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Objective: The majority of giant cell tumors of bone (GCTB) occur in adult patients, 
especially between the ages of 20 and 40. This study aims to investigate the imaging features 
of GCTBs in pediatric patients and compare their characteristics with adult cases.
Methods: Fifty-seven cases of patients aged 18 years old or younger were retrospectively 
analyzed, accounting for 12.8% of GCTBs in the First Affiliated Hospital of Zhengzhou 
University from 2001 to 2019. One hundred twenty-six adult patients (19 years of age and 
older) with GCTB occurring in long tubular bones were also included in this study. The 
following clinical information was identified from the medical records: age, sex, and follow- 
up data. Imaging features were reviewed by two musculoskeletal radiologists. Patient 
characteristics and imaging features between the two groups were compared.
Results: A total of 57 patients (32 females, 25 males) were included in the study. The 
patients’ ages ranged from 9 to 18 (median = 17 y). The majority of tumors occurred in 
tubular bones (n = 38, 66.7%) and the pelvis (n = 8, 14.0%). Imaging features were identified 
in GCTB cases occurring in the long tubular bones. Compared with adult GCTB patients, 
pediatric GCTB patients had a larger superior–inferior (SI) diameter (P = 0.005) and smaller 
left-to-right diameter/SI diameter ratio (P = 0.001). Epiphyseal involvement was relatively 
less common in pediatric patients with GCTBs than in adult patients (P = 0.009). The median 
age of patients without epiphyseal involvement was lower than the median age of patients 
with epiphyseal involvement (11 vs 17 y).
Conclusion: GCTB in the pediatric age group is rare. This study has found that, in pediatric 
patients with GCTBs, the epiphysis is relatively less involved, and the tumor is more likely 
to grow longitudinally. These findings are helpful in the diagnosis of GCTBs in the pediatric 
population.
Keywords: giant cell tumors of bone, pediatric, diagnosis, CT, magnetic resonance imaging

Introduction
Giant cell tumors of bone (GCTB) account for 4–7% of all primary bone tumors.1–3 

Although usually benign, GCTBs can be locally aggressive, with occasional malig-
nancy and even lung metastases. According to the fifth edition of the 2020 World 
Health Organization classification of soft tissue and bone tumors, a GCTB is 
defined as an intermediate tumor with a locally aggressive biological behavior, 
but with the potential for distant metastasis.4 GCTBs are most common in adults 
between the ages of 20 and 40.2,5,6 The epiphysis or epiphyseal equivalent of long 
bones is the most common involved anatomical site.2,4,7–11 GCTBs are very rare 
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below 18 years of age, with an incidence rate of 0.5– 
10.6% in Western countries, as previously reported in the 
literature.1,6,7

According to previous reports, epiphyses are not 
involved in any pediatric GCTB cases,5,11,12 which 
increases the difficulty of diagnosis. In addition, other 
lesions that commonly occur in this age group, such as 
chondroblastoma, osteosarcoma, and aneurysmal bone 
cysts, need to be differentiated from GCTBs.

At present, there are few reports focusing on the ima-
ging characteristics of GCTBs in children and adolescents, 
and those that do exist are mostly focused on individual 
cases. Other early published papers, which were limited by 
imaging techniques at that time, analyzed only X-ray 
features, excluding computed tomography (CT) and mag-
netic resonance imaging (MRI) manifestations.1,5,6,11–13 

To our knowledge, there have been no previous studies 
comparing GCTB imaging characteristics between chil-
dren and adults.

In the present study, 57 pediatric cases (18 years old or 
younger) of pathologically confirmed GCTBs are retro-
spectively analyzed. The purpose of this study is to ana-
lyze the imaging findings of pediatric GCTBs and compare 
their characteristics with those of adult GCTBs.

Materials and Methods
Patients
Between January 2001 and December 2019, a total of 445 
patients with histologically confirmed GCTBs were treated 
surgically at the First Affiliated Hospital of Zhengzhou 
University. Only cases with pathologically confirmed 
GCTBs and available imaging data were included in this 
study. Fifty-seven patients aged 18 or younger were retro-
spectively analyzed, and their clinical and radiological 
images were retrieved from the database of our hospital. 
In addition, 126 adult patients (aged 19 or older) with 
GCTBs occurring in long tubular bones were included in 
this study. All the patients in our study underwent radio-
graphy, CT, and/or MRI examination before treatment. 
Medical records were reviewed to obtain demographic 
information on the patients’ age, sex, and follow-up. This 
study was conducted in accordance with the declaration of 
Helsinki and approved by the Ethics Committee of the 
First Affiliated Hospital of Zhengzhou University. 
Written informed consent was obtained from the partici-
pants or the guardian of the participants.

