
MRI appearances of atypical cartilaginous tumour/grade I
chondrosarcoma after treatment by curettage, phenolisation and
allografting
Verdegaal, S.H.M.; Rijswijk, C.S. van; Brouwers, H.F.C.; Dijkstra, P.D.S.; Sand, M.A.J. van de;
Hogendoorn, P.C.W.; Taminiau, A.H.M.

Citation
Verdegaal, S. H. M., Rijswijk, C. S. van, Brouwers, H. F. C., Dijkstra, P. D. S., Sand, M. A. J.
van de, Hogendoorn, P. C. W., & Taminiau, A. H. M. (2016). MRI appearances of atypical
cartilaginous tumour/grade I chondrosarcoma after treatment by curettage, phenolisation and
allografting. Bone And Joint Journal, 98B(12), 1674-1681. Retrieved from
https://hdl.handle.net/1887/112379
 
Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/112379
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/112379


1674 THE BONE & JOINT JOURNAL

 ONCOLOGY

MRI appearances of atypical cartilaginous 
tumour/grade I chondrosarcoma after 
treatment by curettage, phenolisation and 
allografting
RECOMMENDATIONS FOR FOLLOW-UP

S. H. M. Verdegaal,
C. S. van Rijswijk,
H. F. C. Brouwers,
P. D. S. Dijkstra,
M. A. J. van de Sande,
P. C. W. Hogendoorn,
A. H. M. Taminiau

From Leiden 
University Medical 
Center, Leiden, The 
Netherlands

 S. H. M. Verdegaal, MD, PhD, 
Orthopaedic Surgeon
Alrijne Hospital, Simon 
Smitweg 1 2353 GA, 
Leiderdorp, The Netherlands.

 C. S. van Rijswijk, MD, PhD, 
Radiologist
 P. D. S. Dijkstra, MD, PhD, 
Orthopaedic Surgeon
 M. A. J. van de Sande, MD, 
PhD, Orthopaedic Surgeon
 P. C. W. Hogendoorn, MD, 
PhD, Professor of Pathology, 
Department of Pathology
 A. H. M. Taminiau, MD, PhD, 
Professor of Orthopaedic 
Surgery
Leiden University Medical 
Center, P.O. Box 9600, L-1-Q, 
Albinusdreef 2, 2300 RC Leiden, 
2300 RC, The Netherlands.

 H. F. C. Brouwers, MD, 
Resident in Orthopaedic 
Surgery
University Medical Center 
Groningen, Hanzeplein 1 9713 
GZ, Groningen, The 
Netherlands.

Correspondence should be sent 
to S. H. M. Verdegaal; e-mail: 
shmverdegaal@alrigne.nl

©2016 The British Editorial 
Society of Bone & Joint 
Surgery
doi:10.1302/0301-620X.98B12. 
36970 $2.00

Bone Joint J 
2016;98-B:1674–81. 
Received 28 July 2015; 
Accepted after revision 19 July 
2016

Aims
The purpose of this retrospective study was to differentiate between the MRI features of 
normal post-operative change and those of residual or recurrent disease after intralesional 
treatment of an atypical cartilage tumour (ACT)/grade I chondrosarcoma.

Patients and Methods
We reviewed the case notes, radiology and histology of 75 patients, who had been treated 
for an ACT/grade I chondrosarcoma by curettage, phenolisation and bone allografting 
between 1994 and 2005. The first post-operative Gd-enhanced MRI scan was carried out 
within one year of surgery. Patients had a minimum of two scans and a mean follow-up of 
72 months (13 to 169). Further surgery was undertaken in cases of suspected recurrence.

Results
In 14 patients (18.6%) a second procedure was undertaken after a mean period of 59 months 
(8 to 114). Radio frequency ablation (RFA) was used in lesions of < 10 mm and curettage, 
phenolisation and bone grafting for those ≥ 10 mm. Only six of these (8% of total) had a 
histologically-proven recurrence. No increase in tumour grade was seen at time of 
recurrence.

