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Summary. The clinical and morphological findings of  
53 chondroblastomas in the files of the Bone Tumour 
Registry of  Westphalia are presented. The mean age of  
all patients was 19.2 years. The male-to-female ratio was 
1.5:1. Forty-two of the tumours (79.8%) were located 
in the long tubular bones and short tubular bones of  
the hands and were closely related to the growth plate. 
Six cases (11.3%) were found in the fiat bones, 4 cases 
(7.5%) in the tarsal bones and 1 case (1.9%) in the cran- 
iofacial bones. The characteristic radiological feature of  
44 investigated lesions was a mostly eccentric radiolu- 
cency with a geographic pattern of  bone destruction and 
matrix calcifications. Periosteal reaction was evident in 
9% of  the cases. Most turnouts demonstrate the typical 
morphological features of chondroblastoma, but 3 cases 
resembled a giant cell tumour. In 2 cases a haemangio- 
pericytoma-like growth pattern was observed. Nine of  
the tumours had an aneurysmal bone cyst-like compo- 
nent. Vascular invasion was seen in 1 case. Immunohisto- 
chemically most cells in 30 of  the cases and fetal chon- 
droblasts in 3 cases were strongly positive with vimentin 
and S-100 protein. Collagen type II was positive in the 
chondroid matrix of  the tumours and in fetal cartilage 
tissue; collagen type VI was present focally around indi- 
vidual tumour  cells and was always seen in the chon- 
droid matrix of the lesions and in fetal cartilage. These 
findings support  the cartilaginous nature of these tu- 
mours. In paraffin sections, 46.6% of  the cases revealed 
a distinct positive reaction of  some tumour cells with 
the monoclonal  cytokeratin antibody KL1 (molecular 
weight 55 57 kDa). Only 4 of  them demonstrated a co- 
expression with the other monoclonal cytokeratin anti- 
body CK (clone M N F  116, molecular weight 45- 
56.5 kDa). In paraffin sections all fetal chondroblasts 
were negative with both cytokeratin antibodies. Frozen 
sections of 3 tumours showed a strong positive reaction 
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with both cytokeratin antibodies in many chondroblasts, 
indicating an "abe r r an t "  cytokeratin expression. Osteo- 
clast-like giant cells stained positive with leucocyte-com- 
mon antigen (LCA) and with the macrophage-associated 
antibody KP1, but were negative with the other macro- 
phage-associated antibody MAC 387. Recurrence rate 
was 10.7%. The clinical course of  all tumours was be- 
nign. 

Key words: Chondroblastoma Bone tumours Immu- 
nohistochemistry 

Introduction 

Chondroblastoma of bone was first described by Cod- 
man in 1931 as an epiphyseal chondromatous giant cell 
turnout. In 1942 Jaffe and Lichtenstein introduced the 
currently used term benign chondroblastoma to empha-  
size its distinction from giant cell tumour of  bone. Chon- 
droblastoma is rare, representing about 1% of  all prima- 
ry bone tumours (Dahlin and Unni 1986; Kurt et al. 
1989; Mirra 1989; Huvos 1991) although more than 
1400 cases have been reported in literature (Bloem and 
Mulder 1985; Kyriakos etal .  1985; Springfield etal .  
1985; Kurt  et al. 1989; Brower et al. 1990). It is usually 
benign, generally arising in the epiphysis or apophysis 
of long tubular bones (Schajowicz 1981; Dahlin and 
Unni 1986; Mirra 1989; Campanacci 1990; Huvos 
1991). We present our experience of  53 cases of  chon- 
droblastoma from the files of the Bone Tumour  Registry 
of  Westphalia, with special reference to immunohisto- 
chemical findings. 

Materials and methods 

All cases with the diagnosis of "chondroblastoma" from 1975 to 
1992 in the files of the Bone Tumour Registry of Westphalia, a 
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Table 1. List of primary antibodies used in immunohistochemistry 

Antibodies Clone Dilution Main immunoreactivity Source 

Vimentin (m) V9 1 : 30 Mesenchymal cells 

S-100 protein (p) 1:1200 Neural cells 

Collagen type II (p) 1 : 20 Chondrogenic tissue 

Collagen type VI (p) 1:4000 Most interstitial tissue 

Cytokeratin (m) KL1 1 : 80 Cytokeratins of molecular 
weight 55-57 kDa; 
epithelial cells 

Cytokeratin CK (m) MNF116 1 : 150 Cytokeratins of molecular Dako 
weight 45 56.5 kDa, 
including keratins 10, 17, 18 ; 
epithelial cells and a small 
number of non-epithelial 
cells (smooth muscle cells, 
dendritic cells in lymph nodes, 
syncytiotrophoblasts, 
cortical neurons and 
plasma cells) 

CD 45 (LCA) (m) 2Bl l  +PD7/26 1:30 Leucocytes, lymphocytes, Dako 
macrophages 

CD 68 (m) KP1 1:100 Macrophages, granulocytes Dako 

Myeloid/histiocyte MAC 387 1:400 Macrophages, granulocytes Dako 
antigen (m) 

