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Abstract 

Background: The giant cell tumour of the bone has a spectrum of clinical -radiological presentation. This 
study aims to describe this varied presentation in our institution.  

Methods: This retrospective study was conducted on twenty-nine pathologically labelled cases of giant cell tumours 
of the bone. The medical records for their clinical presentation and diagnostic imaging studies were studied and 
evaluated. 

Results: Mean age of the patients at presentation was 35.3±12.9 years. Pain, local swelling and restricted joint 

function were seen in 93 %, 58.6 % and 52 % patients, respectively. The cortical breach was seen in 15 (51.7 %) 
and 22 (75.9 %) lesions on plain radiographs and CT images, respectively.  14(48.3 %) cases had soft tissue 
invasion on MRI at presentation. 26 (89.7 %) lesions were located within 1 cm from the articular cartilage. The solid 
tumour component was hypo to iso-intense in signal intensity in 27 (93.1 %) lesions in T1 weighted and 21 (72.4 %) 
in T2 weighted images. 14 (48.3 %) had hyperintense cystic areas, and fluid-fluid levels, suggestive of aneurysmal 
bone cysts, were seen in 4 (13.8 %) cases on T2 weighted images. Hypo-echoic nodular areas in solid tumour 
component, suggestive of hemosiderin deposits, were present in 3 (10.3 %) lesions on T1 and T2 weighted images. 

Conclusion: The tumour classically presents as an epiphysial-metaphyseal, eccentric, expansile, lytic lesion in 
a skeletally mature patient. The MRI picture is variable and the surgeon should have a sound knowledge of these 
variations to obtain a biopsy sample from a proper site of the lesion and to avoid misdiagnosis especially of a 
primary ABC. 

        Level of evidence: IV 
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Introduction

 iant cell tumour of bone (GCTB) is a common 
bone pathology which constitutes around 20 % 
of the benign bone tumours. (1) It differs from 
other benign bone neoplasms in its local 

aggressiveness. Along with chondroblastomas, it is the 
only benign bone tumour that can have distant metastasis 
with a reported incidence of 1 to 9 %. (2) Not only does 
its biological behaviour, which ranges from a latent 

benign to a highly recurrent and occasionally of 
metastatic potential, but also does its radiological picture 
present high variability.  It may present radiologically as 
a spectrum from a well-defined geographic lesion to a 
locally aggressive lesion which destroys the bone. (3) In 
this article, we discuss the clinical presentation and 
imaging features of the GCTB in a series of patients 
evaluated at our centre. 
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Materials and Methods 
 This retrospective study was conducted on the 

patients, with a histopathological diagnosis of giant cell 
tumour of the bone, that attended our institution from 
2015 to 2019. The medical records and the imaging 
studies which included plain radiographs, CT scan, MRI 
scan of the pathologic bone and chest radiographs of 
these patients, were evaluated. A total of 36 patients 
were identified.  Seven patients were excluded because 
of incomplete records or incomplete imaging studies.  
29 patients qualified for this study. The demographic 
and clinical details of the patients which included age, 
sex, laterality, bone involved, and presenting 
symptom(s) were recorded. The imaging studies were 
read by a single senior radiologist and the following 
radiological parameters were recorded: region(s) of the 
bone involved by the tumour (epiphyseal, metaphyseal, 
diaphyseal or a combination of these); relation of long 
axis of tumor with the long axis of the bone (eccentric 
or centric); presence of cortical expansion or expansile 
remodelling; cortical erosion or scalloping; breach in 
the cortex; Campanacci grade (Grade 1, 2 or 3); nature 
of the transition zone of the lesion (narrow or wide), 
type of bone lesion (geographic, permeative or moth 
eaten); presence of sclerotic rim in geographic lesions 
(no rim, fine hairline or thick sclerotic rim); presence or 
absence of pseudo trabeculations (honey comb or soap 
bubble appearance of the lesion); associated 
pathological fracture at the tumor site; soft tissue 
extension of the lesion; change in the contour of the 
articular surface; invasion of the joint by the tumor; 
minimum distance between the tumor margin and the 
articular cartilage (≤ 5mm, 5 to 10 mm or >10 mm); 
signal intensity of the tumor (solid component) on T1 
weighted and T2 weighted images (hypo, iso or hyper-
intense); homogenous or heterogeneous signal 
intensity; presence or absence of cystic components and 
fluid-fluid levels suggestive of secondary anurysmal 
bone cysts (SABC) on T2 weighted images; features of 
hemosiderin deposition on MRI; and presence of 
pulmonary metastasis. The collected data were 
analysed by using SPSS software, version 22.0, for 
Windows (SPSS, Chicago, IL, USA). Continuous variables 
were expressed as mean ± SD (standard deviation) with 
its respective range. Nominal and ordinal variables 
were expressed as proportions. 

