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General introduction

Enchondromas are common intra-osseus benign cartilaginous neoplasms that 
develop in close proximity of the growht plate cartilage. 
Chondrosarcoma are malignant bone neoplasms, characterized by the produc-
tion of cartilage instead of bone. 
When multiple enchondromas are present, this condition is called enchondro-
matosis, also known as Ollier disease. Th e condition in which enchondromato-
sis is associated with soft tissue hemangiomas is known as Maff ucci syndrome.

Nomenclature/ synonyms:

Enchondroma

Chondrosarcoma: 

- Borderline chondrosarcoma/ low-grade chondrosarcoma/ grade I chondrosar-
coma/ atypical cartilaginous tumour
- Chondrosarcoma grade II 
- Chondrosarcoma grade III
Ollier disease: dyschondroplasia/ multiple cartilaginous enchondromatosis/ en-
chondromatosis Spranger type I/ multiple enchondromas/ dyschondroplasia
Maffucci syndrome: dyschondrodysplasia with hemangiomas/ enchondroma-
tosis with multiple cavernous hemangiomas/ Kast syndrome/ hemangiomatosis 
chondrodystrophica/ enchondromatosis Spranger type II.
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1
Atypical cartilaginous tumour/grade I central 
chondrosarcoma

Introduction

Within the group of chondrosarcomas, diff erent subtypes are defi ned. In the 
context of this thesis, we focused on conventional central chondrosarcoma. 
Th ese neoplasms may arise de novo in the medulla of the bone (primary) or in a 
pre-existent enchondroma (secondary).1 Atypical cartilaginous tumour (ACT)/
grade I central chondrosarcoma form approximately 85% of all conventional 
chondrosarcomas. Over the course of time the defi nitions of chondrosarcoma 
have been adapted based upon clinico-pathological and radiological correlati-
ons. Given the fact that a grade I chondrosarcoma in the extremities when bona-
fi de sampled will never metastasize unless dediff erentiation occurs and behaves 
like a locally agressive lesion, the WHO committee introduced the concept of 
atypical cartilaginous tumour,2 in analogy with lipomatous tumours.
Th e most important prognostic factors in predicting the risk for metastasis are 
grading of the tumour and age of onset above 50 years. Grading is based on 
cellularity, nuclear size, nuclear staining, hyperchromasia and mitoses.3,4 While 
grade I and II rarely metastasize (respectively 0% and 10%), grade III chondro-
sarcomas do so in about 70% of the cases. Th e 5-years survival in grade I chon-
drosarcoma is 84%, in grade II 64% and in grade III 29%. Th e main reason for 
the lower than expected 100% survival in ACT/ grade I central chondrosarcoma 
is the problem of local control in lesions of the skull, scapula or pelvis.5,6

Diagnosis

Th e presence of persistent pain not related to mechanical problems lasting for a 
period of several weeks should raise attention. Swelling might not at all be the 
presenting symptom. Even more puzzling is that a substantial number of these 
tumours are found as an accompanying event by radiological examination for 
another reason. Th e diagnosis should be made in a multidisciplinary setting 
based on clinical, radiological and histological fi ndings. Specifi c clinical practice 
guidelines for diagnosis are published by the ESMO working group7.
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Treatment 

Surgery is the treatment of choice for malignant cartilage neoplasms, with the 
extend of the margins depending on the tumour grade and location.6,7 Radio-
therapy and chemotherapy have no substantial role in the treatment of chon-
drosarcomas.7,8 

Until the 90’s, for all grades of central chondrosarcoma, wide resections and 
reconstruction (often with the use of a joint-replacing prosthesis), were per-
formed. Due to the fact that morbidity had been high, but mortality low, less 
agressive surgical methods were introduced in patients with low-grade central 
chondrosarcoma. Since 1994, the Leiden University Medical Center treated this 
patient group by intralesional curettage. After instillating the walls of the cavity 
with phenol 85%, ethanol 96% is used for washing out the phenol. Finally, the 
bone cavity is fi lled up with deep-frozen, non-irradiated allograft bone chips 
derived from donor femoral heads (Bio Implant Services, Leiden, Th e Nether-
lands). 

Phenol

Liquefi ed phenol, containing 82 to 86.5% w/w phenol in water, is a colourless 
or faintly coloured liquid. It may be used as a preservative in pharmaceuti-
cals and chemicals. Liquefi ed phenol causes cell-wall disruption, precipitation, 
denaturation of proteins and coagulation necrosis. Liquefi ed phenol is readily 
absorbed via inhalation, ingestion and dermal contact, causing both local and 
systemic toxity. Th e elimination half-time ranges from 1-14 hours.12 It is eli-
minated in the urine, mainly as sulfate and glucuronide conjugates. Clinical 
symptoms of phenol ingestion may include local corrosion with pain, nausea, 
vomiting and diarrhea. Systemic toxity may consist of CNS depression, circu-
latory and respiratory failure, pulmonary edema and hepatic and renal injury. 
Applied tot the skin, phenol causes blanching and corrosion in a concentration 
of 1-2%, depending on the exposure time.13-16 
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Macroscopy 

Chondrosarcoma displays a translucent, lobular, blue-grey or white surface due 
to the presence of hyaline cartilage. Yellow-white, chalky areas of calcium depo-
sit are commonly present. Th ere may be areas containing mucoid material and 
cystic changes. In higher grades, cortical destruction or extended growth into 
the soft tissue may occur.2

Histopathology

Th e distinction between enchondroma and ACT/ grade I central chondrosar-
coma can be diffi  cult, and is subjected to a higher inter-observer variability.3 
In ACT/ grade I central chondrosarcoma, the chondrocytes are atypical, varying 
in size and shape and contain enlarged, hyperchromatic nuclei. Binucleation is 
frequently seen, but mitosis is absent.4 

Follow-up

In the postoperative period up to three months, plain radiographs are perfor-
med to detect bone repair of the bone window, or any complications like frac-
tures. From 6-12 months after surgery, dynamic MR images with the use of 
Gadolinium are acccomplished periodically to detect any residual or recurrent 
cartilage tumour.