Dako 

Dako 

Ueda and 
Nakanishi (1989) 

Oda et al. (1988) 

Dako 

m, monoclonal; p, polyclonal 

total of 60 cases, were reviewed. After reclassification of 4 cases 
as giant cell tumour, I case as an aneurysmal bone cyst, 1 as 
a chondromyxoid fibroma and I as clear cell chondrosarcoma, 
we found 53 cases in which complete clinical data including follow- 
up were available for 28. Two of these have recently been published 
(Edel et al. 1992). The data of age, sex and the tumour localization 
were known from all cases, radiographs were present from 44 cases 
and routinely processed paraffin blocks were available in 49 cases. 
From 3 cases fresh tumour tissue was also snap frozen in liquid 
nitrogen, but in 4 cases, sections stained with haematoxylin and 
eosin (H & E) only were available for review. From all paraffin 
blocks, 4-5 gm sections were prepared and stained with H & E, 
periodic acid-Schiff (PAS), reticulin and von Kossa. Immunohisto- 
chemistry was performed on paraffin sections of 30 representative 
tumours and on cryostat sections of 3. We also investigated 3 cases 
of paraffin embedded embryonic hyaline cartilage tissue from 
aborted fetuses of 8 18 weeks' gestation. 

The monoclonal and polyclonal antibodies used are shown in 
Table 1. All antibodies were diluted in a modified RPMI 1640 
medium containing 5 ml RPMI 1640 (Sigma, Deisenhofen, FRG), 
45 ml destilled water, 5 ml heat-inactivated bovine serum (Sigma) 
and 0.05 sodium azide (pH 7.4-7.6). For all immunohistochemical 
studies we used the alkaline phosphatase anti-alkaline phosphatase 
(APAAP) method (Cordell et al. 1984). Cryostat sections were 
mounted on Pritt-coated slides, air-dried for 2 h and then fixed 
in acetone for 90 s at 4 ~ C. Paraffin sections were mounted on 
poly-L-lysine coated slides, dried over night at 37 ~ C, deparaffinat- 
ed and rehydrated in graded ethanols. The slides were incubated 
in a moist chamber at room temperature for 30 min with the respec- 
tive primary antibody, with the exception of the antibodies to colla- 
gen types II and VI, the antibody to cytokeratin (CK) and the 
macrophage-associated antibodies KP1 and MAC 387. For the 
demonstration of the collagen types II and VI the sections were 
pretreated with 0.01% protease (type XXIV, Sigma) in 0.1 M 
TRIS-HC1 (pH 7.6) at 37 ~ C for 10 min and then with 0.05% hyal- 
uronidase (type IVS, bovine testis, Sigma) in 0.1 M phosphate 

buffer (pH 5.51) at 37~ for 2 h. They were incubated with the 
antibodies to collagen types II and VI over night at 4 ~ C. For 
demonstration of CK, KP1 and MAC 387 the sections were pre- 
treated with 0.1% trypsin (Sigma) for 10 min at 37 ~ C. The sections 
incubated with the polyclonal antibodies were first treated for 
30 min with the bridging antibody mouse anti-rabbit IgG (Dako, 
Hamburg FRG), diluted 1:100. All sections were then incubated 
for 30 min with the bridging antibody rabbit anti-mouse IgG 
(Dako), diluted 1:30 in modified RPMI 1640 containing 10% hu- 
man serum (Dako). The slides were then treated with the APAAP 
complex (Dako) diluted 1:50 in modified RPMI 1640 for 1 h. Each 
step was separated by careful washing in 0.05 M TRIS-NaC1 
buffer. 

For colour development the slides were incubated for 25 rain 
with a modified neofuchsin solution: 0.13 ml neofuchsin (Chroma, 
K6ngen, FRG) dissolved in 2 N HC1 were incubated with a freshly 
prepared 4% sodium nitrite solution for 1 rain and mixed with 
0.023 g levamisole (Sigma) in 63 ml 0.2 M TRIS-HC1 buffer 
(pH 8.7), finally adding 0.032 g napthol AS-BI-phosphate (Sigma) 
dissolved in 1 ml n,n-dimethylformamide (pH 8.7) (Merck-Schu- 
chard, Hohenbrunn, FRG). The solution was filtered and adjusted 
with 1 N HC1 to pH 8.7. 

Counterstaining was performed with Mayer's haematoxylin. 
For controls the primary antibodies were replaced by the TRIS- 
NaC1 buffer mentioned above. Pre-existing tissue and stroma com- 
ponents served as internal positive or negative controls. The inter- 
pretation of immunohistochemistry was semi-quantitative. 