Results 

The age of the patients ranged from 18 to 65 years with a 
mean of 35.3 ± 12.9 years. The majority of the patients (n 
= 16, 55.1 %) were in their third and fourth decade of their 
life. 79.3 % (n = 23) patients were in the age group of 21 to 
50 years. Females were slightly affected more with a male 
to female ratio of 1:1.2. The left side was involved more 
commonly than the right side with a ratio of 1.9:1. The 
most common site of location was the proximal tibia (31 
%, n=9) followed by the distal femur (17.2 %, n=5), distal 
radius (10.3 %, n=3), pelvis (10.3 %, n=3), proximal 
humerus (6.9 %, n=2), and the distal ulna (6.9 %, n=2). The 
distal tibia, proximal femur, distal humerus, proximal 

fibula and talus were involved, one patient each (3.4 %). 
Hence, the long bones were involved in 86.2 % (n = 25) 
patients, flat bones in 10.3 % (n=3) and the small bones of 
the hand and feet in only 3.4 % (n=1) cases. The pain was 
the major symptom (93 %, n=27) followed by the local 
swelling (58.6 %, n=17). 52 % (n=15) of patients had some 
degree of restriction of the adjacent joint function (Table 1). 

The most common site of the long bones involved was the 
epiphyseal-metaphyseal (44 %, n=11) and metaphyseal-
epiphyseal (44 %, n=11) region. Epiphyseal-metaphyseal-
diaphyseal involvement was seen in two (8 %) patients and 
pure metaphyseal in only one (4%) patient. In the long 
bones, most of the lesions (64 % n= 16) had an eccentric 
location and the remaining 36 %(n=9) lesions were centric 
(Figure 1a, 1b). Cortical expansion or expansile remodelling 
was seen in 65.5 % (n = 19) patients while as all had cortical 
thinning or scalloping (Figure 1c, 1d). On simple 
radiographs, a breach in the cortex of the bone was 
demonstrable in 51.7 % (n = 15) of the lesions and this 
number increased to 75.9 % (n = 22) on examination of the 
CT scan images (Figure 1e, 1f).  

 

 
Figure 1. (a, b) Relation of tumour axis (white line) with the long 
axis of the bone (black line). (a) Centric lesion. (b) Eccentric 
lesion. (c) Expansile remodelling (arrow) of lateral condyle of the 
tibia. (d) Cortical thinning (stars) of the medial cortex. (e, f) GCT 
of the proximal tibia. (e) Radiograph showing lytic lesion 
(arrows) in metaphysis with intact cortices. (f) CT axial and 
sagittal cut sections showing breach in the anterior cortex (star) 
with soft tissue extension (arrow). 
 

The Campanacci grading was based purely on the simple 
radiographs and 51.7 % (n = 15) were grade 3 lesions while 
the remaining 48.3 % (n=14) were grade 2 with no grade 1 
lesions seen in our series. 76 % (n=22) of the lesions had a 
narrow zone of transition (geographic lesions) on 
radiographs. 59 % (n =13) of the geographic lesions had a 
poorly appreciable fine hairline like sclerotic rim at the 
transition zone, 22.7 % (n = 5) had well demonstrable 
sclerotic rim while 18.2 % (n = 4) had no such sclerotic rim 
at the transition (Figure 2a, 2b, 2c). 
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Figure 2. (a) Well defined sclerotic rim (white arrows). (b) 
Hardly visible fine hairline (black arrows) like sclerosis. (c) 
Well marked demarcation (white arrow) between normal bone 
and lesion but no sclerotic rim. (d) Permeative lesion with a 
wide zone of transition (inside the rectangle). 