Imaging Procedures
Patients routinely underwent anterior–posterior and lateral 
plain radiographs of the diseased region using several 
kinds of X-ray devices. CT scans were obtained using 
a 16-row (Siemens Medical Solutions, Erlangen, 
Germany) or 64-row (LightSpeed VCT, General Electric 
Medical Systems, Milwaukee, WI, USA) CT scanner. 
Bone and soft tissue windows and sagittal and coronal 
reconstruction images were performed to confirm observa-
tions. MRI examinations were performed with a 3.0T 
magnetic resonance (MR) scanner (Magnetom Skyra, 
Siemens Medical Solutions, Erlangen, Germany) with an 
appropriate surface coil or a joint coil. Axial, sagittal, and 
coronal images were obtained using the following 
sequences: turbo spin echo (TSE) T1-weighted imaging 
(T1WI), TSE T2-weighted imaging (T2WI), and TSE T2 

WI with fat suppression. Contrast-enhanced images were 
obtained using T1WI. The field of view, slice thickness, 
and interslice gap were determined by the location and 
size of the lesion.

Imaging Analysis
All the imaging manifestations were reviewed indepen-
dently by two musculoskeletal radiologists. When diag-
nostic outcomes were different, consensus was reached 
after discussion. The radiographic findings were identified, 
including location, skeletal maturity, tumor size, expansi-
bility, peripheral sclerotic rim, cortical bone destruction, 
periosteal reaction, soft tissue extension, cystic changes, 
fluid–fluid levels, and pathologic fracture.

Radiography and CT examination were more advanta-
geous for the observation of expansibility, the peripheral 
sclerotic rim, cortical bone destruction, periosteal reaction, 
and pathologic fracture, while MRI was sensitive to soft 
tissue extension, cystic changes, and fluid–fluid levels.

Tumor size was established on MR or CT imaging by 
considering its longest diameter. According to the afore-
mentioned imaging features, including expansibility, the 
peripheral sclerotic rim, cortical bone destruction, perios-
teal reaction, soft tissue extension, cystic changes, fluid– 
fluid levels, and pathologic fracture, GCTBs were classi-
fied into positive and negative groups.

Pathology
Histological slides obtained from the curettage and resec-
tion specimens of the pediatric and adult GCTB patients in 
this study were reviewed by bone pathologists to confirm 
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the diagnosis. When histologic features were atypical, 
immunohistochemistry (IHC) was used to further confirm 
the diagnosis of the sections, including the RANKL, 
RANK, VEGF, MMP-9, and Ki-67 protein expressions. 
H3F3A and H3F3B mutation analyses were also applied to 
further confirm the diagnosis when necessary.

Treatment
None of the patients had undergone other treatment before 
surgery. Patients underwent intralesional curettage or en- 
bloc resection by senior orthopedic surgeons.

Statistical Analysis
Patient characteristics and imaging features were presented 
as absolute numbers and percentages or as mean ± standard 
deviation. A chi-square test or Fisher’s exact test was used to 
compare the composition ratio of patient characteristics and 
tumor imaging features between the pediatric patient group 
and the adult patient group. A t-test was performed to 
compare the differences in tumor length between the two 
groups, including left-to-right (LR) diameter, superior–infer-
ior (SI) diameter, and LR diameter/SI diameter. Statistical 
analyses were performed using SPSS software (IBM SPSS 
Statistics for Windows, Version 22.0, IBM Corporation, 
Armonk, USA). All statistical tests were two-sided, with 
P < 0.05 considered as statistically significant.