Conclusion
Based on this study, we have been able to classify the post-operative MRI appearances into 
four groups. These groups differ in follow-up, and have a different risk of recurrence of the 
lesion. Follow-up and treatment vary for the patients in each group. We present a flow 
diagram for the appropriate and safe follow-up for this specific group of patients.

Cite this article: Bone Joint J 2016;98-B:1674–81.

Primary central chondrosarcoma constitutes
approximately 20% of malignant bone
tumours, and is the third most common prim-
ary malignant bone tumour after myeloma and
osteosarcoma.1 The tumour can develop in any
bone formed by enchondral ossification: most
are incidental findings. The pelvis, femur and
humerus are most frequently affected, whereas
the small bones of the hands and feet are rarely
involved (1% of all chondrosarcomas).1-3

Patients with an atypical cartilaginous
tumour (ACT)/grade I central chondrosar-
coma of a long bone have traditionally been
treated by wide resection and reconstruction.
This type of surgery gives good local control of
the disease but often results in impaired limb
function due to the sacrifice of a significant seg-
ment of bone or joint. Currently, the preferred
treatment is intralesional curettage combined

with at least one adjuvant treatment (cryosurgery,
phenol or polymethylmethacrylate (PMMA)).
Allograft can be used in preference to PMMA.
Curettage is less invasive than wide resection
and this technique is associated with fewer
post-operative complications. It has a reported
local recurrence rate of 7.5%.4-6 The applica-
tion of phenol after curettage has been shown
to be beneficial in achieving tumour control in
vitro as well as in vivo.7,8

The sensitivity of static contrast-enhanced
MRI in diagnosis is well established.9 How-
ever, the sensitivity for grading is better with
dynamic contrast-enhanced imaging. This is
the currently recommended method of choice
and was used in this study.10-12 The principal
radiological challenge is to differentiate nor-
mal post-operative changes from those of local
recurrence in the area of the bone graft. How-
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ever, there is limited knowledge of the post-operative find-
ings in patients who have undergone intralesional curettage
of an ACT/grade I chondrosarcoma. The published data are
hard to interpret because of small patient series and differ-
ent case mixes, specifically differences in location, tumour
grade and the type of adjuvant used. In addition, the opti-
mal frequency and timing of imaging after surgery are as
yet unknown.

The purpose of this retrospective study was to differen-
tiate between the MRI features of normal post-operative
change and those of residual or recurrent disease after
intralesional treatment of an ACT/ grade I chondrosar-
coma. From this we were able to formulate a flowchart
which gives the different treatment options for a suspicious
lesion identified on MRI after primary treatment for an
ACT/grade I chondrosarcoma.

Materials and Methods
Study population. Between 1994 and 2005, 75 consecu-
tive patients with a histologically-proven ACT/grade I
central chondrosarcoma of long bone were treated at the
Leiden University Medical Center.6 Their diagnosis was
established by biopsy (34 one-stage (45%), 41 two-stage

(55%)). The histological criteria were those of the 2013
World Health Oganisation classification: all histological
diagnoses were reviewed.1,13 The patient’s diagnostic
investigations were carried out in accordance with the
European Society for Medical Oncology guidelines.14

A gadolinium-enhanced MRI scan was undertaken pre-
operatively.

All patients underwent intralesional curettage followed
by the application of phenol 85%/ethanol 96% to destroy
any tumour cells which remained. Subsequently, the cavity
left in the bone was filled with bone chips obtained from
donor femoral heads (Dutch Bone Bank Foundation, Lei-
den, The Netherlands). The study population consisted of
27 men and 48 women with a mean age at surgery of 47.1
years (15 to 70). The lesions were located in the femur (37,
49%), humerus (24, 32%), tibia (six, 8%), fibula (five,
7%), ulna (two, 3%) and radius (one, 1%). All patients
underwent conventional radiography (Table I) and at least
two post-operative MRI scans. Independent observers
(SHMV, CSvR) retrospectively reviewed all plain
radiographs and MRI studies. In case of discrepancy,
the two observers discussed the images and reached a
consensus view.