 
 24 % (n=7) were permeative lesions with a wide zone of 

transition (Figure 2d). Pseudo-trabeculations were seen on 
radiographs in part or whole of the lesion in 62.1 % of the 
cases (n=18) (Figure 3a). Three (10.3 %) cases were 
complicated by a pathological fracture (Figure 3b; Table 1). 

  

 
Figure 3. (a) Expansile lesion with cortical scalloping and 
pseudo-trabeculation of the lytic lesion (soap bubble 
appearance). (b) GCT of the proximal tibia with associated 
pathological fracture. 
 

Table1. Radiological features 
Parameter Frequency 
Location in long 

bones (n = 25) 

Epiphyseal-metaphyseal 44 % (n = 11) 

Metaphyseal-epiphyseal 44 % (n = 11) 

Epiphyseal-metaphyseal-
diaphyseal 

8 % (n = 2) 

Metaphyseal 4 % (n = 1) 

Centricity in 
long bones (n = 

25) 

Centric 36 % (n =9) 
Eccentric 64 % (n = 16) 

Cortical expansion 65.5 % (n = 19) 

Cortical breach On plain radiograph 51.7 % (n = 15) 

On computed tomography 75.9 % (n = 22) 
Campanacci 

Grade 

Grade 1 0 % (n = 0) 

Grade 2 51.7 % (n = 15) 

Grade 3 48.3 % (n = 14) 
Type of lesion Geographic Hairline 

sclerotic rim 

44.8 % (n = 13) 

Thick 
sclerotic rim 

17.2 % (n = 5) 

No sclerotic 

rim 

13.8 % (n =4) 

Moth-eaten / Permeative 24.1 % (n = 7) 

Pseudo-trabeculations 62.1 % (n = 18) 

Pathological fracture 10.3 % (n = 3) 
Soft tissue extension 48.3 % (n = 14) 

Joint Distorted articular cartilage 34.5 % (n = 10) 

involvement Joint infiltration 13.8 % (n = 4) 

Relation of 

tumour margin 
with subchondral 

bone  

≤ 5mm 89.7 % (n = 26) 

5 -10 mm 13.8 % (n = 4) 

> 10mm 6.9 % (n = 2) 

MRI T1 imaging 
(solid tumor 

component) 

Hypo-intense 62.1 % (n = 18) 
Iso-intense 31.0 % (n = 9) 

Hyper-intense 6.9 % (n = 2) 

MRI T2 imaging 
(solid tumour 

component) 

Hypo-intense 69.0 % (n = 20) 
Iso-intense 3.4 % (n = 1) 

Hyper-intense 27.6 % (n = 8) 

Cystic components 48.3 % (n = 14) 
Fluid-fluid levels (Secondary ABC) 13.8 % (n = 4) 

Hemosiderin deposits 10.3 % (n = 3) 

   ABC: Aneurysmal Bone Cyst 
 

Some degree of soft-tissue extension was demonstrable 
on the MRI images in about 48.3 % (n=14) of the lesions 
(Figure 4a).  

 

 
Figure 4. (a) Axial and coronal MRI sections showing soft tissue 
invasion (black stars) of GCT through a breach in the anterior 
cortex of the tibia. (b) MR axial cut section of GCT of lateral 
femoral condyle showing the distorted contour of patella-
femoral joint (arrow). (c) GCT proximal tibia with depression 
(arrow) of part of the lateral tibial articular surface. (d, e) GCT of 
the distal radius. (d) MRI showing tumour invasion of soft tissue 
and wrist joint. (e) Clinical picture showing tumour mass at the 
radial styloid. 
 
The contour of the articular cartilage was distorted in 34.5 

% (n=10) of the cases, with joint infiltration by the tumour 
seen in 13.8 % (n =4) cases only (Figure 4b, 4c, 4d, 4e). On 
MRI, the tumour margin was within 5 mm range from the 
articular cartilage in 89.7 % (n =26), within 5 to 10 mm in 
13.8 % (n = 1) and within ≥ 10 mm range in 6.9 % (n =2) of 
the lesions. Overall, 89.7 % of the lesions were within 1 cm 
range from the articular cartilage. The signal intensity of the 
lesion on T1 weighted image was hypo-intense in 62.1 % (n 
= 18), iso-intense in 31 % (n = 31 %) and hyper-intense in 6.9 
% (n = 2) of the cases (Fig. 5a). However, on T2 weighted 
imaging, 51.7 % (n=15) of the lesions had homogenous 
intensity while the rest had heterogeneous signal intensity. 
The solid component of the lesion was hypo-intense in 69 % 
(n = 20) lesions, hyper-intense in 27.6 % (n = 8) and iso-
intense in only one lesion on T2-weighted imaging (Figure 
5b). Hyper-intense cystic components were seen in 48.3% 
(n=14) of the lesions on T2 weighted images (Figure 5c).  