Results
Clinical Features
Of the 445 patients with GCTBs, 57 under the age of 18 
were identified, an incidence of 12.8%. Of these patients, 
32 (56.0%) were girls and 25 (44.0%) were boys, with 
ages ranging from 9 to 18 (median = 17 y). Anatomical 
sites included the long tubular bones (n = 34, 59.6%, 13 
cases in the tibia, 7 cases in the femur, 7 cases in the 
radius, 5 cases in the fibula, 2 cases in the humerus); the 
short tubular bones (n = 4, 7.0%, 2 cases in the metacarpal, 
1 case in the phalanx, 1 case in the metatarsus); the 
vertebral body (n = 2, 3.5%, 1 case in the cervical spine, 
1 case in the lumbar spine); the pelvis (n = 8, 14.0%, 6 
cases in the sacrum, 1 case in the acetabulum, 1 case in the 
ischium); the patella (n = 4, 7.0%); and one each (1.8%) in 
the femoral head, sternum, scapula, and calcaneus. One 
patient (1.8%), an 18-year-old girl, had multifocal disease 
with involvement of the proximal and distal tibia, distal 
femur, and talus. The age distribution is shown in Figure 1, 
and the location distribution is summarized in Table 1.

In addition, 126 adult patients with GCTBs occurring 
in long tubular bones were included in this study (60 
women and 66 men, average age of 34, age range of 18– 
64, median age of 29). Radiological images were available 
for review in all of the adult cases.

Radiological Findings
Imaging Features
Most pediatric GCTB cases were located in the long tubular 
bones (n = 34, 59.6%). These were good anatomical sites for 
observing tumor locations (eg, epiphysis or metaphysis), so 
our study chose mainly GCTB cases occurring in the long 
tubular bones to analyze imaging features.

All 34 pediatric GCTBs located in the long tubular 
bones underwent radiography and plain CT scans before 
treatment or intervention, of which 30 received contrast- 
enhanced CT. MRI was performed on 21 patients, of 
which 15 underwent contrast-enhanced scanning.

The most common sites of the lesions were the tibia, 
femur, and radius (Table 1). All 34 GCTBs located in the 
long tubular bones showed an osteolytic pattern of destruc-
tion of the bone, with a narrow zone of transition or 
sclerotic margin. Various degrees of bone expansion were 
present in most patients. Some cases demonstrated locally 
aggressive behavior, which led to cortical bone destruc-
tion, periosteal reaction, and soft tissue extension. Cystic 
changes and fluid–fluid levels were visible on CT and/or 

Figure 1 The distribution of age in 57 patients with giant cell tumors 18 years of 
age and younger.
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MR images in some cases. Pathologic fracture was identi-
fied in four cases (Figure 2).

In the short tubular bones and smaller long tubular 
bones, such as the radius, fibula, and metacarpals, lesions 
generally showed prominent expansion of the bone and 
tended to be located centrally.

Patient characteristics and imaging features (including 
the positive rates) of pediatric GCTB cases located in the 
long tubular bones are detailed in Table 2.

Characteristics of GCTB Patients Under 
18 and Adult Patients
As with the pediatric cases, 126 adult patients with GCTBs 
in the long tubular bones underwent radiography and plain 

CT scans, of which 105 received CT enhancement and 62 
received non-enhanced and/or enhanced MRI. Patient 
characteristics and the positive rates of image features 
are detailed in Table 2.

We compared the characteristics of 34 pediatric GCTB 
patients and 126 adult GCTB patients. All the tumors 
occurred in the long tubular bones of the extremities. 
Significant differences were found in the tumor SI dia-
meter (P = 0.005) and LR diameter/SI diameter (P = 
0.001) between the two groups. Compared with adult 
GCTB patients, pediatric GCTB patients had a larger SI 
diameter and smaller LR diameter/SI diameter. Our data 
showed that 8.8% of GCTBs arising in long tubular bones 
lacked epiphyseal involvement, while all adult GCTBs 
involved the epiphysis (100%). This result was statistically 
significant (P = 0.009). The two groups were similar with 
regard to gender, location, expansibility, peripheral sclero-
tic rim, cortical bone destruction, periosteal reaction, soft 
tissue extension, cystic changes, fluid–fluid levels, and 
pathologic fracture (P > 0.05, Table 2).

Evaluation of Skeletal Maturity and 
Epiphyseal Involvement
The 36 pediatric GCTB cases located in the long and short 
tubular bones that had radiological images for review were 
evaluated for skeletal maturity and to identify whether the 
epiphysis or epiphyseal equivalent of the bone was 
involved (Tables 2–4).

