.
Very tender to palpation Size: 31 30 x 19 mm
13 M: 15 Humerus 8-9/12 of atraumatic pain to lateral Poorly defined lytic lesion with no Curettage
aspect of the shoulder first noticed matrix mineralisation, cortical
during sports. No restriction in destruction, or periosteal response
movement Size: 20 x 15 % 13 mm
14 M: 15 Humerus 9/12 elbow pain at rest. Reduced No pre-operative radiograph available Curettage

flexion. Temporary excruciating
pain with mild trauma
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Table 1 (continued)

No.  Sex: age Bone Clinical presentation Radiographic findings Treatment
15 M: 14 Femur PMH: hip dysplasia with Stickler Lobular lytic lesion with thin sclerotic Curettage only. Clinical
disease and retinal detachment. margin. No matrix mineralisation or and imaging
Lesion noted on imaging while cortical destruction. Size: follow-up showed no
being treated for recurrent hip 36 x 28 mm (no lateral radiograph) local recurrence at
dislocations. Asymptomatic 11 years
16 M: 17 Metacarpal 10/12 of atraumatic painless Mildly expansile lesion with endosteal Curettage
swelling with intact function. scalloping but no cortical
PMH: benign brain tumour and destruction. Minor chondral matrix
epilepsy mineralisation (< 1/3). Size:
25x16 % 14 mm
17 F: 12 Femur Increasing pain in the proximal thigh ~ Poorly defined area of permeative bone ~ Curettage

destruction with minor matrix
mineralisation (< 1/3). Solid
circumferential periosteal response.
Size: cannot assess

predictive value (PPV) were assessed for each MRI fea-
ture for the diagnosis of HGCS or DD-CS according to
the following definitions:

True positive (TP): when the MRI feature resulted in diag-
nosis of a HGCS/DD-CS and the final histology was of
HGCS/DD-CS

True negative (TN): when the MRI feature resulted in di-
agnosis of an ACT/Gd1 CS and the final histology was of
ACT/Gd1 CS

False positive (FP): when the MRI feature resulted in diag-
nosis of a HGCS/DD-CS and the final histology was of ACT/
Gdl CS

False negative (FN): when the MRI feature resulted in di-
agnosis of an ACT/Gd1 CS and the final histology was of
HGCS/DD-CS

Results

Of the 17 patients, 7 were males and 10 females with mean
age of 13.9 years (range 618 years). No patients had a diag-
nosis of enchondromatosis. The details of tumour location,
clinical and radiographic features, and treatment are presented
in Table 1. Tumours were located in the femur in 6 cases; the
humerus in 3 cases; the tibia, ilium, scapula, and ulna in 1 case
each; and the small bones of the hands or feet in 4 cases. Mean
maximal tumour length overall was 35.8 mm (range 10—
68 mm). Mean maximal tumour length for ACT/HGCS was
35.3 mm (range 10-68 mm), while mean maximal tumour
length for HGCS was 39 mm (range 29—49 mm). Based on
MRI, both readers diagnosed 11 cases (64.7%) of ACT/Gd1
CS (Fig. 1) and 6 cases (35.3%) of HGCS (Figs. 2, 3, 4, and

Fig. 1T An 18-year-old girl who presented with painful swelling of the
ulnar head (case 7). a DP radiograph demonstrates a lobular, mildly
expansile lytic lesion (arrow) with a non-displaced pathological fracture
(arrowhead). b Coronal TIW TSE and ¢ axial SPAIR MR images show
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features consistent with a chondral tumour (arrows) which is resulting in
mild bone expansion. Both readers diagnosed an ACT. Histological di-
agnosis from needle biopsy was ACT. The patient was treated
conservatively



Skeletal Radiol (2021) 50:711-721

715

Fig. 2 A 12-year-old girl who presented with a painful right thigh (case
17). a AP radiograph demonstrates a poorly defined lytic lesion (arrow) in
the proximal femur. b Coronal TIW TSE MR image shows an interme-
diate SI lesion (arrow) resulting in minimal endosteal scalloping. ¢ Axial

5), with agreement between the 2 readers in 13 cases (76.5%).
Final histological grade of CS was ACT/Gd1 CS in 15 cases