(63) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 10. NUMBER 1. January 2022  

 

RADIOLOGICAL SPECTRUM OF GCT OF BONE 

Four patients (13.8 %) had demonstrable fluid-fluid levels 
suggestive of secondary ABCs on T2 weighted images 
(Figure 6a, 6b).  Demonstrable hemosiderin deposits seen 
as hypoechoic areas with much lower signal intensity than 
solid tumour component were seen in 3 lesions (10.3 %) 
(Figure 6c, 6d; Table 1).  Metastasis of the tumour to lungs 
was seen on plain chest radiographs at the presentation in 
two cases (6.9 %) (Figure 7a, 7b; Table 1).  

 

 
Figure 5. (a, b) Coronal cut MRI images showing GCT of the lateral 
tibial condyle. (a) T1 weighted image showing iso-intense signal 
of the lesion with respect to the muscle. (b) T2 weighted image 
showing hyper-intense signal of the lesion. (c) Sagittal cut section 
MRI (T2 image) with a heterogeneous signal with predominant 
hyper-intense cystic lesions. 

 

 
Figure 6. (a, b) GCT of the proximal tibia. (a) Iso-intense signal (star) on 
T1. (b) T2 weighted cross-sectional image showing heterogeneous 
signal intensity with multiple cysts and fluid-fluid levels (black arrow). 
(c, d) MR sagittal cut sections of GCT of the proximal tibia. (c) T1 
weighted image with hypoechoic nodular lesions (star) suggestive of 
hemosiderin deposits. (d) T2 weighted image with similar hypoechoic 
nodular lesions of hemosiderin deposits.  

Figure 7. (a, b) GCT of the distal ulna with lung metastasis at 

presentation. (a) Radiograph showing destruction of the distal half 

of ulna with diverging cortices (black arrows) suggestive of an 

expansile lesion. (b) Metastatic lung nodule (black star).  

 

Discussion 
GCTB has been defined as a locally aggressive benign bone 

tumour, histologically characterised by a vascular stroma 
containing oval or spindle-shaped mononuclear neoplastic 
cells with a uniformly distributed multi-nucleated giant 
cells. (4) The multi-nucleate giant cells resemble osteoclasts 
and contain various enzymes and are responsible for the 
bone resorption in GCTB. (2) GCTB is a tumour of young 
adults who have achieved skeletal maturity and more than 
half of the cases are in their third and fourth decade as was 
observed in our series, with 55.1 % patients (n=16) in the 
third and fourth decade of their life. (2, 5) As per the 
published literature, 80 % of the lesions occur between 20 
to 55 years of age which is comparable to our 79.3 % in 20 
to 50 year age group. (1) GCTB is a rare diagnosis in 
skeletally immature patients with less than 3 % cases 
reported in patients below age of 14years. (6) A slight 
predilection for females has been seen in our series as in the 
world literature with reported male to female ratio ranging 
from 1:1.1 to 1:1.5. (1) The knee is the most common site 
accounting for 50 to 65 % of the cases. 51.6 % (n=15) of our 
lesions were around the knee joint. The distal femur (23 to 
30 %) is the most common individual location followed by 
proximal tibia (20 to 25 %) and distal radius (10 to 12 %). 
(1) In our case, the proximal tibia was the most common 
site involved followed by the distal femur and distal radius. 
Comunoglu N et al also in their series of 120 specimens had 
proximal tibia as the most predominant involved site. (7) 
Up to 15 % of cases have been reported to involve flat bones 
like pelvis, scapula, ribs and calvaria. Spine, small bones of 
hand and feet, and patella are atypical sites for GCTB and 
when involved multi-centric involvement and associated 
Paget’s disease need to be ruled out. (1, 8) We did not have 
any atypical site of involvement except for one case 
involving talus.  

