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Abstract
Background. Secondary malignancies arising from benign 
bone tumors are rare. Their recognition and diagnosis are 
diffi cult, and their slow growth and late recurrence require 
long-term follow-up. In this study, malignant transformation 
rates of various histological types of benign cartilage-forming 
bone tumors in large series were evaluated.
Methods. Between 1986 and 2004, a retrospective analysis of 
627 cartilage-forming benign bone tumors revealed that 32 
patients had malignant transformation. Of the 32 patients, 14 
had solitary osteochondromas, 10 had multiple osteochondro-
mas, 6 had a solitary enchondroma, 1 had Ollier’s disease, and 
1 had Maffucci’s syndrome. The patient with Ollier’s disease 
had two chondrosarcomas, and one patient with multiple 
osteochondroma had three chondrosarcomas. The cases were 
included in the study only when complete clinical documenta-
tion, radiological records, and histological analyses were 
available.
Results. The rate of malignant transformation for cartilage-
originating tumors was 5.1% (solitary osteochondromas 4.2%, 
multiple osteochondromas 9.2%, solitary enchondromas 
4.2%). The average time between the initial diagnosis and 
malignant transformation was 9.8 years. The most common 
site of involvement was the proximal portion of the femur. 
The tumors generally were well differentiated. The mean 
follow-up period was 57.3 months. Five patients (15.6%) died 
of tumor recurrence or metastasis at an average of 20.6 
months. One patient is alive with tumor at 104 months.
Conclusions. Cartilage-forming benign bone tumors are 
rather prone to undergo malignant transformation. Although 
malignant transformation of a benign bone tumor is a rarely 
encountered situation, orthopedic surgeons should be cau-
tious while following patients with a benign bone neoplasm. 
Early recognition and appropriate surgical treatment are 
required to achieve successful outcomes. The rate of local 
recurrence in secondary chondrosarcomas depends not only 
on adequate surgical treatment but also on the localization 
and histological grade.

Introduction

Malignant transformation of benign bone tumors is 
rare, and the actual incidence has not been established.1–4 
Secondary sarcomas may arise in osteochondromas, 
multiple enchondromas, synovial chondromatosis, 
fi brous dysplasia, Paget’s disease, and after radiation 
therapy.1–3 Some tumors, such as hereditary multiple 
osteochondromas (HMOs) and multiple enchondroma-
tosis, are more prone to malignant transformation, 
whereas in others, such as osteoid osteoma, no malig-
nant transformation has been reported. The true inci-
dence of malignant transformation remains unclear, as 
many osteochondromas and enchondromas, especially 
solitary lesions, are asymptomatic and have rarely been 
identifi ed.1,2,5,6 Malignant transformation leads to a 
chondrosarcoma (CS) in 90% of cases in the litera-
ture.1–3 Secondary CSs are also rarely encountered, con-
stituting approximately 1% of all malignant bone tumors 
and 8%–20% of all the patients with CS.1–4 Osteosarco-
mas, fi brosarcomas, and malignant fi brous histiocyto-
mas are encountered infrequently.1–5

Cartilage-forming benign bone tumors require long-
term follow-up to understand the clinical course because 
of their slow growth and late recurrence. In this study, 
malignant transformation rates of various histological 
types of cartilage-forming benign bone tumors in large 
series have been reviewed.

Materials and methods

This retrospective study is based on a review of the case 
records and radiographs of 32 patients who had second-
ary CS of cartilage-forming benign bone tumors diag-
nosed between 1986 and 2004 in our department. A 
total of 627 patients with cartilage-forming benign bone 
tumors were treated during this period. The clinical 
data used in the study include the patient’s age and sex, 
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the localization of the tumor, the time between the 
initial diagnosis of a benign tumor and the diagnosis of 
secondary CS, types of treatment, recurrence rate, 
distant metastasis, and the last status of the patient. For 
a case to be included in the study, histological slides had 
to be available for review and had to show evidence of 
malignancy. In addition, roentgenographic, gross tissue, 
or histological evidence of a preexisting benign lesion 
had to be present.