Results 

F r o m  53 cases  w i t h  the  d i a g n o s i s  o f  c h o n d r o b l a s t o m a  
in o u r  files, 32 w e r e  m a l e s  a n d  21 females .  T h e  m a l e - t o -  
f e m a l e  r a t i o  was  1 .5 :1 .  T h e  age  o f  the  pa t i en t s  r a n g e d  
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Fig. 1. Distribution of 53 
chondroblastomas by age 
and sex of the patient (a) 
and site of the lesion (b) 
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cervical vertebra and the patella. Only 1 case (1.9%) 
was found in the craniofacial bones affecting the left 
temporo-mandibular  joint. 

The clinical signs and symptoms were mainly charac- 
terized by local swelling, pain and limitation of  motion 
of  the affected joint. In 10 cases (18.8%) joint effusions 
were observed. The duration of  the symptoms ranged 
from 5 weeks to 3 years. Laboratory  tests were generally 
within normal limits. 

Radiographs were available in 44 cases. In all of  them 
the largest tumour extension was found in the medulla. 
The long tubular bones were involved in 31 cases 
(70.5%), the short tubular bones only in 3 cases (6.8%), 
the flat bones and the bones of  the feet in 9 cases (20.4%) 
and the craniofacial bones in 1 case (2.3%). In the long 
and short tubular bones, all tumours were always closely 
related to the growth plate. Twenty-one of them (61.7%) 
had affected solely the epiphysis, 3 (8.8%) the apophysis, 
and 7 (20.5%) had involved the epi- and metaphysis. 
An epi-, apo-, meta-, diaphyseal location was found in 
one lesion (2.9%) of  the proximal humerus. Two of  34 
cases (5.9%) in the tubular bones were observed in the 
meta-diaphyseal region (Fig. 2). An eccentric localiza- 
tion of  the lesions was found in 22 of  34 cases (64.7%) 
in the tubular bones and in all cases of  the flat bones 
and the bones of  the feet. The tumour size ranged from 
1 to 6 cm. Using Lodwick criteria (1971), all tumours 

from 5 to 64 years with an average of 19.2 years 
(Fig. 1 a). Most of  the patients (86.8%) were less than 
30 years of  age, 5 patients (9.4%) were in the fourth 
and fifth decade, and 2 (3.8%) in the seventh decade. 
The localizations of  the tumours are summarized in 
Fig. 1 b. Seventeen cases (32,3%) were found in the fe- 
mur: 9 in the proximal and 8 in the distal end. In 11 
cases (20.8%) the proximal end of the tibia was affected. 
The humerus was involved in 8 cases (15.1%):5 were 
found proximal and 3 distal. The distal end of the radius 
and the proximal end of  the fibula were affected in 1 
case each (3.8%). Four cases (7.5%) were observed in 
the hands: 2 in the distal phalanx of the fourth finger, 
1 in the proximal phalanx of  the third finger and 1 in 
metacarpal II. In 4 cases (7.5%) the feet were involved 
with one case each in the cuboid, the talus, the calcaneus 
and the navicular. Six cases (11.3%) arose in the flat 
bones: 2 in the pelvis (triradiate cartilage region; os 
ilium) and 1 case each in the body of  the scapula, the 
left third rib at the sterno-costal articulation, the seventh 

Fig. 2. Conventional radiograph demonstrates an expansile geo- 
graphic lytic lesion with incomplete enosteal cortical erosion 
(Lodwck IB) in diametaphyseal region of the second metacarpal 
bone (arrow). Some loci of matrix calcifications are present 
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Fig. 3. Typical chondroblastoma 
composed of polygonal tumour cells 
with often grooved nuclei, a focus of 
"chicken-wire" calcifications and os- 
teoclast-like giant cells. H &E, x 160 

Fig. 4. Chondroblastoma demonstrat- 
ing areas of fibromyxoid stroma with 
spindle or stellate cells resembling 
chondromyxoid fibroma. H&E0 
• 160 

showed a geog raph i c  p a t t e r n  o f  bone  des t ruc t ion .  In  
26 o f  44 cases (59%)  the t u m o u r s  were charac te r i zed  
by  a r o u n d  or  oval  os teolys is  wi th  a sha rp  and  well-  
def ined  sclerot ic  r im (Lodwick  IA).  Tumour s  wi th  in- 
comple t e  e ros ion  o f  the cor t ica l  bone  were seen in 13 
cases (29.5%),  affect ing b o t h  t u b u l a r  and  flat  bones  
(Lodwick  IB). F o u r  t u m o u r s  (9%)  in the f lat  bones  
(scapula ,  ve r t eb ra  a n d  pelvic  bones)  and  one les ion in 
the t e m p o r o - m a n d i b u l a r  reg ion  showed  a comple t e  cor t -  
ical des t ruc t ion  in at  least  one a rea  and  were classif ied 
as L o d w i c k  IC.  M a t r i x  ca lc i f ica t ion  was present  in 21 
cases (47.3%).  T rabecu la t ion  was seen in 12 cases 
(27.2%) and  was m o r e  c o m m o n  in the long t ubu l a r  
bones  than  in any  o the r  bone .  Per ios teal  new bone  for-  
m a t i o n  was d e m o n s t r a t e d  in 9 cases (20.4%).  On ly  1 
case was ent i re ly  loca ted  in the epiphysis .  

