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INTRODUCTION
Chondroblastoma (CB) is a rare, benign, cartilaginous lesion 

of the bones that accounts for less than 1% of primary bone  

tumours.(1,2) It typically develops from the epiphysis of skeletally 

immature patients.(3,4) Peak incidence of CB is seen in the second 

decade of life,(5,6) and has been reported to occur more frequently 

in men than in women.(5,7-10) Although CB has a predilection 

for tubular bones such as the humerus, femur, tibia and  

metatarsus,(7,11) it can also be found in non-tubular bones (NTBs) 

such as flat bones (i.e. skull, maxilla and pelvis)(7) and epiphysoid 

bones (i.e. trapezium,(12) cuboid,(13,14) talus(15,16) and patella(17)).  

Multifocal benign CB has also been reported.(7) Radiological 

findings of CB include an osteolytic lesion located in the epiphysis 

or apophysis. A thin sclerotic rim and extension into subarticular 

bone or metaphysis is also well recognised, with metaphyseal 

involvement occurring in 25%–50% of patients.(8) Calcific foci 

within the lesion have been reported in 30%–50% of patients, 

although the degree of calcification is variable.(8) Radiological 

findings may remain nonspecific in patients when calcification is 

not visible or atypical features are encountered.(18)

 Magnetic resonance (MR) imaging of CB may help confirm 

radiographic diagnosis in certain patients. The features of CB on 

MR imaging include hypointense T2 signal in some portions of 

the lesions,(18-23) adjacent bone marrow oedema and soft tissue 

oedema, periosteal reaction or periostitis,(18-24) and fluid-fluid 

level.(25) However, these MR imaging features have subsequently 

been reported in multiple types of osseous lesions(24,25) other 

than CB, resulting in decreased specificity of MR imaging for 

differential diagnosis of CB. We observed that a substantial  

number of patients with CB in our hospital had lesions in NTBs. 

In 1973, McLeod and Beabout(26) discussed the difficulties in 

diagnosing CB in NTBs at a time when MR imaging was not 

yet available as a diagnostic tool. Even in the present day, MR 

imaging and/or radiological findings in many instances do not  

allow for an unequivocal diagnosis of CB. Therefore, we undertook 

a study to determine whether the radiographic features of CB in 

NTBs were different from those in tubular bones. To the authors’ 

knowledge, this is the first study investigating this aspect of CB  

in the English literature.

METHODS
This study was approved by the ethics committee at the 

Ramathibodi Hospital, Bangkok, Thailand (ID-10-52-01). We 

retrospectively reviewed the medical records of all patients 

with pathologically proven CB at our hospital during a 37-year 

period (1973–2009). A total of 31 patients (16 men; 15 women) 
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who had radiographs at our institution were identified. The mean 

age of the patients was 18.9 (range 12–34) years. Conventional 

radiographic findings were evaluated by two radiologists and the 

features were recorded by consensus. Data collected included 

information on the bone involved, size, location, margin, transition 

zone, border, lobulation, calcification, trabeculation, cortical 

expansion, cortical destruction, periosteal reaction and soft 

tissue component, according to Lodwick et al’s classification.(27)  

Bones of origin were classified based on their gross appearances 

as either tubular bones (i.e. extremities and ribs) or NTBs, which 

included flat bones (such as the trunk, skull, scapula, sternum 

and pelvis) and epiphysoid bones (such as the patella, carpal  

and tarsal bones), in accordance with the guidelines of Dorfman 

and Czerniak.(28)

 For 13 patients (6 men, 7 women; mean age 19 [range 

11–34] years), additional MR imaging (n = 10) and multidetector  

computed tomography (CT; n = 2) studies were available, with 

both MR imaging and CT findings available for one patient.  

These imaging findings were evaluated for any visible internal 

cystic space (ICS), including cystic change and old bleeding, 

or secondary aneurysmal bone cyst (ABC), which may affect 

the radiological appearance of CB. The sizes of the ICS and 

the entire tumour of each patient were recorded and the 

percentage values were calculated. The soft tissue component 

was evaluated using the best available imaging modality, with 

radiographs used if the results of CT/MR imaging investigations  

were unavailable.