Table I. Overview of imaging follow-up protocol

Time, post-operative Patient history and physical examination Conventional radiography MR imaging

Before discharge + 
6 wks + 
12 wks + 
6 to 12 mths* + 
2 yrs† + + 

* introduced since 2003 as baseline MRI
† after 2 years, follow-up continues annually or every two years

Table II. Patient characteristics

Patient
Gender and age 
at first surgery Group Location of the ACT

Volume of 
primary 

tumour (cm3)

Mths till sec-
ond inter-
vention

Type of 
intervention Histology

Recurrence 
after second 
surgery

Disease-free period 
after second 
intervention (mths)

1 F, 28 yrs II Femur, diafysis 28 40 Curettage Negative No 190
2 F, 61 yrs II Femur, distal 1 1.9 114 TKA NC No 30
3 F, 38 yrs III Humerus, proximal 23.5 79 Curettage Positive No 211
4 M, 51 yrs III Femur, distal 36.2 90 RFA NBT No 65
5 F, 53 yrs III Humerus, proximal 5.7 8 Curettage Negative No 258
6 F, 16 yrs III Femur, proximal 45.7 25 Curettage Positive No 150
7 F, 41 yrs III Humerus, proximal 5 107 RFA NBT No 45
8 F, 64 yrs III Humerus, proximal 5.7 64 RFA Negative No Unknown
9 M, 49 yrs III Humerus, proximal 16 32 Curettage Negative No 255
10 F, 39 yrs III Femur 48 20 RFA Positive No 182
11 F, 33 yrs IV Humerus, proximal 8.1 75 Curettage Positive Yes *
12 F, 53 yrs IV Humerus, proximal 48.1 68 RFA Negative No 215
13 F, 53 yrs IV Humerus, proximal 52 34 Curettage Positive Yes †
14 F, 56 yrs IV Tibia, proximal Unknown 69 Curettage Positive No 116

* new small lesion on Gd-MRI two years after curettage. New RFA performed 3.5 years later 
† one year and three years after RFA new lesions, re-curettage and RFA. Histology suspected for new ACT 
ACT, atypical cartilage tumour; TKA, total knee arthroplasty; RFA, radiofrequency ablation; NC, non-conclusive; NBT, no biopsy taken
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A second procedure was carried out when local recurrence
was suspected on MRI during follow-up. Local recurrence
was treated by radiofrequency ablation (RFA) if the lesion
was over 10 mm in diameter or by further intralesional curet-
tage, phenol and bone grafting if it was 10 mm or less.
Radiology. Plain radiographs were obtained in two planes.
The images were reviewed to evaluate the degree of consol-
idation of the bone window, the extent of incorporation of
the bone graft and to assess any signs suggestive of local
recurrence or residual disease (e.g. increasing focal radiolu-
cent areas or mineralisation of the chondroid matrix).

The MRI studies consisted of standard T1- and T2-
weighted fat-suppressed images, dynamic contrast-
enhanced images and static late contrast-enhanced T1-
weighted images with fat suppression. All were acquired on
a Philips 0.5T (T5-II; Philips Medical Systems, Best, The
Netherlands) or a 1.5T (NT; Philips Medical Systems) MR
system using a surface coil.

We assessed the appearance of any areas of enhancement
in the treated region within the medullary cavity and the
degree of consolidation of the bone window. We recorded
any change in enhancement, the extent of post-operative

oedema and the presence of any new lesion suggesting
recurrence of the chondrosarcoma.

Results
All patients had at least two post-operative MRIs (2 to 8).
The mean time to follow-up was 70 months (8 to 169). A
second procedure was undertaken in 14 patients in whom
there was radiological suspicion of residual or recurrent
tumour. Of these, eight underwent curettage and five RFA.
One patient underwent total knee arthroplasty (TKA) ten
years after curettage of an ACT of the distal femur. During
surgery, a biopsy was taken but histology of the tissue
obtained was inconclusive (Table II, patient 2).