The evaluation of skeletal maturity revealed six cases 
with open physes (17%) and 30 with closed growth plates 
(83%). Epiphyseal involvement was found in all the cases 
with closed growth plates, while tumors extending into the 
epiphysis were found in half the cases with open physes. 
In the cases with open physes, the patients were younger 
(median age = 13 y) and most cases were male, while in 
cases with closed growth plates, patients were older (med-
ian age = 17 y) and most cases were female (Table 3).

The meta-epiphyseal area of the tubular bones was the 
anatomical site where GCTBs commonly arose. Thirty- 
three cases (92%) involved the metaphysis and epiphysis 
(aged 13–18 y, median = 17 y); most of the epiphysis was 
involved in 32 cases, and epiphyseal involvement was 
minimal in only 1 case. Three cases (8%) involved the 
metaphysis without invasion of the epiphysis (aged 9–13 
y, median = 11 y, Figure 3), and there were no lesions 
involving the epiphysis alone (Table 4). Due to the small 
number of cases, these data are not suitable for statistical 

Table 1 Location of Giant Cell Tumors (GCTBs) in 57 Patients 
18 Years of Age and Younger

Location Number 
of 

Cases(%)

Proximal Distal

Long tubular bone 34(59.6%)
Tibia 13 11 2

Femur 7 7

Radius 7 7
Fibula 5 5

Humerus 2 2

Short tubular bone 4(7.0%)

Metacarpal 2 1 1
Phalanx(finger) 1 1

Metatarsus 1 1

Pelvis 8(14.0%)

Sacrum 6

Acetabulum 1
Ischium 1

Patella 4(7.0%)

Vertebral body 2(3.5%)

Cervical spine 1
Lumbar spine 1

Femoral head 1(1.8%)

Sternum 1(1.8%)

Scapula 1(1.8%)

Calcaneus 1(1.8%)

Multifocal disease(proximal and 

distal tibia, distal femur and 
talus)

1(1.8%)

Total 57
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analysis. The age range of patients with epiphyseal invol-
vement was 13–18 with a median age of 17, while in 
patients without epiphyseal involvement, the age range 
was 9–13 with a median age of 11 (Table 4).

Pathology
Of the 57 cases with pediatric GCTBs, 30 cases with 
typical morphologic patterns were diagnosed by conven-
tional histopathology, and 27 cases received an additional 
IHC examination to further confirm the diagnosis, of 
which 3 cases received H3F3A and H3F3B mutation 
analysis.

Treatment
Most of the pediatric GCTB patients underwent intrale-
sional curettage (n = 41), while some cases (n = 16) 
located in the smaller long bones and short tubular 
bones, such as the fibula, radius, and metacarpals, were 
treated with an en-bloc resection.

Discussion
GCTBs are considerably less common in the pediatric 
population (18 years old or younger), and this diagnosis 
is often not considered, especially in skeletally immature 
patients with open physes. In this study, we analyzed 
demographic data, anatomical distribution, and imaging 
findings of 57 cases of pediatric GCTB patients. At the 
same time, the characteristics of pediatric and adult 
patients with GCTBs in the long tubular bones were com-
pared to find whether differences existed between the two 
groups.

Compared with the incidence rate reported in previous 
literature (which ranges between 1.7% and 10.6%),5,6,12,13 

the present study demonstrates a higher incidence rate of 
12.8% (57/445 patients). This study includes all GCTB 
patients 18 years old or younger, including patients with 
open physes and closed growth plates, while only skele-
tally immature patients with open physes had been 
included in some previous studies.5,12,13 This may explain 
the reason for the higher incidence rate to some extent.