 For statistical analysis, continuous variables and categorical 

data were respectively presented as mean ± standard deviation 

and percentage. To compare variables associated with CB in  

tubular bones and NTBs, univariate analysis was performed using 

unpaired t-test for continuous variables and Fisher’s exact test 

for categorical variables. All variables identified as significant on 

univariate analysis underwent multivariate analysis in order to 

define the predictors associated with tubular bone involvement. 

All analyses were performed using STATA 10.0 (StataCorp, 

College Station, TX, USA). A p-value < 0.05 was considered  

statistically significant.

RESULTS
A total of 18 lesions were found in tubular bones (femur, n = 8;  

tibia, n = 6; humerus, n = 3; fibula, n = 1), and located in the 

epiphysis (n = 8), metaepiphysis (n = 8) and metaphysis (n = 2) 

(Fig. 1). A total of 13 lesions were seen in NTBs (talus, n = 7;  

calcaneum, n = 3; patella, n = 1; sternum, n = 1; scapula, n = 1) 

(Fig. 2). On plain radiographs, all lesions showed geographic bone 

Fig .  1  R a d i o l o g i c a l  f i n d i n g s  i n  a n  1 8 - y e a r - o l d  w o m a n  w i t h 
chondroblastoma in the tubular bone (t ib ia).  P la in radiographs 
of the knee in (a) anteroposter ior and (b) latera l v iews show a 
par t ia l ly i l l -def ined, lobulated, osteoly t ic lesion (with a par t ia l ly 
sclerotic border) involving the proximal tibia, with extension to the 
subar ticular bone superior ly. Slight expansion beyond the normal 
contour of bone is obser ved on the latera l  (b lack ar rows) and  
medial (white arrows) sides, with solid and lamellated per iosteal 
reaction. Thick trabeculation is also detected (arrowheads).

1a 1b

F i g .  2  R a d i o l o g i c a l  f i n d i n g s  i n  a  2 6 - y e a r - o l d  m a n  w i t h  
chondroblastoma in the non-tubular bone (talus). Plain radiographs 
of  the ank le in (a) anteroposter ior and (b) latera l  v iews show 
a  we l l - de f ine d ,  l ob u la te d ,  os te o l y t i c  expa nd ing  l e s ion (w i th 
a par t ia l l y  sc le rot ic  border)  invo l v ing a lmost the ent i re t a lus 
(b lack ar rows indicate the border of the les ion). Note the th in 
(black ar rowheads) and thick (white ar rowheads) trabeculat ion. 
No per iostea l  reac t ion is seen even though there is expansion  
beyond the normal contour of the bone (white ar rows). (c) Fat-
suppressed T2-W MR imaging in sagit ta l plane (corresponding to 
the lateral radiograph) shows a lesion (white arrows) containing 
cys t ic change prot ruding anter io r l y,  w i th ev idence of  inte rna l  
bleeding locules.
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destruction and did not involve the adjacent joints. Table I shows 

the results of other variables.

 On univariate analysis, lesions in NTBs were found in 

significantly older patients when compared to lesions in tubular 

bones (mean age, 23.9 years vs. 16.4 years; p < 0.001). No  

gender-based differences with regard to incidence were found 

in our patients. CB with well-defined margins were detected 

in 92% of NTB lesions vs. 56% of tubular bone lesions, while  

partially ill-defined margins were present in 8% of NTB lesions 

vs. 44% of tubular bone lesions (p < 0.05). Short transition 

zones were observed in > 90% of all lesions (p = 1.000). 