Histological examination was performed on the fine
needle biopsy material taken during the RFA session or on
tissue obtained by curettage. Unfortunately, no histological
biopsy was carried out during RFA in two cases (Table II,
patients 4 and 7). Histological examination confirmed
recurrence in six cases and was negative in five.
Radiography. Complete consolidation of the bone window
was seen in all patients. Two patients suffered a fracture of
the femur through the bone window within six weeks of

Fig. 1d

Post-operative plain radiographs showing a) lobulated lesion in the proximal humerus metaphysis of the left
arm. The lesion is predominantly lytic with some chondroid mineralisation in the distal part. The cortex seems
intact. Histological examination after curettage showed ACT/grade I chondrosarcoma. b) Two months after
curettage showing the bone graft. No post-operative complications; c) six months after curettage shows early
incorporation of the bone graft; d) 24 months after curettage shows further incorporation of the bone graft.

Fig. 1a Fig. 1b

Fig. 1c
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curettage. Gradual incorporation of the bone graft was seen
in two to five years in all patients (Fig. 1). However, in some
patients, there were small radiolucent defects in the
bone graft which remainedvisible on serial follow-up
radiographs, without increasing in size. No patients
showed any sign of local recurrence on plain radiographs.
MR imaging. The recognition of a number of characteristics
on the post-operative images which were false positive pre-
dictors of recurrence led us to formulate the four risk

groups as shown in Table III. We identified four different
imaging patterns: 

I. A small enhancing rim of granulation tissue around the
area of the bone graft. This area becomes smaller with time
and the surrounding bone marrow oedema recedes. No
residual or recurrent enhancing nodules suspicious of ACT/
chondrosarcoma grade I (Fig. 2).

II. Nodules in or around the bone graft. The granulation
zone is not well-defined. The nodules diminish in size on
follow-up MRIs.

III. Nodules are seen in or around the bone graft. They are
stable or increase in size during follow-up MRIs (Fig. 3).

IV. A small enhancing rim of granulation tissue around
the area of the bone graft is seen on the first post-operative
MRI consistent with the normal appearance of the bone
graft. New enhancing nodules develop in the treated region,
which are suspicious for local recurrence during follow-up
MRI (Fig. 4).

Combining these factors resulted in the proposed flow-
chart for follow-up and treatment Figure 5. Soft-tissue
oedema around the bone window was frequently seen on

Fig. 2a

Fig. 2c

Fig. 2b

Group I lesion: residual nodules, which diminish in time in a 46-year-old
woman with an ACT/grade I central chondrosarcoma of the left proxi-
mal humerus; a) coronal T1-weighted MR imaging after gadolinium
enhancement and fat suppression at diagnosis; ring-and-arc enhance-
ment of a cartilage tumour; b) six months after curettage, the bone graft
is surrounded by an enhancing zone of granulation tissue with some
soft-tissue oedema at the bone window. Areas of hyperintensity persist.
c) Incorporation of the bone graft, decreasing in size. No separate carti-
laginous nodules suspicious of local recurrence. Areas still enhance
with gadolinium, but decrease in size

Table III. MR imaging patterns

Group Patterns

Group I Normal appearance of the bone graft without suspicion of residual or recurrent tumour on all post-operative MRIs.
Group II Nodules within the granulation zone on post-operative MRI, diminishing in size during follow-up.
Group III Nodules within the granulation zone on post-operative MRI, stable or increasing in size during follow-up.
Group IV Initially normal appearance of the bone graft on post-operative MRI. Development of a new enhancing lesion suspicious of local 

recurrence during follow-up.