Ollier disease and Maffucci syndrome

Introduction

While most enchondromas and/or conventional chondrosarcoma are solitary, 
some occur multiple in the context of a syndrome; enchondromatosis. Th e two 
best-known are Ollier disease and Maff ucci syndrome.17-19 Both are characteri-
zed by the presence of multiple enchondromas. Th e diff erence is that in Maf-



14 | Chapter 1

fucci syndrome, also benign vascular lesions (hemangiomas) and/or lymphan-
gioma are present. Both syndromes are non-heriditary. Often one site of the 
body is aff ected. Th e unilateral distibution of enchondromas could point in the 
direction of an early mutation event in embryogenesis, resulting in mosaïcism.  

Diagnosis

Diagnosis is based on clinical features and plain radiographs of the bone. Usu-
ally, these syndromes manifest in early childhood; 75% are diagnosed before the 
age of twenty years.20

Besides the short and long tubular bones, also fl at bones of the scapula and pel-
vis can be aff ected. Due to the asymmetrical distribution of enchondroma, often 
bowing deformities and/or limb lenght deformities occur.20,21

Treatment

Th ere is no medical treatment for enchondromatosis. Surgery is indicated in 
case of complications, such as growth defects, pathological or pending
fractures or malignant transformation. 

Microscopy

Histological grading in enchondromatosis is more diffi  cult, as increased cel-
lularity and some nuclear atypia are not suffi  cient to diagnose low-grade chon-
drosarcoma. Th e distinction between benignity and malignity should be made 
within a multidisciplinary team. Also, radiological features should be taken into 
consideration (e.g. cortical destruction, soft tissue extension).

Genetics

Both Ollier disease and Maff ucci syndrome are non-heriditary. Mutations in the 
gene encoding for isocitrate dehydrogenase 1 (IDH1) and IDH2 were detected 
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in solitary cartilaginous tumours as well in patients with enchondromatosis. 
Th ese mutations might represent early postzygotic genetic events and account 
for the initiation of the disease process. Mutations of the gene encoding for pa-
rathyroid hormone receptor 1 (PTHR1) are found in a small subset (~10%) of 
patients with Ollier disease.22-25

Malignant transformation

Th e risk to develop secondary chondrosarcoma is 40% in Ollier disease (range 
5-50) and up to 53% in Maff ucci syndrome.20

Aim of the thesis

Regarding cartilage neoplasms of the bone, this thesis could be devided in two 
diff erent parts; 
Th e first aim was trying to identify clinical characteristics in a large group of pa-
tients suff ering from Ollier disease or Maff ucci syndrome in order to predict the 
risk of secondary development of chondrosarcoma and its subsequent mortality.
Th e second aim was to prove the assumption that phenol indeed has an eff ective 
role as local adjuvant in patients suff ering from central grade I chondrosarcoma/ 
atypical cartilaginous tumour of the long bones.
Th erefore we investigated two aspects; 
First, the in-vitro cell-killing potential of phenol was studied. Secondly, phenol-
concentrations during surgery were measured. 
To prove the clinical eff ect on patients, we studied a group of patients treated 
with phenol as adjuvant therapy following intralesional curettage. 
Also, the role of MRI imaging in the follow-up in these patients was studied.

Outline of the thesis: 

In chapter two, an international multicenter study was performed to gain more 
insight in the clinical behaviour and characteristics of enchondromas in pa-
tients with Ollier diseae and Maff ucci syndrome. An important aim was  to es-
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timate the cumulative probability of secondary transformation of enchondroma 
to chondrosarcoma over a lifetime. Variables who signifi cantly were associated 
with the transformation to chondrosarcoma and mortality were defi ned.
In chapter three, the cytotoxic action of phenol on diff erent cell lines were stu-
died in order to provide a rationale for its use as an adjuvant. We investigated 
potentially eff ective concentrations in vitro. 
Besides the expected cytotoxic eff ect of phenol on cell lines, we also analysed the 
independent  eff ect of ethanol at diff erent concentrations to assess cytotoxicity.
In chapter four, the surgical technique was outlined in more detail regarding 
the use of phenol and ethanol as adjuvant therapy following intralesional curet-
tage of the cartilage tumour. Firstly, the initial local concentration of phenol in 
the cavity wall was measured. Secondly, we investigated the dilution of phenol 
85% by ethanol 96%, and the role of the size of the cavity in the degree and 
speed of dilution. 
Chapter five describes the results of intralesional curettage, followed by phenol 
application as adjuvant therapy and bone grafting. Aim was to describe clinical 
outcomes in a retrospective study.
Chapter six concerns the follow-up of patients suff ering from ACT/ grade I 
central chondrosarcoma and those that were treated by intralesional curettage 
as described above. Already studies were performed on the predictive values of 
(dynamic) Gd-MR imaging in the preoperative diagnosis and grading of the 
lesion. So far, no results were published on the postoperative follow-up in these 
groups of patients. Th e outline of the study was to identify MR imaging features 
of normal postoperative changes and local residual or recurrent disease. Next to 
this, we tried to identify characteristics by using postoperative MR images to 
design a fl ow chart for diff erent follow-up and treatment options.
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