Lobulation was found in nearly 30% of lesions in both NTBs and 

tubular bones (p = 1.000). Calcification of CB was observed in  

approximately 54% of NTB lesions and 67% of tubular bone 

lesions (p = 0.710). Overall, trabeculation was present in  

about 84% of lesions. Thin trabeculation was found more often 

in NTB lesions (77%) than in tubular bones (17%), whereas thick 

trabeculation was more common in lesions in tubular bones  

(61%) than in NTBs (15%) (p < 0.01). Trabeculation was absent in 

8% of NTB lesions and 22% of lesions in tubular bone. Cortical 

destruction was more common in tubular bones (44%) than in  

NTBs (23%) (p = 0.275). Periosteal reaction was found only 

in tubular bones (p = 0.058). Soft tissue involvement was 

more frequently seen in tubular bones (50%) than NTBs (8%)  

(p = 0.020). Fractures (n = 2) were observed only in the tubular  

bones (humeri; 11%).

 On multivariate analysis, age was found to be significantly 

associated with type of bone involvement. An increase in age 

by one year reduced the risk of having tubular bone involvement 

by about 27% (adjusted odds ratio [OR] 0.73, 95% confidence  

interval [CI] 0.58–0.93; p = 0.011) when compared with NTB 

lesions (Table II). After age adjustment, the type of trabeculation 

did not show any significant relationship with the type of bone 

involvement. Based on radiological findings (without age 

adjustment), thin trabeculation was found to be significantly 

correlated with NTBs (p = 0.046) and thick trabeculation showed 

weak association with CB in tubular bones, although no statistical 

significance was found (Table III). Although on univariate  

analysis, soft tissue involvement showed significant correlation 

with CB in tubular bones, the association was not significant on 

multivariate analysis (p = 0.185; data not shown). With respect to 

the occurrence of ICS/ABC on CT/MR imaging and histological 

evaluations, there was no significant difference between lesions  

in NTBs and those in tubular bones (Table I).

Variable No. (%) p-value

Non-tubular 
bone (n = 13)

Tubular bone 
(n = 18)

Age* (yrs) 23.9 ± 4.4 16.4 ± 5.5 0.0005‡
Gender

Female 4 (30.8) 11 (61.1) 0.191
Male 8 (61.5) 7 (38.9)
Unknown† 1 (7.7) 0

Size* (cm)
Anteroposterior 4.0 ± 1.7 3.8 ± 1.5 0.6891§

Transverse 3.8 ± 1.9 3.6 ± 1.2 0.6573§

Vertical 3.5 ± 2.1 4.7 ± 2.2 0.1530§

Margin
Well-defined 12 (92.3) 10 (55.6) 0.045‡
Partially ill-defined 1 (7.7) 8 (44.4)
Ill-defined 0 0

Transition zone
Short 12 (92.3) 17 (94.4) 1.000
Wide 1 (7.7) 1 (5.6)

Border
No 6 (46.1) 7 (38.9) 0.724
Partial 7 (53.9) 9 (50.0)
Sclerotic 0 2 (11.1)

Lobulation
No 9 (69.2) 13 (72.2) 1.000
Yes 4 (30.8) 5 (27.8)

Calcification
No 6 (46.1) 6 (33.3) 0.710
Yes 7 (53.9) 12 (66.7)

Trabeculation
No 1 (7.7) 4 (22.2) 0.004‡
Thin 10 (76.9) 3 (16.7)
Thick 2 (15.4) 11 (61.1)

Variable No. (%) p-value

Non-tubular 
bone (n = 13)

Tubular bone 
(n = 18)

Cortical expansion
No 11 (84.6) 14 (77.8) 1.000
Yes 2 (15.4) 4 (22.2)

Cortical destruction
No 10 (76.9) 10 (55.6) 0.275
Yes 3 (23.1) 8 (44.4)

Periosteal reaction
No 13 (100) 13 (72.2) 0.058
Yes 0 5 (27.8)

Type
Solid 0 0 0.120
Lamellate 0 4 (22.2)
Codman 0 1 (5.6)
Sunray 0 0

Soft tissue 
involvement¶

No 12 (92.3) 9 (50.0) 0.020‡
Yes 1 (7.7) 9 (50.0)

Fracture
No 13 (100) 16 (88.9) 0.497
Yes 0 2 (11.1)

ICS/ABC on CT/
MR imaging
No 0 5 (27.8) 0.085
Yes 3 (23.1) 5 (27.8)
No CT/MR imaging 10 (76.9) 8 (44.4)

ICS/ABC on histology
No 2 (15.4) 5 (27.8) 0.639
Yes 3 (23.1) 5 (27.8)
Not available 
for review

8 (66.5) 8 (44.4)

Table I. Univariate analysis of variables based on type of bone involvement in chondroblastoma.