Symptoms of GCTB are nonspecific with pain and local 
swelling being the most common presentation, seen in 86 
% of the patients. (9) Pain is due to mechanical insufficiency 
resulting from bone destruction. Local swelling may result 
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from the expansion of the bone or due to soft-tissue 
extension of the tumour mass through a cortical breach. 
Interference with the adjacent joint function is a 
presentation because of juxta-articular nature of the 
pathology. (2) Presentation with acute onset pain is a 
feature of pathological fracture that was present in 10.3 % 
of our cases (n=3) and as per the published literature, the 
incidence of pathological fracture ranges from 10 to 35 %, 
especially in the weight-bearing bones of the lower 
extremity (10, 11).  

Classically the lytic lesion has a metaphyseal-epiphyseal 
location. Historically it was believed to arise from the 
epiphysis, but recent literature supports its origin from the 
metaphyseal side of the growth plate and as the physis 
closes at the maturity the lesion grows towards the 
epiphysis and sub-chondral bone. Cases of GCTB 
presenting before maturity have been reported in the 
literature and such lesions are always metaphyseal 
because the growth plate acts as a barrier to tumour 
expansion towards the epiphysis. (12, 13, 14) We had one 
case of a metaphyseal GCT where the tumour was abutting 
the physis scar in an adolescent female. Diaphyseal 
involvement suggests long-lasting disease in younger 
patients that has involved the diaphysis after presenting in 
the metaphysis. This was seen in two of our cases. GCTB 
has an eccentric origin but as the tumour grows it becomes 
centric involving the whole of the metaphysis and 
epiphysis. 42 to 93 % of the lesions present at the stage 
when they are eccentric. (3) In our case, 64 % of lesions 
(n=16) were eccentric at presentation. Expansile 
remodelling is reported in the literature to affect 47 to 60 
% of the lesions. This has been seen in 65.5 % of the lesions 
in our study (n=19), with cortical scalloping or thinning 
affecting all of our cases. Cortical penetration or a breach 
has been demonstrated in 33 to 55% lesions at the time of 
presentation. (3) The cortical breach was appreciable in 
51.7 % (n=15) of the lesion on plain radiographs and the 
same increased to 75.9 % with the use of CT images in our 
series. This high incidence of cortical expansion, cortical 
thinning and cortical breach in our study may be related to 
the fact that all the cases in our group were of either 
Campanacci grade 2 or grade 3. Radiologically GCTB 
shows the geographic type of bone destruction, with a 
clear distinction and narrow transition zone between the 
lesion and the normal bone. The sclerotic rim at the 
periphery is characteristically absent and there are 
reports stating that it is seen in only 1 to 2 % cases. (3) But 
some say a certain amount of sclerosis at the rim is not 
infrequent and incidence may be as high as 20 % on CT 
imaging.(3) In our series a definitive sclerotic rim was 
present in about 17.2 % lesions (n=5) on simple 
radiographs. A fine hair-like rim which is difficult to 
appreciate was seen in 44.8 % (n=13). For this reason, we 
have divided the transition zone in GCTB as fine hairline 
like sclerosis, definitive sclerotic rim, absent sclerosis but 
well-defined margin and absent sclerosis with wide 
transition zone which is suggestive of permeation and 
aggressive nature. Therefore, the more sclerosis, the less is 
the local aggressive behaviour of GCTB. Aggressive lesions 
with a wide transition zone constitute 10 to 20 % of the 
cases. (3) 24 % of our cases (n=7) were aggressive with a 
wide zone of transition.  Scalloping effect of the lobular 
mass creates ridges on the endosteal surface of the cortex 

which is seen as fine or coarse pseudo-trabeculations and 
gives the lesion honeycombed or a soap bubble appearance. 
(15, 16) This may be absent in more aggressive tumours 
where there is rapid destruction of the cortex. Pseudo-
trabeculations are seen in 33 to 57 % of the lesions. (3) In 
our series, 62.1 % of the lesions had these pseudo-
trabeculations present in part or whole of the lesion on 
plain radiographs.  