Fig.3 An 8-year-old girl who presented with a painful right shin (case 3).
a Coronal T1W TSE MR image shows an intermediate SI lesion (arrow)
with no endosteal scalloping. b Coronal STIR MR image shows promi-
nent bone marrow oedema (arrows) and minor periostitis (arrowhead).
Both readers diagnosed HGCS, but histological diagnosis from needle
biopsy was ACT

SPAIR MR image shows circumferential periostitis (arrows) and minor
soft tissue oedema (arrowhead). Both readers diagnosed a HGCS, but
histological diagnosis from curettage was ACT

(88.2%) and HGCS in 2 (11.8%). The HGCSs were both
located in the femoral neck with surgical curettage specimens
revealing grade 1 CS with focal transition to grade 2, high-
grade tumour amounting to < 10% of the total tumour volume
(Figs. 6 and 7). There were no cases of pure grade 2 CS, grade
3 CS, or DD-CS.

Match between predicted MRI grade for both readers and
final histological grade occurred in 8 cases (47%), a mismatch
between MRI grade and histology for both readers in 4 cases
(23.5%) and a mismatch between MRI and histological grade
for 1 of the readers in 4 cases (23.5%) (Table 2). In 7 of the 8
cases (87.5%) of mismatch, MRI diagnosis was of HGCS
while in only a single case did both readers diagnose an
ACT/Gd1 CS while the histology was of a HGCS. Seven of
the 8 cases (87.5%) of MR-histology mismatch involved the
major long bones, while 1 case (12.5%) involved the ilium.
Using the definitions for TP, TN, FP, and FN, the sensitivity,
specificity, and PPV for each of the assessed MRI signs for
making a diagnosis of HGCS/DD-CS are presented in
Table 3.

Discussion

Paediatric CS is rare, a recent review of CS in children and
adolescents identifying that between 4 and 7% of patients with
CS are under 21 years of age, but it was unclear what propor-
tion of these were central in location [19].
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Fig. 4 A 17-year-old girl being
investigated for haematuria (case
4). CT-KUB showed a lesion in
the let ilium. a Coronal TIW TSE
and b axial PDW FSE MR im-
ages show an intermediate SI le-
sion (arrows) resulting in mild
bone expansion and also a prom-
inent extra-osseous mass (arrow-
heads—b). Diagnosed as Gd 1
CS by reader 1 and HGCS by
reader 2, but histological diagno-
sis from curettage was Gd 1 CS

Several studies have reported specifically on CS in chil-
dren. Wu et al. [5] reviewed the National Cancer Institute’s
Surveillance, Epidemiology and End Results (SEER) data-
bases between 1973 and 2014, reporting on 247 cases of pae-
diatric CS with the aim of trying to establish the effect of
demographics and tumour characteristics on survival com-
pared with adults. The limbs were involved in 120 cases, but
it was not possible to determine what proportion was centrally
located. Regarding histological sub-type, 151 were classified
as CS not otherwise specified and these presumably represent-
ed CC-CS. Histological grade was only mentioned in 181
cases, 135 (74.6%) of tumours being low-grade and only 2
DD-CS. There was no reference to the imaging appearances of
the tumours and therefore no information on how imaging
features relate to histological grade or aid surgical decision-
making. In 1987, Huvos et al. [6] published a series of 79
patients aged <21 years presenting from 1928 to 1982 with
CS, 77 of which arose in the skeleton (50 central CS). Just
over half arose in the appendicular skeleton with the femur
and humerus being the commonest sites. Regarding patholo-
gy, 55 were CC-CS, 41.8% grade 1, 18.2% grade 2, and
21.8% grade 3. The proportion of high-grade tumours varies
very significantly from the current study, presumably due to a
delayed presentation in this historic series. Young et al. [20]
reported on 47 patients with CS under the age of 17 years, but
it is unclear how many of these were central in location.
Regarding histological grade, 83% were grade 1, 14.9% grade
2, and 2.1% grade 3, which is much closer to the findings in
the current 17 cases. More recently, Gambarotti et al. reported
on 17 paediatric patients with CS, 10 of which were centrally
located (femur 3, tibia 3, humerus 2, ilium 1, and metacarpal
1): 5 were low-grade and 5 high-grade. Only a single MRI
study was illustrated, showing a large humeral diaphyseal le-
sion causing marked bone expansion due to grade 2 CS [7].
Finally, Puri et al. [8] reported a series of 11 patients under the
age of 21 years, 10 of which were CC-CS. The pelvis (n =4),
humerus (n = 3), and scapula, femur, and clavicle (n = 1 each)
were involved, 2 cases being grade 1 CS and 8 cases grade 2