In the present study, the female distribution is 56%, 
which is a little lower than the range reported in the 
literature (60%−82%).1,6,11,12,14 In our study, the age of 
the patients ranged from 9 to 18 (median = 17 y), and the 
majority of cases were between 16 and 18 years old (n = 
45, 78.9%), which is consistent with previous studies.11,12 

The majority of the lesions were located in the long 
tubular bones (59.6%), including the tibia (22.8%), fol-
lowed by the femur and radius (12.3% each), the fibula 
(8.8%), and humerus (3.5%), which is similar to those 
reported in other pediatric and adult studies.6,11,13,14

Imaging plays an important role in the diagnosis of 
GCTBs. X-ray, CT, and MRI are common imaging exam-
ination methods used to reach a diagnosis. To the best of 
our knowledge, the CT and MRI features of GCTBs in 
pediatric patients have not been extensively evaluated. In 
addition, the imaging features of GCTBs in children and 
adults have not been compared in previous literature.

In this study, all the lesions located in the long and 
short tubular bones that had radiological images for review 
showed an osteolytic pattern of destruction of the bone, 
with a narrow zone of transition or sclerotic margin. 

Figure 2 A skeletally mature 16-year-old girl with GCTB in the distal femur. Plain radiographs (A and B) of the knee demonstrate an eccentric expansile osteolytic lesion 
involving the distal femoral epiphysis and metaphysis. The lesion is well defined with a narrow zone of transition (arrow). CT (C and D) showed focal loss of bone cortex and 
adjacent soft tissue extension (arrow).
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Calcification was not seen in all the lesions, and varying 
degrees of eccentric expansion of the bone were present in 
most patients. Expansion of the bone is related to the 
chronic course of the tumor, indicating that the tumor is 
less aggressive and tumor growth is relatively slow. The 
positive rate of expansibility of the long tubular bones in 
our study was 52.9%, which was similar to those in pre-
vious reports.15 In the cases in the present study, the 
lesions located in the slender and smaller tubular bones, 
such as the radius, fibula, phalanx, and metacarpals, 
showed prominent expansion of the bone and tended to 
be located centrally, similar to what has been reported in 
other pediatric studies.13

The peripheral sclerotic rim is considered to be 
a protective factor for tumor growth and local invasion. 
In this study, it was more easily observed on CT and 
mostly appeared as a thin and incomplete sclerotic rim 
around the tumor. In previous GCTB studies, it was 
believed that a peripheral sclerotic rim around a tumor 
was rare;16 however, our study demonstrated that it had 
a positive rate of 41.2%. This higher positive rate may be 
due to the high spatial resolution of CT, as the peripheral 
sclerotic rim is more easily observed by CT than by 
radiography.

GCTBs can be locally aggressive. The tumors continue 
to grow, which may eventually cause destruction to the 
cortical bone, soft tissue invasion, and even soft tissue 
masses. In our study, the positive rates for cortical bone 
destruction and soft tissue extension of the long tubular 
bones were 58.8% and 29.4% respectively. Cortical bone 
destruction could be detected by CT or MRI, which man-
ifests as a high-density cortical interruption on the CT and 
incomplete low-signal margins on the MRI.

Soft tissue extension was displayed in both CT and 
MRI. With a high soft tissue resolution, MRI can better 
identify soft tissue extension and soft tissue mass. 

Table 2 Patient Characteristics and Imaging Features of Pediatric 
(18 Years of Age and Younger) and Adult (Over 18 Years) 
Patients with GCTB Occurring in Long Tubular Bones

Parameters Pediatric 

GCTB 

Patients(%)

Adult 

GCTB 

Patients(%)

P value

Sex 0.504

Male 14 (42) 60 (48)

Female 20 (58) 66 (52)

Extent of involvement of 

bones

34 126 0.009

Metaphysis and epiphysis 31 (91.2) 126 (100%)

Metaphysis without epiphysis 3 (8.8) 0

Location 0.609

Tibia 13 41

Femur 7 41

Radius 7 16

Fibula 5 6

Humerus 2 6

Ulna 0 16

Tumor length

LR diameter(cm) 4.0 ± 1.2 3.8±1.2 0.519

SI diameter(cm) 6.6±2.7 4.8±1.3 0.005

LR diameter/ SI diameter 0.64±0.17 0.80±0.16 0.001

Expansion, n (%) 0.294

Yes 18(52.9) 54(42.5)

No 16(47.1) 72(57.5)

Peripheral rim of sclerosis, 

n (%)

0.860

Yes 14(41.2) 54(42.9)

No 20(58.8) 72(57.1)

Cortical bone destruction, 

n (%)

0.504

Yes 20(58.8) 66(52.5)

No 14(41.2) 60(47.5)

Periosteal reaction, n (%) 1.000

Yes 3(8.8) 13(10)

No 31(91.2) 113(90)

Soft tissue extension, n (%) 0.156

Yes 10(29.4) 54(42.5)

No 24(70.6) 72(57.5)

Cystic change, n (%) 0.672

Yes 20(58.8) 69(55)

No 14(41.2) 57(45)

Fluid–fluid level, n (%) 0.457

Yes 6(17.6) 16(12.5)

No 28(82.4) 110(87.5)

(Continued)

Table 2 (Continued). 