Table 2. Histological features of 53 chondroblastomas of bone 

Features Total no. of cases (%) 

Chondroid 100.0% 
Mitotic fgures 79.2% 
Atypia 
Calcific deposits 52.8 % 
Osteoclast-like giant cells 100.0% 
Aneurysmal bone cyst 17.0 % 

component 
Chondromyxoid areas 7.5% 
Hemangiopericytoma-like 3.8% 

growth pattern 
Haemorrhages and necrosis 37.7% 
Foam cells and cholesterol 13.2% 

clefts 
Vascular invasion 1.9% 
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Fig. 5. Chondroblastoma with many 
osteoclast-like giant cells resembling 
giant cell tumour of bone. Note 
small loci of chondroid. H&E, x 160 

Fig. 6. Chondroblastoma showing 
vascular invasion of turnout cells at 
the periphery of the lesion. H&E, 
x 160 

The main histological findings and their frequencies 
are summarized in Table 2. The basic cell type was a 
round to polygonal chondroblast  with mostly eosino- 
philic cytoplasm and a distinct cell border (Fig. 3). Occa- 
sionally, tumour  ceils with little or no visible cytoplasm 
and indistinct cell borders were seen. PAS staining re- 
vealed sometimes positive glycogen granules within the 
cytoplasm of the cells. The nuclei were oval, round or 
grooved, containing one or two nucleoli and in some 
cells two or three nuclei were found. Significant nuclear 
atypia was not found but  mitotic figures were seen in 
42 cases (79.2%) ranging f rom one to two per 10 high- 
power fields (HPF).  Two cases (3.8%) showed more than 
three mitotic figures per 10 HPF.  In 48 cases (90%) 
areas of  amorphous  pinkish chondroid or fibro-chon- 
droid were found, occasionally smaller than 1 m m  in 

diameter. In the remaining 10% of  the cases chondroid 
differentiation was only weekly expressed. Osseous me- 
taplasia of  the f ibro-chondroid foci was observed in 4 
cases. Small areas of  f ibromyxoid s t roma with spindle 
or stellate cells (Fig. 4) were also present in 4 cases. Cal- 
cific deposits were found in 28 cases (52.8%). Typical 
"chicken-wire"  calcifications were only present in 20 
cases (37.7%). Varying numbers  of  multinucleated osteo- 
clast-like giant cells with sometimes more  than 60 nuclei 
were identified in all turnouts, mostly randomly distrib- 
uted between the chondroblasts or in areas of  necrosis. 
In 3 cases (5.7%) osteoclast-like giant cells were predom- 
inant, resembling a giant cell tumour  (Fig. 5). Foci of  
haemangiopericytoma-l ike growth pat tern were ob- 
served in only 2 cases. Areas of  haemorrhage  and necro- 
sis with or without haemosiderin pigment were found 
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Fig. 7. Chondroblastoma demonstrat- 
ing strong positive staining of chon- 
droblasts and of mature chondro- 
cytes in fibro-chondroid areas with 
anti S-100 protein. APAAP method, 
counterstaining H&E, x 160 

Fig. 8. Chondroblastoma showing 
moderate to strong positive staining 
of chondroid matrix with the anti- 
body to collagen type II. APAAP 
method, counterstaining H&E, • 160 

Table 3. Results of immunohistochemical stainings in 30 chondroblastomas and in fetal cartilage 

Cell types and Vimentin S-100 Collagen II Collagen VI KLI CK LCA KP1 MAC 
stroma component protein 387 

Chondroblasts + + + + + + _ / +  c _ _ / + ,  _ / +  . . . . .  
+ + + b  + + + b  

Fetal cartilage cells + + + + + + . . . . . . .  

Chondroid matrix - - + + /  + + /  . . . . .  
+ + +  + + +  

Osteoclast like giant + / +  + . . . . .  + + + + + - 
cells 

+ + + ,  strong; + + ,  moderate; + ,  slight and focal; - ,  no reaction; reaction of KL1 and CK in a paraffin and in b frozen sections; 
c positive in the cytoplasm of 2 cases 
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Fig. 9. Chondroblastoma with focally 
intensive positive staining of intercel- 
lular matrix around individual tu- 
mour cells with the antibody to col- 
lagen type VI. APAAP method, 
counterstaining H&E, • 160 

Fig. 10. Chondroblastoma showing a 
small number of tumour cells stained 
positive with the antibody to cytok- 
eratin KLI. Paraffin section, APAAP 
method, counterstaining H&E, x400 

in 20 cases (37.7%) and 7 contained foam cells and cho- 
lesterol clefts. Nine cases (17%) were associated with 
sometimes large blood-filled spaces, simulating aneurys- 
mal bone cyst. Cortical destruction and soft tissue inva- 
sion was seen in 5 cases (9.4%). Four were located in 
the flat bones (pelvis, vertebra, scapula) and 1 in the 
left temporo-mandibular  region. Vascular invasion at the 
periphery of  the tumour (Fig. 6) was observed only in 
1 case. 