@ Springer

CS. Six of the tumours were described as secondary and 4 as
primary, but it was not possible to determine which were
centrally located and there were no details of imaging find-
ings. Therefore, based on the above review, it is very unclear
as to what proportion of conventional paediatric CS are central
in location or what their histological grade is, and there is
essentially no information on the MRI appearances of paedi-
atric CS. A single detailed case report has described the de-
velopment of a central low-grade CS from a presumed
enchondroma after 2.75 years, the patient presenting with a
pathological fracture but otherwise no aggressive features on
MRI [4]. However, Bierry et al. did provide a detailed report
on the imaging features of enchondromas in children [21].
Twelve enchondromas were described in 11 children with
median age 14 years. Seven involved the phalanges or meta-
carpals, 4 the femur, and 1 the tibia. The mean lesion size was
28 mm and matrix mineralisation was noted in only 20% on
CT. Bone expansion and endosteal scalloping were present in
75% of cases, while MRI in a lesion involving the femur
demonstrated bone oedema and active periostitis. They con-
cluded that enchondromas in children were frequently expan-
sive with rare matrix mineralisation, potentially appearing
more aggressive than enchondromas in adults [21].

The current study is the only detailed report of the MRI
features in a relatively large group of paediatric patients with
CC-CS. The MRI appearances were assessed according to the
findings of Douis et al. [14] from a large group of adult pa-
tients (179 with mean age 51 years) with CC-CS of the major
long bones. In that study, the authors described several fea-
tures which were highly accurate for differentiating between
low-grade and high-grade CC-CS. Features significantly as-
sociated with high-grade tumours included cortical thickening
(p<0.001), cortical destruction (p <0.001; odds ratio 32.2),
bone expansion (p < 0.001; odds ratio 12.9), active periostitis
(p<0.001; odds ratio 100.3), reactive bone marrow oedema
(»<0.001; odds ratio 4.5), reactive soft tissue oedema
(»<0.001; odds ratio 41), and soft tissue mass (» <0.001;
odds ratio 41). Multivariate analysis showed 4 features to be
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Fig.5 A 6-year-old boy with a left femoral tumour diagnosed as HGCS
by both readers (case 1). a Lateral radiograph demonstrates deep endos-
teal scalloping and bone expansion (arrow). b Sagittal TIW TSE and ¢
axial STIR MR images demonstrate a large lobular lesion (arrow—b)
resulting in deep endosteal scalloping and a minor active periosteal re-
sponse (arrows—c). Surgical histology confirmed an ACT. d

highly suggestive of high-grade CS: bone expansion (p =
0.001; odds ratio 8.8), active periostitis (p = 0.001; odds ratio
52.8), soft tissue mass (p < 0.001; odds ratio 21.1), and intra-
osseous tumour length (p <0.001; odds ratio 1.4) [14].
However, when these MRI features were applied to the 17
paediatric cases in the current study, there was a discrepancy
in the MRI and histological grading of the tumours in 47% of
cases for at least one reader and in 23.5% for both readers.
Seven of § cases of mismatch were graded as HGCS, while
histology revealed ACT/Gd1 CS, and in 1 case both readers

Microphotograph showing host bone permeation, which is an unequivo-
cal sign of malignancy allowing differentiation from enchondroma
(H&E; x10). e Microphotograph showing stellate-shaped,
hyperchromatic, and enlarged nuclei set in a myxo-hyaline matrix
(H&E; x 20). Histology confirmed an ACT

diagnosed ACT/Gd1 CS on MRI, but histology following
curettage revealed grade 1 CS with focal transition to grade
2. However, due to the microscopic nature of the high-grade
component (< 10%), it is not surprising that the lesion was
diagnosed as ACT/Gd1 CS on MRI. These findings indicate
that the criteria for grading CC-CS established by Douis et al.
[14] cannot be reliably applied to paediatric CC-CS: features
such as cortical thickening, cortical destruction, bone expan-
sion, active periostitis, bone and soft tissue oedema, and soft
tissue mass, which were all highly significant for predicting