Among the 32 patients for whom radiographic 
imaging data were available, conventional radiographs 
were available for review for all of them, computed 
tomography (CT) scans for 18, magnetic resonance 
imaging (MRI) studies for 14, bone scintigraphy for 6, 
and angiographic evaluation for 4. The suspicion of sec-
ondary CS is indicated by growth of the tumor after 
puberty; the presence of pain, extensive calcifi cations, 
and irregularities in the cartilage mantle; erosions or 
destruction of the adjacent bones; extensive endosteal 
erosion; soft tissue invasion; and the thickness of the 
cartilage cap.1–3 The demographic peculiarities of the 
patients are shown in Table 1.

Results

The rate of malignant transformation for cartilage-orig-
inated tumors was 5.1%. Of the 32 patients who had 
secondary CS on cartilage-forming benign bone tumors, 
14 had solitary osteochondromas (43.8%), 10 had mul-
tiple osteochondromas (31.3%), 6 had enchondromas 
(18.8%), 1 had Ollier’s disease (3.1%), and 1 had Maf-
fucci’s syndrome (3.1%) (Fig. 1). During the same 
period, 331 patients with solitary osteochondromas, 92 

patients with multiple osteochondromas, 143 patients 
with solitary enchondroma, 15 patients with Ollier’s 
disease, and 3 patients with Maffucci’s syndrome 
received treatment at the authors’ institution. The inci-
dence of malignant transformation was 4.2% for the 
solitary osteochondroma group, 9.2% for the multiple 
osteochondromas group, and 4.2% for the solitary 
enchondroma group (Table 2). Of the 32 patients, 20 
(62.5%) were male. Five patients presented because of 
local recurrence.

When secondary CS was diagnosed, the ages of the 
patients with solitary osteochondroma ranged from 18 
to 55 years (average 34.8 years), which closely parallels 
the ages of the patients with multiple osteochondromas 
(range 15–69 years; mean 35.9 years). The average age 
was 49.8 years in the patients with solitary enchondro-
mas, but patients with multiple lesions required surgery 
at a younger average age (mean 25.5 years). The overall 
average time between the initial diagnosis and the sec-
ondary CS diagnosis was 9.8 years. For solitary osteo-
chondromas this period was about 8.9 years, for HMOs 
11.8 years, and for solitary enchondromas about 7.7 
years.

The most common site of involvement was the proxi-
mal femur. Two patients had more than one CS. One 
of the ten patients with multiple osteochondromas had 
three CSs (case 19) (Fig. 2), and the patient with Ollier’s 
disease had two CSs at different locations (case 31).

Twelve patients had wide surgical margins, and three 
patients had marginal surgical margins. Two patients 
with marginal excision had local recurrence, whereas 
there was one recurrence after wide excision. Amputa-
tion was the primary procedure in nine patients. One 
recurrence was seen in 14 patients with solitary 

Fig. 1. a Multiple enchondromas in a 27-year-old-man with 
Maffucci’s syndrome (case 32). Posteroanterior (PA) radio-
graph of the hand demonstrates multiple lytic expansile lesions 
and cortical disruption especially in the phalanges of the third 

digit of the left hand. Multiple phleboliths in the soft tissues 
are the mark of angiomas. b Low-grade chondrosarcoma (CS) 
with moderately hypercellular and some limited nuclear 
atypia, pleomorphism, and binucleate forms. × 100

a b
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osteochondromas and three in 10 patients with multiple 
osteochondromas. The number of local recurrences 
ranged from one to three. Two patients had local recur-
rence during the fi rst 5 years postoperatively; two had 
local recurrence after 5 years. Six patients received 
chemotherapy, and three patients had radiotherapy. 
Five patients died of tumor recurrence or distant metas-
tasis (15.6%) at an average of 20.6 months (range 1–57 
months), and one patient is alive with tumor at 104 
months. The mean follow-up period was 57.3 months 
(range 1–140 months). The percentages of cartilage-
forming benign bone tumors classifi ed according to the 
World Health Organization7 and the malignancy trans-
formation rate of these tumors can be seen in Table 2.