The immunohistochemical findings are summarized 
in Table 3. Most of  the chondroblasts were strongly posi- 
tive with vimentin in all 30 immunohistochemically in- 
vestigated cases and in fetal cartilage. Multinucleated 
osteoclast-like giant cells occasionally failed to stain with 
that antibody. About half of  the polygonal chondrob- 
lasts and almost all relative mature chondrocytes in the 

chondroid areas, including those in fetal cartilage, 
showed a strong positive reaction with the antibody to 
S-100 protein (Fig. 7). Type II collagen was strongly pos- 
itive in the chondroid matrix of all cases and in fetal 
cartilage tissue (Fig. 8). Two cases revealed a weak to 
moderately positive intracytoplasmatic reaction with 
this antibody in some chondroblasts. Type VI collagen 
was present focally around individual tumour cells 
(Fig. 9) and almost always in areas of "chicken-wire" 
calcification and in the chondroid matrix of  all cases 
including fetal cartilage. The chondroblasts, however, 
were completely negative. 

In paraffin sections of  14 tumours (46.6%), a small 
number of chondroblasts stained positive with the anti- 
cytokeratin antibody KL1 (Fig. 10). Only 4 of  30 cases 
(13.3%) showed a co-expression focally with the other 
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Fig. 11. Chondroblastoma with many 
CK-positive tumour cells. Note nega- 
tive reaction of osteoclast-like giant 
cell in the centre. Frozen section, 
APAAP method, counterstaining 
H&E, x 400 

Fig. 12. Chondroblastoma showing 
strong positive reaction of osteoclast- 
like giant cells and some histiocytes 
with the macrophage-associated anti- 
body KP1. APAAP method, counter- 
staining H&E, • 160 

cytokeratin antibody CK used. The fetal chondroblasts 
failed to stain with both cytokeratin antibodies. A de- 
tailed analysis of  the 3 tumours studied in frozen sections 
revealed a strong positive reaction with both cytokeratin 
antibodies in many chondroblasts (Fig. 11). The anti- 
body CK also stained smooth muscle cells of  the vessel 
walls. Osteoclast-like giant cells and some other mono- 
nuclear cells were strongly positive with the macrophage- 
associated antibody KPI  and with LCA in all cases 
(Fig. 12). Polyhedral chondroblasts were completely 
negative with this antibody. Another  monoclonal anti- 
body, MAC 387, which also identifies histiocytes, was 
found to be positive in histiocytes and granulocytes but 
negative in osteoclast-like giant cells and chondroblasts 
in all cases. 

Data on treatment were available in all 53 cases. The 
initial treatment was curettage in 50 followed by bone 
grafting in 45 cases. In 2 cases in which the tumour 
was localized in the third rib and the left temporo-mandi- 
bular joint respectively, the patients were treated by wide 
surgical resection. In I patient with the tumor in the 
seventh cervical vertebra, partial laminectomy and curet- 
tage of  the margins was performed. Data on the com- 
plete follow-up were available in only 28 cases (52.8%), 
including the patient with the spinal lesion. Twenty-sev- 
en of  these patients (96.4%) were initially treated with 
curettage and bone grafting. Twenty-four of  them 
(85.7%) were free of  disease 2 months to 12 years later. 
In 3 of  28 cases the tumour recurred within 5, 9, and 
18 months respectively and in 1 case even 4.5 years after 
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treatment. Of 3 patients with recurrent disease, 2 were 
treated by recurettage and 1 who had a large tumour 
in the proximal tibia by amputation. One patient had 
a second recurrence 18 months after initial treatment 
and was again recuretted, All 4 patients with recurrent 
turnouts were free of disease 6-10 years after the last 
surgical procedure; none of the patients had radiation 
therapy. Metastatic disease was not observed in any case. 

Discussion 

Chondroblastoma is generally considered to be a benign 
tumour and occurs predominantly in young males, usu- 
ally in the second decade of life (Schajowicz 1981; Dah- 
lin and Unni 1986; Mirra 1989; Campanacci 1990; Hu- 
vos 1991) as we have found. However, the reported age 
range has been quite broad, from 2 to 83 years (Kurt 
et al. 1989). The youngest patient in our series was 5 
years old, the oldest 64. The male-to-female ratio was 
1.5:1 in our cases and a little lower than in other studies 
(Spjut et al. 1971; Schajowicz 1981; Dahlin and Unni 
1986; Campanacci 1990; Huvos 1991). The long tubular 
bones were most commonly affected with a predilection 
for the femur (32,3%), the tibia (20.8%) and the humer- 
us (15.1%), which is in line with most other investiga- 
tions. One case each was found in the distal end of the 
radius and the proximal end of the fibula. Both locations 
are uncommon (Spjut et al. 1971; Schajowicz 1981; 
Bloem and Mulder 1985; Kurt et al. 1989; Mirra 1989). 
Four of our cases (7.5%) were observed in the short 
tubular bones of the hands, which are rarely involved 
(Schajowicz 1981; Bloem and Mulder 1985; Kurt et al. 
1989; Huvos 1991). In an identical proportion of our 
cases the tarsal bones were affected, as also reported 
by others (Spjut et al. 1971; Bloem and Mulder 1985; 
Kurt et al. 1989; Mirra 1989; Brower et al. 1990; Cam- 
panacci 1990). Six of our cases (11.3%) arose in flat 
bones, 2 cases in pelvic bones, 1 case each in the scapula, 
a rib, the spine and the patella. According to the litera- 
ture involvement of these bones is rare (Schajowicz 1981 ; 
Bloem and Mulder 1985; Kurt et al. 1989; Mirra 1989; 
Brower et al. 1990; Mayo-Smith et al. 1990; Imai et al. 
1991 ; Resendes et al. 1991). The skull and the jaw bones 
are also less frequently involved, as recently reviewed 
by Edel et al. (1992). Chondroblastoma of the spine is 
extremely rare. Reviewing the literature we have found 
only 12 cases, including 1 of our own (Edel et al. 1992). 