@ Springer



718

Skeletal Radiol (2021) 50:711-721

Fig. 6 A 14-year-old boy who presented with a painful left hip (case 15).
a AP radiograph demonstrates a well-defined lytic lesion (arrow) with a
sclerotic margin in the femoral neck. b Coronal TIW TSE MR image
shows an intermediate SI lesion (arrow). ¢ Axial SPAIR MR image shows
a small extra-osseous extension (arrow) and minor bone oedema (arrow-
head). Both readers diagnosed an ACT. d Microphotograph showing
increased cellularity with mild cytological atypia and myxo-hyaline

HGCS in adults, had very variable sensitivity, specificity, and
PPV in children (Table 3). The most concerning MRI feature
to suggest HGCS in adults is active periostitis [14], while in
the current study, this finding had sensitivity and PPV of 0%

Fig. 7 An 18-year-old boy who
presented with a painful right hip
(case 6). a Coronal TIW TSE MR
image shows an intermediate SI
lesion in the femoral neck (arrow)
which has just extended into the
soft tissues (arrowhead). b Axial
SPAIR MR image shows the le-
sion extending through the cortex
(arrow) with mild adjacent soft
tissue oedema (arrowheads). Both
readers diagnosed a HGCS and
surgical histology confirmed
grade 1 CS with focal transition to
grade 2
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nature of the matrix (H&E, x 4). e Microphotograph showing increased
cellularity and cytological atypia. The neoplastic chondrocytes are spin-
dle or stellate-shaped and are embedded within a myxoid matrix. The
cytological atypia and the cellularity are higher when compared with
those in Fig. 5d—e consistent with transition to chondrosarcoma grade 2
(H&E; % 10). Final surgical diagnosis from curettage was grade 1 CS with
focal transition to grade 2

and specificity of only 60%. This is presumed to be due to the
fact that the periosteum in children is more active and less
adherent to the cortex than in adults, resulting in earlier and
more aggressive periosteal reaction [22]. Therefore, it would
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Table 2 Details of MRI findings
compared with histopathology in No. Tumour  MRI findings MRI MRI Histopathology =~ Match or
17 cases of paediatric length diagnosis:  diagnosis:  diagnosis mismatch
chondrosarcoma (mm) reader 1 reader 2
1 68 Cortical thickening, bone HGCS HGCS ACT Mismatch
expansion, marrow (both)
oedema, periostitis
2 64 Cortical thickening, bone HGCS ACT ACT Mismatch
expansion, marrow (1)
oedema, periostitis
3 34 Cortical thickening, bone HGCS HGCS ACT Mismatch
expansion, marrow (both)
oedema, periostitis
4 60 Bone expansion, soft tissue Gd1CS HGCS Gd1cCS Mismatch
mass (1)
5 22 Cortical destruction, soft ACT ACT ACT Match
tissue mass
6 49 Cortical thickening, bone HGCS HGCS HGCS Match
expansion, marrow
oedema, soft tissue mass
7 15 Bone expansion, marrow ACT ACT ACT Match
oedema
8 20 Soft tissue mass ACT HGCT ACT Mismatch
1
9 53 Cortical thickening, bone HGCS ACT ACT Mismatch
expansion, marrow (1)
oedema, periostitis
10 15 Bone expansion ACT ACT ACT Match
11 11 Bone expansion, marrow ACT ACT ACT Match
oedema, periostitis, soft
tissue oedema
12 25 Bone expansion, marrow Gd1CS Gd1CS Gd1CS Match
oedema
13 18 Bone expansion ACT ACT ACT Match
14 10 Marrow oedema ACT ACT ACT Match
15 29 Bone expansion, marrow ACT ACT HGCS Mismatch
oedema, soft tissue mass (both)
16 52 Bone expansion ACT ACT ACT Match
17 63 Cortical thickening, bone HGCS HGCS ACT Mismatch
expansion, marrow (both)
oedema, soft tissue
oedema, periostitis
appear that low-grade paediatric CC-CS has more ‘aggres-
sive’ MRI features compared with final histology and this
Table 3 Showing the sensitivity, specificity, and PPV for the assessed should be taken into account when planning surgery.