Table 2. Cartilage-forming benign bone tumors according to 
the World Health Organization7 and malignant transforma-
tion rate of these tumors

Tumor Total Malignant %

Osteochondroma 423 24 5.7
 Solitary 331 14 4.2
 HMO  92 10 9.2
Chondroma 161  8 4.9
 Enchondroma 143  6 4.2
 Multiple chondromatosis  18  2 11.1
  Ollier disease  15  1 6.6
  Maffucci’s syndrome  3  1 33
Chondroblastoma  32 — 0
Chondromyxoid fi broma  11 — 0

627 32 5.1

a

c

b

Fig. 2. a An 11-year-old boy with hereditary multiple osteo-
chondromas (HMOs) (case 19). Osteochondromas in the 
metaphyseal part of the distal femur. PA and lateral views. 
b PA and lateral views of the same patient after 4 years. 
Radiographs demonstrate a characteristic pattern of chondro-

sarcoma, which has calcifi cation in the form of small, round, 
calcifi ed bodies that resemble popcorn balls. c Panoramic view 
of the low-grade CS. Hypercellularity with relatively uniform-
sized cells that demonstrate limited atypia. ×40
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Histological evidence of a preexisting osteochon-
droma was present in fi ve patients with solitary osteo-
chondromas (35.7%) and in seven patients with multiple 
osteochondromas (70%). The remaining 12 patients (3 
with HMOs, 9 with solitary osteochondromas) were ini-
tially operated on because of the suspicion of a second-
ary CS over the osteochondroma at the fi rst admission. 
Histological evidence of a preexisting enchondroma 
was seen in one patient (case 25) with a solitary enchon-
droma who was referred from another center and evalu-
ated as inoperable. There was an interval of 5 years 
between the histological diagnosis of the enchondroma 
and the secondary CS. Similarly, patient 26 was referred 
to our center after a diagnosis of secondary CS (Fig. 3). 
This patient died 1 month after scapulothoracic disar-
ticulation with pulmonary metastasis. All radiological 
and clinical follow-up sessions for the other four patients 
until the occurrence of secondary CS were in our depart-
ment. Three of these four patients were treated by 
curettage plus polymethylmethacrylate (PMMA) and 
one with ray amputation. No recurrence was seen in 
these patients during a mean of 25 months (range 13–41 
months). Histologically, four tumors (one solitary osteo-
chondroma, one enchondroma, two multiple osteo-
chondromas) were considered grade II, and the rest 
were grade I. No grade III tumor was seen.

Discussion

Malignant transformation of benign bone tumors is a 
rare condition; and although there are numerous studies 
about specifi c bone tumors, none of the publications has 

reported malignant transformation rates of different 
histological types of benign bone tumors. However, 
malignant transformation of cartilage-forming benign 
bone tumors is not rare.1,3,4,5,8,9

Osteochondroma is the most common precursor 
lesion for secondary CS.1–3,10 The true incidence of sec-
ondary CS is unknown because some of the patients are 
asymptomatic and do not visit a physician.3,10–12 Many 
authors agree that the incidence is 0.4%–2.0% in 
patients with solitary osteochondromas and 1%–5% in 
patients with multiple osteochondromas.2,3,6 The inci-
dence of malignant transformation was reported from 
the Mayo Clinic as 7.6% for the solitary osteochon-
droma group and 36.3% for the HMO group.2 This 
number might be elevated not only because of referral 
selection bias but also because of the longer follow-up 
period. In our series cartilage-forming bone tumors rep-
resent 37.5% of all benign bone tumors, and 5.1% of 
them are secondary CSs. The malignant transformation 
rate was 4.2% for solitary osteochondromas and 9.2% 
for HMOs. The syndrome-forming types of cartilagi-
nous tumor especially tend to have malignant transfor-
mation.2,3,6,9,12–18 When there is Ollier’s disease, Maffucci’s 
syndrome, or HMOs, the transformation rate increases 
about 10- to 15-fold based on the fi gures in the litera-
ture.1,3,14,16 This may be because of the lower incidence 
of syndrome-forming cartilaginous tumors in the current 
series than is reported in the literature.