Radiologically, the tumours in the tubular bones of 
our series were always related to the growth plate, as 
also demonstrated by others. The affection of the meta- 
diaphysis is extremely rare (Sotelo-Avila et al. 1986) and 
was observed in only 2 of our cases. In most of the 
cases the radiographic findings were typical for chon- 
droblastoma, showing an eccentrically located round or 
oval osteolysis (64.7%) with matrix calcifications 
(47.3%), trabeculation (27.2%) and a sharp and well- 
defined sclerotic border (Lodwick IA) or an incomplete 
erosion of the cortex in some parts of the turnout (Lod- 
wick IB). These findings are in agreement with other 
studies (Bloem and Mulder 1985; Freyschmidt and Os- 

tertag 1988; Kurt et al. 1989; Mirra 1989; Campanacci 
1990). Five of the cases in flat bones and the single lesion 
in the craniofacial bones were characterized by a focal 
complete cortical destruction and soft tissue involvement 
(Lodwick IC). Similar observations were made by Kurt 
et al. (1989) in their series. Periosteal reaction with new 
bone formation was present in 20.4% of our cases and 
most comnaonly associated with tumours in the long 
tubular bones (6 cases), which is in line with other inves- 
tigations (Brower et al. 1990). 

Radiological differential diagnosis generally includes 
only those lesions which occur in the same age group 
as chondroblastoma (individuals between 10 and 26 
years of age). The most important lesions are: giant cell 
tumour, chondroma, low-grade chondrosarcoma, clear 
cell chondrosarcoma, chondromyxoid fibroma, purely 
lytic osteosarcoma and inflammatory disease (Bloem 
and Mulder 1985; Dahlin and Unni 1986; Freyschmidt 
and Ostertag 1988; Mirra 1989; Campanacci 1990; Hu- 
vos 1991). From this differential diagnosis it is clear that 
before definitive treatment histological examination of 
a biopsy specimens is essential. 

The histological features of most tumours were char- 
acteristic for chondroblastoma as described by most 
other authors (Jaffe and Lichtenstein 1942; Spjut et al. 
1971; Schajowicz 1981; Dahlin and Unni 1986; Kurt 
et al. 1989; Mirra 1989; Campanacci 1990; Huvos 1991). 
Amorphous pinkish chondroid or fibro-chondroid, es- 
sential for diagnosis of chondroblastoma (Dahlin and 
Unni 1986), was present in all our cases, but in 10% 
of them it was not prominent, which is in accordance 
with other investigations (Bertoni et al. 1987; Kurt et al. 
1989). Chondromyxoid areas with spindle or stellated 
cells, typical for chondromyxoid fibroma, were observed 
in 4 of our cases and has been reported by others (Scha- 
jowicz 1981 ; Dahlin and Unni 1986; Kurt et al. 1989), 
but these foci were very small in our material. In 3 of 
our cases there were areas which contained numerous 
osteoclast-like giant cells, sometimes resembling a giant 
cell turnout. Typical "chicken-wire" calcifications were 
only present in 37.7% of the cases, but calcific deposits 
are not always found in these tumours (Schajowicz 1981 ; 
Kurt et al. 1989). Two cases showed areas with a hae- 
mangiopericytoma-like growth pattern, which is occa- 
sionally observed in chondroblastomas (Kurt et al. 1989; 
Mirra 1989), but more common in mesenchymal chon- 
drosarcomas (Schajowicz 1981; Dahlin and Unni 1986; 
Mirra 1989; Campanacci 1990). Nine cases (17%) con- 
tained cyst-like spaces, resembling aneurysmal bone cyst. 
Such aneurysmal bone cyst-like components have been 
observed in up to 25% of the reported cases (Schajowicz 
1981 ; Huvos 1991). 