*Data expressed as mean ± standard deviation. †Not clear from old radiograph. ‡p < 0.05 was statistically significant. §Unpaired t-test. ¶As determined by the  
best available modality.
ABC: aneurysmal bone cyst; CT: computed tomography; ICS: internal cystic space; MR: magnetic resonance
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 Analysis of correlation between the radiological size of 

the tumour (in the anteroposterior, transverse and vertical 

dimensions) and the size of ICS/ABC on CT/MR imaging showed 

correlation coefficients of 10.25, 10.17, and 6.49, respectively. 

This implied a correlation between increasing ICS/ABC size on 

CT/MR imaging and increasing radiological size of tumour in  

each dimension, although this association was not found to be  

statistically significant (Table IV). No correlations were found 

between ICS/ABC on CT/MR imaging and trabeculation  

(p = 0.755; Table V), ICS/ABC on histology and trabeculation  

(p = 0.413; Table VI), or ICS/ABC on histology and ICS/ABC on 

CT/MR imaging (p = 0.190; Table VI). However, the presence of 

ICS/ABC on histology was associated with an increased risk of  

ICS/ABC, detected on CT/MR imaging (OR 15.0, 95% CI  

0.66–339.55; p = 0.089; Table VII).

DISCUSSION
We found that the incidence of NTB involvement in patients 

with CB was significantly higher in older patients (mean age  

24 years) than in patients with tubular bone involvement (mean 

age 16 years). This finding is in agreement with Bloem and  

Mulder’s study of 104 patients with CB, which reported that 

patients with tumours located in flat or short tubular bones were 

older (mean age 28 years) than those with tumours in the long 

bones (mean age 16 years).(29) Similar observations were made 

by Ramappa et al,(30) although the authors did not investigate 

this aspect in detail. Multivariate analysis in our study also 

revealed that age was significantly associated with the type of 

bone involvement. An increase in age by one year was found to 

be associated with a reduced risk of tubular bone involvement 

by nearly 27% compared to lesions in NTBs. It is likely that this  

finding is related to the closure of the epiphyseal plate with 

increasing age.

 In our study, the key radiological difference between 

CB lesions in NTBs and those in tubular bones was that thin  

trabeculation was more commonly found in NTBs than in 

tubular bones. Also, there was significant association between 

thin trabeculation and NTB involvement on both univariate 

and multivariate analyses. Reported to be rare in cases of CB,  

Lodwick et al(27) has previously suggested that trabeculation 

was an atypical feature in the diagnosis of CB. Nevertheless, 

Bloem and Mulder observed a higher incidence of trabeculation  

in flat bones (67%) than in long bones (53%).(29) Our results,  

although not identical to Bloem and Mulder’s, likewise revealed 

a higher incidence of trabeculation in CB lesions of NTBs and 

tubular bones. Overall, trabeculation was found in 84% of lesions,  

affecting 92% and 78% of lesions in NTBs and tubular bones, 

respectively. In our cohort of patients, NTB lesions were 

significantly associated with thin trabeculation (77%), whereas 

Tab le IV.  Cor re lat ion between the imag ing s i ze of  
chondroblastoma  and internal cystic space/aneurysmal  
bone cyst.