The average age of the secondary CS patient is 35 
years, which is younger than patients with primary 
tumors.2,10,12 In the Mayo Clinic series, 58% of patients 
with secondary CSs were in their third or fourth decade, 
with only 4.8% in their second decade.2 In the current 

Fig. 3. a Solitary enchondroma in the metaphyseal part of 
the humerus (case 26). b Radiograph after several years shows 
an intramedullary, expansile-lytic lesion with increased punc-

tate calcifi cations and cortical thinning. The patient died 
with pulmonary metastasis 1 month after scapulothoracic 
disarticulation

a b
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study, there were only two patients in their second 
decade, whereas there were eight in their third, eleven 
in their fourth, and seven in their fi fth decades, and the 
patients’ average age was 37.4 years. Only four patients 
(12.5%) were over 60 years. This may indicate that 
secondary CS is less prevalent at younger ages than 
primary CS. It is possible that the apparent risk of malig-
nant transformation increases as the duration of follow-
up increases.

Wuisman et al. reported on 27 patients with multiple 
osteochondromas, 2 of whom each had two CSs.12 
Therefore, there are three, perhaps four, reported 
instances of multiple CSs in patients with multiple 
osteochondromas, Ollier’s disease, and Maffucci’s syn-
drome.19–23 There was one patient with an HMO and 
one with Ollier’s disease in our series who had multi-
focal secondary CSs.

A change in the size of an osteochondroma or new 
onset of symptoms warrants investigation, as each may 
herald malignant transformation.1–4,6,8,12 Evaluation of 
the cartilage cap of an osteochondroma is important in 
this regard.1–3,6,18 In the study by Hudson et al., the car-
tilage cap in benign osteochondromas averaged 9  mm 
(maximum 2.5  cm).24 For secondary CS the mean carti-
lage thickness measurements of 3.9  cm (0.5–15.0  cm) 
and 4.6  cm (1–15  cm) were reported by Ahmed et al. 
and Wuisman et al. respectively.2,12 We believe that a 
change in cap thickness in an adult with a cap of > 2  cm 
is worrisome regarding malignancy. In our study, the 
cartilage cap thickness was irregular, with a maximum 
measurement of 11  cm. Although changes in radiologi-
cal appearance and clinical features of an osteochon-
droma (e.g., a rapid increase in size or local pain) suggest 
malignant transformation, they are unreliable. A defi ni-
tive diagnosis requires biopsy.

Centrally located osteochondromas about the pelvis, 
hips, and shoulders are reported to be particularly prone 
to undergo malignant transformation.1–3,6 The reason for 
this may be the delayed diagnosis of lesions in these 
areas. Two of our patients whose lesions were consid-
ered inoperable at the time of the initial diagnosis had 
giant masses over the ilium (case 24) or proximal femur 
(case 25). The low rate of malignant transformation of 
peripheral tumors may be related to their association 
with compression syndromes or deformities and so are 
removed at an earlier stage than tumors of the trunk. 
Garrison found equal distributions of malignant trans-
formation in solitary osteochondromas between long 
and fl at bones, with an 80% predilection for fl at bones 
for multiple osteochondromas.25 In the current study, 27 
of 35 (77.1%) secondary CSs were in long bones, and 8 
(22.9%) were in fl at bones. Eleven (78.6%) and seven 
(70%) of the tumors that occurred after solitary osteo-
chondroma and HMO, respectively, were in long bones. 
All of the tumors occurring after enchondroma were 

located in long bones. In the literature it was reported 
that the femur is the most frequently affected bone 
(30% of cases) for osteochondromas, with distal involve-
ment being three times more common than proximal 
involvement.1 Despite this opinion, in the current study 
proximal involvement was more frequent.

Solitary enchondroma represents close to 20% of all 
cartilage-forming benign bone tumors.9,15 Malignant 
transformation in a solitary enchondroma is an uncom-
mon but recognized complication.9,26,27 In some cases, 
accurate distinction between enchondroma and low-
grade CS is diffi cult for even skilled pathologists and 
clinicians (Fig. 3).9,10,15,27 Pain seems to be a signifi cant 
clinical symptom.26 CS patients usually have a clinical 
history of pain. Among enchondroma patients, 43.8% 
reported pain, compared with 90.6% of all CS patients.26 
Also, small areas of stippled calcifi cations may be 
present in both enchondromas and CS; and if no radio-
graphic areas of calcifi cation are seen, it does not pre-
clude the possibility of preexisting enchondroma.8,26,27 
The histological differentiation between benign enchon-
dromas and low-grade CS depends on subtle criteria; 
and because malignant features are sometimes found in 
only limited areas of the tumor, a single small biopsy 
sample may erroneously indicate a benign lesion.26 A 
major problem in the diagnosis of CS transformed from 
a preexisting enchondroma is the lack of unequivocal 
documentation by biopsy.9,26,27 In these cases, a long 
medical history and radiological changes (Fig. 3b) of a 
preexisting tumor can be counted as a sign of malignant 
transformation. Permeation of cortical and/or medul-
lary bone is an important characteristic of CS that can 
be used to distinguish it from enchondroma. Myxoid 
changes or chondroid matrix liquefaction is a common 
feature of CS.10 Welkerling et al. found that nuclear 
features, such as nuclear size and nuclear polymorphism, 
were the most reliable criteria (Fig. 4).26