Occasionally the differential diagnosis between chon- 
droblastoma and clear cell chondrosarcoma may be dif- 
ficult, because the latter may show prominent areas 
identical or nearly identical to those observed in chon- 
droblastoma (Mirra 1989). However, clear cell chondro- 
sarcoma is characterized by clear cell chondrocytes with 
round vesicular nuclei and a water clear cytoplasm and 
trabecula of osseous metaplasia (Mirra 1989; Leggon 
et al. 1990; Huvos 1991; Present et al. 1991). One of 
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our reviewed cases showed these morphological features 
and was reclassified as clear cell chondrosarcoma. 

The chondrogenic origin of the tumours was especial- 
ly stressed by our immunohistological findings. All tu- 
mours contained variable amounts of collagen type II, 
which is characteristic for tumours showing cartilagi- 
nous differentiation (Remberger and Gay 1977; Ueda 
and Nakanishi 1989; Ueda et al. 1990, 1992; Takigawa 
et al. 1991). Collagen type II was found in chondroid 
areas of all cases and in fetal cartilage. This type of 
collagen was also weakly to moderately expressed within 
the cytoplasm of some chondroblasts in 2 cases. Type 
V! collagen was present in a strange pericellular accumu- 
lation between the tumour cells and also in the chon- 
droid matrix of all cases as well as in fetal cartilage. 
Similar observations have been made by other authors 
in normal and neoplastic cartilaginous tissue (Ayad et al. 
1984; Ueda et al. 1990, 1992). S-100 protein was ex- 
pressed in about 50% of the chondroblasts and in almost 
all mature chondrocytes within chondroid areas, as al- 
ready demonstrated by others in tumours of chondro- 
genic origin (Cocchia et al. 1983; Nakamura et al. 1983; 
Monda and Wick 1985; Weiss and Dorfman 1986; Oka- 
jima et al. 1988; Semmelink etal. 1990; Present et al. 
~991). Most tumour cells and osteoclast-like giant cells 
stained positively with vimentin. In a recent study on 
7 chondroblastomas including one with lung metastasis, 
Semmelink et al. (1990) reported that many of the tu- 
mour cells showed a moderate to strong positive reaction 
with a polyclonal antibody to cytokeratin and co-expres- 
sion of epithelial membrane antigen (EMA) was seen 
in all but one lesion. A monoclonal antibody CAM 5.2 
with specificity to cytokeratin 8 was positive in the tu- 
mour cells of 5 cases including the lung metastasis. An 
analysis of the pulmonary metastasis studied in frozen 
sections revealed in addition a strong positive reaction 
of the chondroblasts with antibodies to different cytok- 
eratins (8, 18, 19), while another antibody to cytokeratin 
7 only stained the well-differentiated chondrocytes. In 
a previous paper on two chondroblastomas of the head 
and spine (Edel et al. 1992) we were unable to demon- 
strate EMA, cytokeratin Lu5 (specific for cytokeratin 
1 and 19) and cytokeratin KL1 (molecular weight 55 
57 kDa) in any tumour cell. In the present study on 
30 cases of chondroblastomas a small number of cells 
was strongly positive with KL1 in about half of the 
cases. Only 4 of them showed co-expression with the 
antibody CK (molecular weight 45-56.5 kDa with speci- 
ficity to cytokeratins 10, 17 and 18). The 3 cases of 
embryonic cartilage failed to stain with both antibodies. 
Tumour tissue studied in frozen sections of 3 cases, how- 
ever, demonstrated a strong positive reaction with both 
cytokeratin antibodies applied, which is in agreement 
with the observations made by Semmelink et al. (1990). 
The expression of cytokeratin has recently been reported 
in an increasing number of other non-epithelial tumours 
(Miettinen 1990; Swanson 1990) but the results with epi- 
thelial markers in the same types of tumours are often 
controversial. For example some authors have occasion- 
ally observed these markers in chondrosarcomas (Der- 
van etal. 1988; Karabela-Bouropoulou etal. 1988; 