MRI is a useful tool and gives better delineation of intra-
osseous and extraosseous limits of the lesion. Soft-tissue or 
extra-osseous invasion has been reported to be present in 
33 to 44 % patients at the presentation. (17) 48.3 % of our 
cases (n=14) had some degree of soft-tissue extension on 
MRI images. Nothing has been mentioned in the literature 
about the change in the contour of the articular cartilage 
due to expansile nature of the lesion and due to loss of the 
underlying bony support. When such cartilage, with a weak 
underlying subchondral bone, is subjected to stress 
especially in the weight-bearing bones of the lower limb, 
the cartilage tends to deform over a course of time. Such 
deformed articular cartilage was seen in 34.5 % of our cases 
(n=10). 84 to 99 % of the lesions usually extend to within 1 
cm of the sub-articular bone. (18) In our study, 89.7 % of 
lesions (n=26) were within 5 mm and 93 % (n=27) within 
1 cm of the sub-chondral margin. The articular cartilage and 
underlying subchondral bone are usually resistant to 
tumour invasion and the articular cartilage is usually 
preserved till late in the disease. (2, 19) This phenomenon 
has made it possible to salvage the joints even in advanced 
stages of the disease.  However, close proximity to the joint 
as it occurs in the distal radius may affect the ability to 
perform an appropriate excision and curettage which 
translates in higher recurrence rates. (20). 

The MRI findings depicting the lesion are non-specific. (8) 
The consensus is that solid tumour component in the 
majority of the lesions is hypo to iso-intense in signal 
intensity with respect to the muscle in both T1 and T2 
weighted images. But lesion as a whole may demonstrate 
heterogeneous signal intensity on T2 weighted images. (21) 
48. 3 % of the lesions (n=14) were of heterogeneous signal 
intensity on T2 images in our series. The solid component 
was hypo to iso-intense on T1 weighted sequence in 93.1 % 
of our lesions (n=27) and 72.4 % (n=21) on T2 weighted 
sequence. This low to intermediate signal intensity in the 
solid component of the lesion has been attributed to 
hemosiderin deposition, dense collagen matrix and high 
cellularity. (3, 21, 22) Long-standing cases of GCTB have a 
central area of necrosis, haemorrhage and cyst formation. 
(23) 48.3 % demonstrated cystic areas in at least some 
portion of the lesion on T2 sequence in our series (n=14). 
Areas showing fluid-fluid levels were seen in 13.8 % (n=4) 
of the lesions on T2 weighted images with a reported 
incidence of 10 to 14 % in the literature. Their presence is 
suggestive of secondary ABCs. (1, 24, 25) Pereira HM et al 
had a high incidence (53.4 %) of secondary ABC component 
in their series of 30 patients that was confirmed by 
histopathology.(9) Presence of secondary ABCs and cystic 
component on MRI has a clinical significance. Biopsy in 
GCTB should always be directed at the solid tumour 
component rather than cystic component, otherwise, the 
lesion may be misdiagnosed as a primary ABC rather than 
GCTB.  Besides GCTB associated with secondary ABCs are 
more aggressive. (1, 9) Intra-tumoral hemosiderin 
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deposition is a feature of GCTB, attributed to phagocytosis 
of extravasated red blood cells. This deposition is an 
important factor for varied MRI picture of GCTB. Hypo-
intensity, a feature of solid tumour component has been 
attributed to the presence of hemosiderin. Occasionally, 
these deposits are seen as nodular, whorled, zonal or 
diffuse hypoechoic areas in the solid tumour component. 
(21, 26, 27) We had such a picture of nodular hypoechoic 
lesions in only two (10.3 %) patients. Aoki J et al in their 
series of 10 patients had this phenomenon in 63 % cases. 
(27) However, further studies with a substantiated histo-
pathological demonstration of such deposits are 
warranted. 

GCTB is benign bone pathology with a spectrum of 
clinical-radiological presentation and classically presents 
as a epiphyseal-metaphyseal, eccentric, lytic lesion with 
pseudo-trabeculations, in a patient with closed physis 
growth plates. The MRI picture is variable from case to 
case and a surgeon should know these variations for 
taking a biopsy from the proper site of the lesion to 
prevent misdiagnosis. Association of secondary ABCs and 

hemosiderin deposition is variable and needs further 
studies with a histopathological correlation.  
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