MRI variables for making a diagnosis of HGCS/DD-CS

MRI variable Sensitivity ~ Specificity PPV
Cortical thickening 0/2 (0%) 10/15 (66.7%)  0/5 (0%)
Cortical destruction 1/4 (25%) 11/12 91.7%)  1/2 (50%)
Bone expansion 2/2 (100%)  3/15 (20%) 2/14 (14.3%)
Active periostitis 0/2 (0%) 9/15 (60%) 0/6 (0%)
Bone marrow oedema  2/2 (100%)  6/15 (40%) 2/11 (18.2%)
Soft tissue oedema 0/5 (0%) 10/12 (83.3%)  0/2 (0%)
Soft tissue mass 1/5 (20%) 9/12 (75%) 1/4 (25%)

Seven of § cases of mismatch occurred in the major long
bones (femur 5, tibia 1, and humerus 1), which is a particular
problem with regard to surgical management, since low-grade
CS can be safely treated with intra-lesional curettage whereas
high-grade CS requires wide resection and reconstruction.
The latter can be particularly challenging in the paediatric
age group where there is still significant growth potential for
the affected limb. Therefore, a very careful discussion needs to
take place at the MDT when the initial management plan is
decided incorporating both biopsy data as well as MRI find-
ings. If a higher grade is assigned, then there will be a
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tendency to over treat and when long bones are involved, this
will lead to resection of the affected segment of the bone (with
or without sacrifice of the adjacent joint) and subsequent re-
construction with either biological options (allograft/auto-
graft), EPR, or even ablative options in extreme cases. These
procedures tend to be complex, with associated morbidity
from growth disturbance and future surgical procedures,
which are frequent if an endoprosthesis has been used. The
findings of the current study are therefore crucial as they high-
light that, particularly in the paediatric population, extreme
caution is necessary when assigning a grade to central carti-
laginous lesions at diagnosis and care needs to be taken when
interpreting MRI findings.

The current study has several limitations. Its retrospective
nature resulted in exclusion of some cases due to insufficient
clinical or imaging data. Of the 17 cases reported, histological
diagnosis was made purely on needle biopsy in 1, which is
problematic since under-grading of CS based on needle biopsy
compared with surgical histology is reported in approximately
20% of appendicular tumours [12]. This also becomes a major
consideration when planning surgery for major long bone CS. In
none of the cases was intravenous contrast material utilized.
However, the role of contrast enhancement in the grading of
chondral tumours is unclear. Choi et al. [23] and De Coninck
et al. [24] suggested that conventional and/or dynamic contrast-
enhanced MRI could aid the differentiation between
enchondroma and grade 1 CS, while a more recent study by
Douis et al. [25] found that administration of contrast material
was of no additional value. The role of contrast in differentiating
ACT/Gd 1CS from HGCS has received little attention.
Yoshimura et al. reported that a ‘ring-and-arc’ pattern of en-
hancement had 100% specificity for ACT/Gd1 CS, but enhance-
ment patterns for HGCS were not described [15]. Another limi-
tation is that this group included no cases of pure grade 2 or 3
HGCS or DD-CS. However, this is in keeping with previous
literature that has shown that the vast majority of paediatric CS
cases are low-grade [5-8].

In conclusion, the current study describes the MRI features of
17 cases of paediatric CC-CS with histological correlation.
HGCS is rare in children, and individual MRI features such as
bone expansion, bone oedema, periostitis, and soft tissue oedema
are not helpful in differentiating ACT/Gd 1CS from HGCS in the
paediatric population. When applying MRI criteria used to dif-
ferentiate low-grade CC-CS from high-grade CC-CS in adults,
MRI over-graded 7 of 17 lesions. These findings must be con-
sidered when planning surgical management of paediatric CC-
CS, particularly in the major long bones where the discrepancy
between MRI and histology is most common.
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