Size Correlation coefficient 
(95% CI)

Standard 
error

p-value

Anteroposterior 10.25  (−16.90 to 37.47) 11.12 0.392

Transverse 10.17  (−13.58 to 33.91) 9.70 0.335

Vertical 6.49  (−10.08 to 23.05) 6.77 0.375

CI: confidence interval

Table V. Relationship between internal cystic space (ICS)/
aneur ysmal bone cyst (ABC) on CT/MR imaging and  
trabeculation.

Trabeculation No. of cases with ICS/ABC 
on CT/MR imaging (%)

p-value*

No Yes

No 2 (40.0) 1(12.5) 0.755

Thin 1 (20.0) 2 (25.0)

Thick 2 (40.0) 5 (62.5)

*Fisher exact test. CT: computed tomography; MR: magnetic resonance

Table VI. Factors related to internal cystic space (ICS)/
aneurysmal bone cyst (ABC) on histology.

Variable No. of cases with ICS/ABC  
on histology (%)

p-value*

No Yes

Trabeculation
No 2 (28.6) 1 (12.5) 0.413
Thin 1 (14.3) 4 (50.0)
Thick 4 (57.1) 3 (37.5)

ICS/ABC on 
CT/MR imaging

No 3 (75.0) 1 (16.7) 0.190
Yes 1 (25.0) 5 (83.3)

*Fisher exact test. CT: computed tomography; MR: magnetic resonance

Table II. Results of multivariate analysis of parameters based 
on tubular bone involvement.

Variable Adjusted OR 
(95% CI)

Standard 
error

p-value

Age 0.73 (0.58–0.93) 0.09 0.011†
Trabeculation*

Thin 0.12 (0.04–3.41) 0.21 0.217
Thick 4.67 (0.12–168.9) 8.55 0.400

*Reference group – no trabeculation. †p < 0.05 was statistically significant.
CI: confidence interval; OR: odds ratio

Table I I I . Results of multivariate analysis focused on  
radiological findings and tubular bone involvement.

Trabeculation* OR (95% CI) Standard 
error

p-value

Thin 0.75  (0.01–0.95) 0.10 0.046†
Thick 1.37  (0.10–19.64) 1.87 0.814

*Reference group – no trabeculation. †p < 0.05 was statistically significant.
CI: confidence interval; OR: odds ratio

Table VII. Odds ratio of internal cystic space (ICS)/aneurysmal 
bone cyst (ABC) on histology.

ICS/ABC on CT/
MR imaging

OR (95% CI) Standard 
error

p-value

No

Yes 15.0  (0.66–339.55) 23.87 0.089

CI: confidence interval; CT: computed tomography; MR: magnetic resonance; 
OR: odds ratio
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tubular bone lesions appeared to have a greater association with 

thick trabeculation (61%). To the authors’ knowledge, this is the  

first study that describes such an association.

 Aronsohn et al(10) found that 92% of CB lesions had distinct, 

well-defined margins throughout. The only lesion found to 

have a poorly defined margin was likely related to its large size  

(14 cm).(10) In our study, we found well-defined margins in 71% 

of the lesions (22/31). NTB lesions were associated with well-

defined margins (92%) in our patients. Tubular bone lesions,  

however, showed a higher frequency of partially ill-defined 

margins (44%) than NTB lesions (8%). These findings, which 

were statistically significant, concur with Bloem and Mulder’s 

findings that a majority of tumours had sharp margins, and that 

ill-defined margins were detected in some parts in 26% of long  

bone lesions.(29)

 In our study, periosteal reaction was found in 5 (16%) tubular 

bone lesions, with lamellated periosteal reaction being the most 

common (4/5). McLeod and Beabout,(26) and Aronsohn et al(10)  

reported that 10% of CB lesions exhibited dense periosteal  

reaction and coarse parallel lamination. Studying radiographic 

periostitis in CB, Brower et al reported a thick, solid or layered 

periosteal response in 53% of lesions in long bones, and in 15% 

of lesions located in other parts of the skeleton.(22) Our results also 

suggest that periosteal reaction has a greater association with CB 

in long bones than with CB in other types of bone (p = 0.058). 