Parameters Pediatric 

GCTB 

Patients(%)

Adult 

GCTB 

Patients(%)

P value

Pathologic fracture 1.000

Yes 4(11.8) 13(10)

No 30(88.2) 113(90)

Abbreviations: LR, left and right; SI, superior and inferior.
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A periosteal reaction suggests new bone formation, which 
is very rare in GCTB cases. The incidence of periosteal 
reaction in long tubular bones in our study was quite low 
(n = 3, 8.8%), which is consistent with previous 
reports.13,16,17 As the GCTB stroma contains abundant 
vessels, cystic changes, necrosis, and hemorrhage can be 
observed in the MRI.16,18

Previous studies have found that the recurrence rate of 
GCTBs with cystic changes is high, and cystic changes 
were disclosed as an independent risk factor for recurrence 
after surgery.15 Fluid–fluid levels are a typical sign of 
hemorrhage in the tumor, which occurs due to the hemor-
rhage layer. MRI was very sensitive to cystic changes and 
fluid–fluid levels, which manifested as the homogenous 
high-signal intensity and high-iso/low-signal fluid–fluid 

levels on the T2WI image. In our study, the positive rate 
of cystic changes in long tubular bones was 58.8%, which 
is similar to that of previous reports.15 The fluid–fluid 
levels of long tubular bones were seen in only six cases 
(17.6%). This may be because the scan time, especially the 
CT scan time, was not long enough to form a hemorrhage 
layer.

In the cases in our study, pathologic fracture was pre-
sent in 11.8% (4/34) of lesions, which is comparable to 
previous reports of GCTBs in the pediatric population 
(13%) and GCTBs arising in the conventional age range 
(5–10%).9,11,19,20

To our knowledge, multifocal GCTBs are extraordina-
rily rare.12,21–23 In the present study, one GCTB in an 18- 
year-old girl showed multifocal lesions with an osteolytic 

Table 3 Evaluation of Skeletal Maturity of GCTB Patients 18 Years of Age and Younger

Number(%) Age Range (Median) Sex (M/F) Epiphysis Involvement n (%)

Patients with open physes 6(17) 9–16(13) 5/1 3(50)
Patients with closed growth plates 30(83) 14–18(17) 11/19 30(100)

Abbreviations: F, female; M, male.

Table 4 GCTBs in Patients 18 Years of Age and Younger: Extent of Involvement of the Lesions in Long and Short Tubular Bones

Extent of Involvement Number of Patients(%) Age Range (y) Median Age (y)

Metaphysis and epiphysis 33(92) 13–18 17

Metaphysis without epiphysis 3(8) 9–13 11

Epiphysis 0

Figure 3 A skeletally immature 9-year-old girl with GCTB in the proximal tibia. Plain radiograph (A) demonstrates an osteolytic lesion (white circle) centered in the metadiaphysis, 
sparing the epiphysis (arrow in a). Coronal fat-suppressed T2 (B), sagittal T1 (C), and axial fat-suppressed T2 (D) show a solid lesion (white circle) in the proximal tibial metadiaphysis 
with sparing of the epiphysis (arrow in b). The lesions were mainly solid, with a few cystic components (arrows in c and d). Adjacent soft tissue edema were shown on coronal and 
axial T2WI (thick arrows in b and d).
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pattern of destruction of the bone involving the proximal 
and distal tibia, distal femur, and talus.