Fig. 3a Fig. 3b

MR imaging pattern of group III in a 15-year-old girl with an ACT/grade
I chondrosarcoma of the proximal femur. Sagittal T1-weighted MR
images after intravenous contrast administration and fat-suppression;
a) first MRI carried out seven months after curettage. The marrow cav-
ity in the proximal femur shows marked and inhomogeneous enhance-
ment, which could represent extensive granulation tissue, however
small residual nodules cannot be excluded. b) Six months after previ-
ous MR examination demonstrates a well-circumscribed lesion with a
typical ring enhancement pattern consistent with a recurrence. The
enhancing granulation zone/tissue is markedly reduced. Repeated
curettage was undertaken: histological examination showed ACT/
chondrosarcoma grade I.
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the first post-operative MRI, which lessened in time on
follow-up MRI (Fig. 6). Overall, 40 patients (54%) had a
pattern of imaging consistent with normal post-operative
appearances (group I) (Fig. 2). There were 18 patients
(24%) classified as group II. In this group one patient was
treated by further curettage: histots (17%) with a pattern of
imaging consistent with group III (Fig. 3) and four patients
(5%) consistent with group IV (Fig. 4).

Discussion
It is important that patients who undergo intralesional
surgery for an ACT/grade I central chondrosarcoma are
reviewed because there is a risk that the lesion will develop
into a grade II or III chondrosarcoma, and a small risk of
dedifferentiation.

We identified four groups of imaging features and
designed a flowchart (Fig. 5) which gives recommendations
for follow-up imaging.

As our first patients were treated in 1994, the threshold
for a second procedure was low because knowledge of the
frequency of recurrence and clinical behaviour was limited.
With our current knowledge, we would not have treated
‘patient 1’ in imaging pattern group II (Table III). MRI
showed an ill-defined granulation zone which contained
some nodules. These decreased slightly in size on a follow-
up MRI but, because we suspected residual local disease,
the patient underwent repeated curettage despite there
being no sign of malignancy on histological examination.

Post-operative radiographs have proved to be of impor-
tance in the detection of early complications linked to the
surgery, such as fissures, fractures or large residual areas of
calcification. However, in this study, plain radiographs
failed to detect any of the local recurrences.

There were 13 (17%) planned re-interventions. One
patient had a second biopsy during a TKA (Table II, patient
2). However, histological confirmation of residual or recur-

Fig. 4c Fig. 4d

MR imaging pattern of group IV with a local recurrence 61 months after initial surgery in a 39-year-old
woman with ACT/grade I chondrosarcoma in the right proximal humerus. Oblique T1-weighted MR
images after intravenous contrast administration with fat-suppression; a) pre-operative MRI demon-
strates the typical enhancement pattern consistent with a cartilage tumour; b) post-operative MRI, 12
months after treatment demonstrates irregular enhancement of the marrow cavity; c) post-operative MRI,
three years after treatment demonstrates further resorption or incorporation of the bone graft mimicking
small cartilage nodules; d) post-operative MR image, five years after treatment demonstrates a well-
circumscribed lesion with a typical ring enhancement pattern consistent with a local recurrence. Histo-
logical examination confirmed ACT/grade I chondrosarcoma.

Fig. 4bFig. 4a
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rent tumour was made in only six patients (8%), three in
group III patients and three in group IV. Unfortunately, in
two patients in the RFA group, no biopsy was taken. No
upgrading or dedifferentiation of the cartilaginous tumour
was seen on recurrence. In five patients, there was no sign
of tumour recurrence or the volume of tissue acquired was
too small to make a definite diagnosis. In recent years,
improvements in the design of biopsy needles, sampling
technique and the expertise of radiologists have developed
in concert with oncological and quality control guidelines:
these emphasise the need for adequate biopsy before percu-
taneous RFA is undertaken in the same session.14 

The surgical field was carefully examined on post-
operative MRI. In each patient, we noted that bone graft
had a signal intensity which was more or less comparable
with normal bone marrow and was surrounded by a zone
of variable thickness. This zone showed predominantly
high signal intensity on T2-weighted fat suppressed images
and enhanced on the late static contrast-enhanced MR
images. It consisted of granulation tissue as a fibrovascular
reaction of the host to the allograft bone chips in combina-
tion with the necrotising effect of the applied phenol. On
the first post-operative MRI (about six months after sur-
gery) it can, therefore, be difficult to recognise small resid-

Intralesional curettage, adjuvant* and
bone grafting for ACT/grade I central

chondrosarcoma of long bones

One year: 
baseline MRI

Suspicious 
lesions?**

No (= group I)***
Yes 

(= group II and III)***

Repeat MRI 
5 and 10 yrs
after surgery

Repeat MRI
in 2 yrs

Suspicious
lesions?