Soft tissue involvement in our patients, which was evaluated  

from the best available imaging modality, was more frequently 

found in lesions of tubular bones than in NTBs, although this 

was not statistically significant on multivariate analysis. Other 

studies have suggested that periosteal reaction and soft tissue  

involvement (mainly soft tissue oedema), when present, are more 

easily detected by MR imaging than plain radiographs, and that 

they are the result of inflammatory reaction.(18,19,21,23) However,  

these reports did not mention any differences in periosteal  

reaction and soft tissue involvement between long bones and  

other types of bone.

 The talus (7/13) was the most commonly involved NTB in 

our study, possibly because the origination of benign, cartilage-

forming tumours is usually closely related to the growth of  

cartilage.(31,32) The talus is a bone uniquely different from others, 

as it grows by enchondral ossification within cartilage anlagen.(33) 

When ossification of the cartilage anlagen is complete, two-thirds 

of the talar surface would be covered by articular cartilage.(34,35) 

This may thus entail a higher likelihood of developing cartilage 

tumour in the talus than in other bones. While McLeod and 

Beabout found cortical expansion in more than half of the 72 

lesions in their study,(26) our results suggest that cortical expansion 

in NTBs (15%) was less common than in tubular bones (22%). 

Our findings are also contrary to those of Bloem and Mulder,  

who reported cortical expansion in 63% and 31% of flat and long 

bone lesions, respectively.(29) Similarly, although McLeod and 

Beabout reported areas of local cortical destruction in only 5 (7%)  

lesions in their study,(26) we found 11 out of 31 (35%) lesions 

with local cortical destruction among our patients, similar to the  

finding of 30% by Bloem and Mulder.(29) We also found that of 

the 11 lesions with local cortical destruction, only six had cortical 

expansion, suggesting that CB may be associated with cortical 

destruction not preceded by cortical expansion.

 Secondary ABC, considered a complication that can 

cause marked expansion and blowout features in CB, is seen  

pathologically in about 15%–20% of patients and is most  

common in the tarsal bones.(36) On imaging studies, particularly 

CT and MR imaging, it is difficult to differentiate between ICS 

and ABC, as blood may appear as simple fluid after haemolysis.  

ICS and ABC were therefore recorded as a single entity in our 

study. We found that the increasing radiological size of CB in 

each dimension was related to the increasing size of ICS/ABC 

detected on CT/MR imaging, although the association was not 

statistically significant. No correlations were found between 

ICS/ABC on CT/MR imaging and trabeculation, ICS/ABC on  

histology and trabeculation, and ICS/ABC on histology and ICS/

ABC on CT/MR imaging. Nonetheless, the presence of ICS/ABC 

on histology appeared to be linked with an increased likelihood  

of detecting ICS/ABC on CT/MR imaging.

 There are some limitations in this study. First, the statistical 

power of the study is limited by its small sample size. Second, 

as a retrospective study spanning 37 years, the data collected 

were not comprehensive and complete for all enrolled patients, 

as only plain radiographs were available for the earlier patients 

at the time of analysis. This shortcoming could limit the validity 

of our analysis in certain aspects, such as the presence of ICS 

or soft tissue involvement. Third, as three-dimensional imaging  

was not routinely performed, the sizes of the tumour and ICS 

in our patients were calculated based on two-dimensional  

measurements instead of volume. Therefore, it is possible that  

these results may not be as accurate or representative of the  

actual size of the lesions.

 In summary, we found that CB in NTBs occurred in patients 

who were significantly older than those with lesions in tubular 

bones. We also found that an increase of one year in age reduces 

the risk of tubular bone involvement by nearly 27% compared to 

NTBs. On imaging alone, CB in NTBs was significantly correlated 

with thin trabeculation, whereas lesions in tubular bones appeared 

to be associated with thick trabeculation. To our knowledge, no 

previous study in the literature has described such associations. 

NTB lesions were also more likely than tubular bones lesions to 

have well-defined margins without periosteal reaction.
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