Weiss et al. 1988; Hashimoto et al. 1990), in classical 
and chondroid chordomas (Abenoza and Sibley 1986; 
Salisbury 1987; Meis and Giraldo 1088; Bouropoulou 
et al. 1989; Swanson 1990; Persson et al. 1991) while 
others have not found them in these tumours (Lossnitzer 
et al. 1986; Chu 1987; Wick et al. 1987; Brooks et al. 
1989; Swanson et al. 1990). A possible reason for that 
may lie in the differences in antibody specificity and 
fixatives used in different studies, since our results clearly 
indicate that immunoreactivity of keratin antibodies de- 
pends on the fixation technique used and that frozen 
section material seems to be the best method for the 
demonstration of different types of cytokeratins (Miet- 
tinen and Kovatich 1991). Our own findings may be 
explained by a biphasic or dual differentiation of multi- 
potential stem cells within the bone marrow towards 
mesenchymal and epithelial cell elements, as recently 
proposed by Ling and Steiner (1986), who reported a 
chondrosarcoma associated with a squamous cell carci- 
noma and discussed the possibility of intermutability or 
metaplasia between mesenchymal and epithelial tissue. 
Evidence for the theory of multipotential stern cells come 
from experimental studies which have shown that cytok- 
eratins 8 and 18 are expressed transiently in murine em- 
bryonic multipotential mesenchymal cells (Kulesh and 
Oshima 1988), in the developing skeletal muscle of the 
mouse (Kosmehl et al. 1990) and myocardial cells of 
some vertebrate species (Kuruc and Franke 1988). The 
same types of keratins have also been observed transient- 
ly in human embryonic smooth muscle cells (Gown et al. 
1988) and fetal fibroblasts (von Koskull and Virtanen 
1987). These findings indicate that cytokeratin expres- 
sion in mesenchymal cells is probably not only an aber- 
rant phenomenon but an indication of early differentia- 
tion stages. Thus it might be speculated that some chon- 
droblasts in developing cartilage tissue may also express 
some types of cytokeratins, but our preliminary results, 
as well as those of Swanson et al. (1990), do not confirm 
this hypothesis. In both studies on paraffin embedded 
tissue the fetal chondroblasts were negative with the an- 
tibodies to cytokeratin used. Our observations and those 
of Semmelink et al. (1990) indicate that cytokeratin ex- 
pression in chondroblastoma is obviously an aberrant 
phenomenon, but further comparative investigations on 
frozen samples of different embryonic mesenchymal tis- 
sues and the corresponding tumours with different cy- 
tokeratin antibodies are necessary to distinguish between 
aberrant and natural keratin expression in mesenchymal 
tumours. 

The positive reaction of the osteoclast-like giant cells 
with the monoclonal macrophage-associated antibody 
KP1 and with LCA is in accordance with the findings 
of Brecher and Simon (1988). It is interesting to note 
that the other macrophage-associated monoclonal anti- 
body MAC 387 failed to stain this cell type. This obser- 
vation is in agreement with other investigations, which 
have shown that this antibody is non-specific as a tu- 
mour marker or a marker of histiocytes (Loftus et al. 
1991). 

The clinical course of chondroblastoma is usually be- 
nign. However, there are some reports on metastatic 
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mal ignant -behaving  chondrob las tomas ,  which differed 
in no observable way  f rom classical benign chondroblas -  
toma,  as recently reviewed by others (Kunze et al. 1987; 
Semmelink et al. 1990; Van H o r n  et al. 1990). In addi-  
tion, a few chondrob la s tomas  have been described show- 
ing a clinical course with sa rcomatous  t rans format ion  
with or  wi thout  a his tory o f  i rradiat ion (Bloem and 
Mulder  1985; Kyr iakos  et al. 1985). Despite these facts 
radical surgery is no t  generally necessary, because ap- 
proximately  90% o f  the patients were cured by initial 
curet tage or  local excision with bone  graft ing (Kryr iakos  
et al. 1985; Mir ra  1989). 

Local  recurrence rates are most ly  considered to be 
low after adequate  treatment,  ranging f rom 5% to 10% 
(Schajowicz 1981; Bloem and Mulder  1985; Springfield 
e ta l .  1985; Dahl in  and Unni  1986; Mir ra  1989), al- 
t hough  a higher recurrence rate in those tumours  with 
aneurysmal  bone cyst-like componen t s  has been re- 
por ted  (Huvos  1991). The local recurrence rate in our  
28 patients with da ta  o f  complete fol low-up was 10.7%, 
which is in agreement  with mos t  other  studies. Only  
one o f  our  patients had a second recurrence. All o f  our  
patients including those showing vascular  invasion or  
recurrent  disease and fur ther  t rea tment  were free o f  dis- 
ease up to 12 years later. None  o f  the patients had meta-  
static disease. Thus  vascular  invasion is no t  absolutely 
correlated with a more  aggressive local behaviour  and 
the development  o f  metastasis in c h o n d r o b l a s t o m a  
(Kurt  et al 1989). Vigorous  curettage o f  the p r imary  tu- 
m o u r  may  also result in lung deposits th rough  emboliza-  
t ion o f  t u m o u r  cells (Kyriakos  et al. 1985; Huvos  1991). 

The histogenesis o f  chond rob l a s toma  is still under  
debate. A histocytic origin seems to be unlikely, as dis- 
cussed in detail by Brecher and Simon (1988). In our  
s tudy we clearly demons t ra ted  that  collagen types II  and 
VI, bo th  characteristic for  normal  cartilage and tumours  
showing cart i laginous differentiation (Remberger  and 
G a y  1977; Ayad  et al. 1984; Ueda  and Nakanishi  1989; 
Ueda  et al. 1990, 1992), were present in the matr ix o f  
chondrob las toma.  These findings suppor t  further  s t rong 
evidence for the cart i laginous nature o f  this tumour ,  first 
p roposed  by Jaffe and Lichtenstein in 1942. The expres- 
sion o f  cytokerat in  in chond rob l a s toma  seems to be 
more  an aberrant  p h e n o m e n o n  than a representat ion 
o f  an early stage o f  embryonic  differentiation. 
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