No 
(= group I)***

Yes 
(= group IV)***

Re-intervention
including

histological
confirmation

  Suspicious
  lesions

  diminished 
(= group II)***

Suspicious
lesions

do not reduce
in size

(= group III)***  
wait and see

Suspicious
lesions

increase in size
or have fast

enhancement
(= group III)***

No longer 
follow-up
necessary

Re-intervention 
including

histological
confirmation

Flowchart recommending a sequence of follow-up for patients after intralesional treatment for an atypical
cartilaginous tumour (ACT)/grade I chondrosarcoma of a long bone. 
*as adjuvant, Radio Frequency Ablation, phenol or cryosurgery can be used
**enhancement of nodules within the granulation zone
***Group I: Normal aspect of the bone graft without suspicion for residual or recurrent tumour on all post-operative
MR images. Group II: Nodules within the granulation zone on post-operative MR imaging, diminishing in size during
follow-up. Group III: Nodules within the granulation zone on post-operative MR imaging, stable or increasing in size
during follow-up or fast enhancement of the nodules. Group IV: Normal aspect of the bone graft on post-operative
MR images. Development of a new enhancing lesion suspicious for local recurrence during follow-up.

Fig. 5
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ual nodules of chondroid tumour because they have similar
imaging features to granulation tissue, however well
demarcated. If the enhancing nodules persist (MRI pattern
group III) or if new enhancing nodules develop (MRI
pattern group IV) then local recurrence of residual tumour

needs to be considered. Depending on the size, location and
patient-related factors like age, comorbidity and daily
activity a wait-and-see policy can be considered or further
treatment (RFA or intralesional curettage) may be under-
taken.

Moreover, the bone graft used for filling the defect in the
marrow cavity after curettage may contain cartilage chips
from any residual articular surface present within the bone
graft. This may lead to a false-positive interpretation of
residual foci of chondroid tissue: however, these will not
increase in size over time.

The dynamic contrast-enhanced MR images have the
potential to be very helpful in differentiating recurrent dis-
ease from granulation tissue on follow-up MRI. However,
in our patients, the diagnosis of recurrent disease was sug-
gested by the morphological criteria described in Table III.
In our patients, the dynamic contrast-enhanced sequence
was of poor quality or not performed in the correct area of
interest as MRIs carried out on the 0.5 T MR systems could
only include two slices through the area of interest.

Based on the recurrences we have seen and the MRI pat-
terns we have identified, we recommend managing these
patients as shown in Figure 5. We are convinced that curet-
tage combined with an adjuvant and bone grafting is a safe
and a well-received procedure for patients with a central
ACT/chondrosarcoma grade I. When follow-up is carried
out according to the proposed schedule, any local recur-
rence can be detected accurately and in a safe interval.

Take home message: 
In the post-operative follow-up for patients treated for an ACT/

grade I chondrosarcoma of long bones by curettage and adju-

vant, Gd-MRI is the benchmark.

Author contribtions:
S. H. M. Verdegaal: Design of the study, Data collection, Data analysis, Writing
paper.
C. S. van Rijswijk: Data analysis, Writing paper.
H. F. Brouwers: Data collection.
P. D. S. Dijkstra: Performed surgeries, Writing paper.
M. A. J. van de Sande: Performed surgeries, Writing paper.
P. C. W. Hogendoorn: Design of the study, Data analysis, Writing paper.
A. H. M. Taminiau: Design of the study, Performed surgeries, Data analysis,
Writing paper.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by A. C. Ross and first proof edited by G. Scott.

References
1. Fletcher CDM, Bridge JA, Hogendoorn P, Mertens F. WHO classification of

Tumours of Soft Tissue and Bone. Fourth ed. Lyon: IARC Press, 2013:264–268.