Some studies have shown that the biological behavior 
of GCTBs in pediatric patients does not appear to be 
significantly different from that reported in adults.1 

However, previous studies have not compared the imaging 
features of GCTBs in children and adults in detail. In our 
study, compared with adult GCTB patients, pediatric 
GCTB patients had a larger SI diameter and smaller LR 
diameter/SI diameter (P < 0.05, Table 2), which suggested 
that in the pediatric population with GCTBs, tumors tend 
to grow longitudinally. Our data shows that 8.8% of pedia-
tric GCTBs in long tubular bones lacked epiphyseal invol-
vement, while all adult GCTBs involved the epiphysis 
(100%). This result was statistically significant (P = 
0.009). These findings may be helpful in the diagnosis of 
GCTBs in children.

Other imaging characteristics of the GCTBs in this 
study were similar to those found in adult patients, includ-
ing gender, the osteolytic pattern of destruction of the 
bone, the incidence rates of expansibility, peripheral 
sclerotic rims, cortical bone destruction, periosteal reac-
tion, soft tissue extension, cystic changes, fluid–fluid 
levels, and pathologic fracture (P > 0.05, Table 2).

In the present study, most cases (83%) were patients 
with closed growth plates nearing skeletal maturity, with 
only 17% with open physes. This could be because the 
patients in our study were relatively older, mostly between 
the ages of 16 and 18. The median age of patients with 
open physes was 13 compared with 17 for patients with 
closed growth plates. Among the patients with open 
physes, boys were more common, which may be related 
to the phenomenon of skeletal development in female 
adolescents being earlier than in males.24

Picci et al5 reported that five of the six skeletally 
immature patients with GCTBs in their study had tumors 
that penetrated the epiphyseal growth plate and involved 
the epiphysis, suggesting that the tumors had aggressive 
behavior. The study of GCTBs in children and adolescents 
conducted by Puri et al12 showed 13 out of 15 tumors in 
tubular bones with open growth plates extended to the 
epiphysis. Our data demonstrated that three of the six 
GCTB patients with open physes had epiphyseal involve-
ment, suggesting that the open growth plates did not seem 
to prevent GCTBs from infringing upon the epiphyseal 
cartilage and epiphysis, which is in accordance with pre-
vious reports.

Although the meta-epiphyseal area of the tubular bones 
was the most common site for GCTBs to arise in this study, 
we still found that 8% of cases involved the metaphysis, 
sparing the epiphysis. In contrast, of the 126 adult GCTB 
cases located in the long tubular bones, all demonstrated the 
involvement of the epiphysis. This result was in accordance 
with previous reports.9–11,19,25 Al-Ibraheemi et al11 reported 
that 21% of pediatric GCTBs arising in tubular bones lacked 
epiphyseal involvement, and Picci et al5 mentioned that 
epiphyseal involvement was less common in children, sug-
gesting that GCTBs originated in the metaphysis. In our 
study, the median age of patients without epiphyseal invol-
vement was 11 years old, which was significantly less than 
the median age (17 y) of patients with epiphyseal involve-
ment. This result suggests that epiphyseal involvement in 
tubular bones is closely related to a patient’s age and is 
relatively uncommon in younger patients with GCTBs.

GCTBs usually involve the epiphysis or epiphyseal 
equivalent, with a peak incidence in adults aged between 
20 and 40. When the tumor occurs in the pediatric age 
group, especially if the epiphysis is not involved, the 
GCTB diagnosis becomes more difficult. In addition, the 
imaging findings of GCTBs may overlap with other benign 
(aneurysmal cysts, chondroblastoma) and malignant 
(osteosarcoma, Ewing’s sarcoma) bone tumors, increasing 
the difficulty of preoperative diagnosis.26

Our study has several limitations. First, since this was 
a retrospective study, the imaging data were not collected 
with a standard scan protocol, which might affect the 
observation of imaging findings. Second, due to the 
small number of patients, the impact of the statistical 
analysis is limited. In future research, multi-center coop-
eration is required to include a larger sample size to con-
firm the findings of this study.

In summary, GCTBs are rare in the pediatric age 
group. Most of the imaging features of GCTBs in the 
pediatric population were similar to those in the adult 
population. However, epiphyseal involvement was less 
common in pediatric patients, especially in younger chil-
dren who still had open epiphyseal growth plates. 
Moreover, compared with adult patients, it was found 
that tumors were more likely to grow longitudinally in 
pediatric patients. The above differences can facilitate the 
diagnosis of GCTBs in pediatric patients.
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