The size of the enchondroma may be an important 
factor.9,15,26,27 Brien et al. believed that the chance of a 
modestly sized solitary enchondroma (3–7  cm) becom-
ing malignant is not minuscule, but they estimated the 
risk to be about 2%–3%. They estimated that a large 
solitary enchondroma (8–15  cm in maximum dimen-
sion) has, during an entire lifetime of the patient, an 
approximately 5% chance of undergoing malignant 
transformation.9 Given the above theoretical consider-
ations concerning the malignant potential of a solitary 
enchondroma, we advise, as did Brien et al., complete 
curettage of any enchondroma >7  cm. In the present 
study, three patients in whom secondary CS occurred 
after solitary enchondroma (cases 27, 28, 30) were diag-
nosed early while the tumor was still small and without 
cortical destruction or soft tissue invasion; they were 
treated by curettage and PMMA with no need for more 
radical procedures.
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Patients with multiple enchondromatosis carry a sig-
nifi cantly higher risk of transformation to secondary 
CS.9,10,16,18,26 The rate of CS in conjunction with Ollier’s 
disease has been estimated to be as high as 50%.9,10,16,26 
Of the 15 cases reviewed in our series, one patient 
developed CS (6.6%). Similar to Ollier’s disease, 
Maffucci’s syndrome may undergo malignant transfor-
mation.9,28,29 There have been varied estimates of sec-
ondary CS in Maffucci’s syndrome, and it has been 
suggested that secondary CS is more commonly seen in 
Maffucci’s syndrome than in Ollier’s disease.9,10 Lewis 
and Ketcham reported secondary CS in 16 of 105 
patients with Maffucci’s syndrome, with an overall 
malignancy rate of 23%.30 In the current study, one of 
three patients with Maffucci’s syndrome had secondary 
CS. We believe that the true secondary CS rate in Maf-
fucci’s syndrome can be estimated when the quantity of 
patients with Maffucci’s syndrome who had long follow-
up periods increases.

Even though the rate of local recurrence is reported 
to be primarily dependent on the adequacy of the 
surgery rather than the histological grade,1–3,12 we believe 
that not only adequate surgery but also the location and 
the histological grade have an infl uence on the survival 
of the patient. Although most secondary CSs are low 
grade, their size and location may make wide excision 
diffi cult, especially with intrapelvic tumors. In the 
current study, four tumors (cases 3, 21, 24, 26) were 
histologically considered grade II, and the rest were 
grade I. Three of the patients with a grade 2 tumor died, 
whereas only 2 of 28 patients with a grade 1 tumor died, 
and one of these patients (case 25) was deemed inoper-
able when diagnosed. The results of the current study 
confi rm the belief that a secondary CS is a low-grade 
neoplasm, and higher histological grades worsen sur-

vival. If complete removal of the tumor is possible, the 
patient may have a long disease-free survival.2,12,25 
Ahmed et al. reported that patients with secondary CS 
who undergo no treatment or inadequate treatment die 
within 10 years after diagnosis.2

Conclusion

Although malignant transformation of a benign bone 
tumor is a rarely encountered situation, orthopedic sur-
geons should be cautious when following patients with 
a benign bone neoplasm, especially cartilage-forming 
tumors associated with syndromes. The patients in this 
study with secondary CS were one to two decades 
younger than the patients with primary CS. Early rec-
ognition and appropriate surgical treatment are neces-
sary for successful outcomes.
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