2. Unni KK, Inwards CY. Dahlin’s bone tumors: general aspects and data on 11,087
cases. Sixth ed. Philadelphia: Lippincott, 2006.

3. Bovée JV, van der Heul RO, Taminiau AH, Hogendoorn PC. Chondrosarcoma of
the phalanx: a locally aggressive lesion with minimal metastatic potential: a report of
35 cases and a review of the literature. Cancer 1999;86:1724–1732.

4. Brown MT, Gikas PD, Bhamra JS, et al. How safe is curettage of low-grade car-
tilaginous neoplasms diagnosed by imaging with or without pre-operative needle
biopsy? Bone Joint J 2014;96-B:1098–1105.

5. van der Geest IC, de Valk MH, de Rooy JW, et al. Oncological and functional
results of cryosurgical therapy of enchondromas and chondrosarcomas grade 1. J
Surg Oncol 2008;98:421–426.

Fig. 6a

Fig. 6b

Axial MR images of early post-operative changes showing a 31-year-old
man with an ACT/chondrosarcoma grade I in the left distal femur. Axial
T1-weighted MR images after intravenous contrast administration with
fat-suppression through the same position on different time-points; a)
the lesion shows typical peripheral ring enhancement; b) the patient has
been treated by curettage through a lateral approach. There is marked
enhancement surrounding the bone window six months after treatment.
The bone window is partially consolidated and shows reactive periosteal
and soft-tissue oedema; c) complete consolidation and incorporation of
the bone graft 24 months after surgery

Fig. 6c



MRI APPEARANCES OF ATYPICAL CARTILAGINOUS TUMOUR/GRADE I CHONDROSARCOMA 1681

VOL. 98-B, No. 12, DECEMBER 2016

6. Verdegaal SH, Brouwers HF, van Zwet EW, Hogendoorn PC, Taminiau AH.
Low-grade chondrosarcoma of long bones treated with intralesional curettage fol-
lowed by application of phenol, ethanol, and bone-grafting. J Bone Joint Surg [Am]
2012;94-A:1201–1207.

7. Verdegaal SH, Hartigh Jd, Hogendoorn PCW, Brouwers HF, Taminiau AHM.
Phenol levels during intralesional curretage and local adjuvant treatment of benign
and low-grade malignant bone tumours. Clin Sarcoma Res 2012;2:10.

8. Verdegaal SH, Corver WE, Hogendoorn PCW, Taminiau AHM. The cytotoxic
effect of phenol and ethanol on the chondrosarcoma-derived cell line OUMS-27: an in
vitro experiment. J Bone Joint Surg [Br] 2008;90-B:1528–1532.

9. Geirnaerdt MJ, Bloem JL, Eulderink F, Hogendoorn PC, Taminiau AH. Cartilag-
inous tumors: correlation of gadolinium-enhanced MR imaging and histopathologic
findings. Radiology 1993;186:813–817.

10. Geirnaerdt MJ, Hermans J, Bloem JL, et al. Usefulness of radiography in differ-
entiating enchondroma from central grade 1 chondrosarcoma. AJR Am J Roentgenol
1997;169:1097–1104.

11. Geirnaerdt MJ, Hogendoorn PC, Bloem JL, Taminiau AH, van der Woude HJ.
Cartilaginous tumors: fast contrast-enhanced MR imaging. Radiology 2000;214:539–
546.

12. De Beuckeleer LH, De Schepper AM, Ramon F, Somville J. Magnetic reso-
nance imaging of cartilaginous tumors: a retrospective study of 79 patients. Eur J
Radiol 1995;21:34–40.

13. Eefting D, Schrage YM, Geirnaerdt MJ, et al. Assessment of interobserver vari-
ability and histologic parameters to improve reliability in classification and grading of
central cartilaginous tumors. Am J Surg Pathol 2009;33:50–57.

14. ESMO/ European Sarcoma Network Working Group. Bone sarcomas: ESMO
Clinical Practice Guidelines for diagnosis,treatment and follow-up. Ann Oncol
2014;25(Suppl 3): iii113–123.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


