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Background: It is difficult to differentiate giant cell tumors of the bone (GCTB) from chondroblastoma
around the knee based on imaging findings. This study analyzed the imaging features of these 2 diseases for
better differentiation.

Methods: This retrospective cross-sectional cohort study reviewed data of patients with pathologically
confirmed GCTB (n=81; age 15-75 years; median age 33 years) and chondroblastoma (n=18; age 12-34
years; median age 14 years). In all, 18 imaging signs were analyzed.

Results: Patients with chondroblastoma were relatively younger than those with GCTB. On imaging,
lesion length was significantly (P<0.00001) smaller in chondroblastoma [range, 15.80-78.30 mm; mean =
standard deviation (SD) 34.15+18.24 mm; 95% confidence interval (CI): 24.05-44.25 mm)] than in GCTB
[range, 30.10-117.50 mm; mean + SD 59.73+15.28 mm; 95% CI: 56.24-63.22 mm]. Significantly more
(P<0.05) chondroblastoma lesions had calcification (76.5% vs. 1.3%), lobulation (77.8% wvs. 32.1%), and
swelling range >15 mm (84.6% vs. 41.1%) than did GCTB lesions, whereas significantly more (P<0.05)
GCTB lesions were greater than half the host bone diameter (74.1% vs. 16.7%) and had a lesion long axis
that was consistent with that of the host bone (98.8% vs. 27.8%). There were no significant differences
(P>0.05) between the 2 tumors in the remaining 11 imaging signs.

Conclusions: A narrow zone of transition, intratumor calcification, lobulation, tumor transverse diameter
greater than the bone diameter, maximum lesion length, consistency between the tumor and bone long axes,
and edema range around the lesion >15 mm are parameters that can be used to differentiate GCTB from

chondroblastoma around the knee.
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Introduction

Giant cell tumor of the bone (GCTB) was firstly described
in 1818 (1) and is a relatively uncommon, aggressive,
primary bone tumor that has a high risk of local recurrence
following surgery. GCTB accounts for 4-5% of all primary
bone tumors and 13-20% of all benign bone tumors (2,3).
It occurs mostly in skeletally mature people, with a peak
prevalence in the third and fourth decades of life at bones
around the knee, followed by the distal radius and sacrum
(2,4-6). 'Typical imaging features of GCTB include a purely
lytic lesion with geographic bone destruction, an eccentric
location, a well-defined but nonsclerotic margin, and
extension to the subchondral bone (2,7). Nonaggressive
GCTB exhibits prominent trabeculation with no soft tissue
mass or cortical invasion; in contrast, aggressive lesions lack
trabeculation and have cortical destruction or expansion
associated with a soft tissue mass (2,4,7).

GCTBs have many common features on imaging with
chondroblastoma and may present a challenge in terms
of a correct diagnosis. Chondroblastoma is a rare primary
benign osseous tumor that accounts for approximately
1% of all bone neoplasms, affecting mostly children and
young adults in the second and third decades of life (8,9).
Typically, chondroblastoma is located in the medullary
cavity of the long bone epiphyses and apophyses, and is
rarely found in the cortex or long bone metaphysis (8,9).
The imaging features of these 2 tumors reported in previous
studies (7,10-17) are summarized in Tuable 1. Because
these 2 lesions have some common imaging presentations,
their correct diagnosis and differentiation is of crucial
clinical significance. Immunohistochemistry and gene
detection are advanced methods for the diagnosis
and differential diagnosis of different types of bone
tumors. Schaefer er 4. (18) suggested that the histones
H3G34W and H3K36M are highly specific for GCTB
and chondroblastoma, respectively, and are useful for
the differentiation of these 2 tumors in limited biopsies.
Venneker er al. (19) suggested that mutation-driven
epigenetic alterations cause a highly altered transcriptome,
resulting in changes that can be used to differentiate
different diseases. Specific driver mutations have been
discovered in chondroblastoma, GCTB, and central
cartilaginous tumors that have the common ability to cause
genome-wide epigenetic changes (20,21). In GCTB and
chondroblastoma, the neoplastic mononuclear cells often
harbor specific point mutations in genes encoding the
histones H3F3A and H3F3B (19). The identification of
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these mutations has resulted in the development of new
tools to differentiate chondroblastoma from GCTB, and
these mutations induce several local and global changes
in histone modification markers. However, imaging
examinations are still the primary methods for the diagnosis
and differential diagnosis of bone tumors, especially when
immunohistochemistry and gene detection are not available.

GCTB and chondroblastoma around the knee joint,
especially in the proximal tibia and distal femur, have many
common imaging signs. Moreover, the ages at onset of these
disease overlap, which makes differential diagnosis very
difficult. Both tumors are benign and have aggressive growth
potential; however, compared with chondroblastoma,
GCTB is more invasive, with the edge sclerosis being less
common on imaging than that of chondroblastoma. GCTB
is more likely to recur after surgical curettage, with a worse
prognosis (22). Chondroblastoma is usually less invasive and
has a much lower recurrence rate than does GCTB (23,24).
Therefore, differentiating between these 2 tumors will be
helpful in guiding clinicians to choose suitable treatment
methods.

The aim of this study was to investigate the clinical and
imaging features of GCTB and chondroblastoma around
the knee and to explore differences in imaging signs so as
to provide important information for proper diagnosis and
differentiation between these 2 tumors. We present the
following article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-616/rc).

Methods

This was a retrospective cross-sectional cohort study
without follow-up. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013) and
was approved by the Ethics Committee of the Third
Hospital of Hebei Medical University. All patients or their
legal guardians provided written informed consent. All
methods were performed in accordance with the relevant
guidelines and regulations.

Between January 2010 and December 2019, all patients
diagnosed pathologically (by a senior pathologist with
>10 years’ experience) with GCTB and chondroblastoma
at the distal femur and proximal tibia were enrolled. To be
eligible for inclusion, patients had to have been diagnosed
with GCTB and chondroblastoma around the knee
joint, treated with surgery, and undergone pathological
examination in the Third Hospital of Hebei Medical
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Table 1 Imaging presentations of giant cell tumors of bone and chondroblastoma around the knee

No.
patients

No. females/ Mean/median

Author (reference) Year
males age (years)

Imaging presentations

He et al. (10) 2017 56 28/28 34/29

Liu et al. (15) 2016 3 3/0 22/20

Hermanetal. (11) 1987 3 3/0 NA/24

Levine et al. (7) 1984 15 9/6 29/27

Liu et al. (16) 2019 36 12/24 17/16

Lehner al. (14) 2011 24 8/16 17.4/NA

Johnetal. (12) 2020 39 10/29 NA/25

Xuetal. (17) 2015 199 54/145 NA/18

Jundtetal (13) 2018 143 37/106 NA

Fluid-fluid level in 23.2%, soap bubble sign in 28.6%, expansibility
in 51.8%, osteosclerosis in 60.7%, adjacent soft tissue invasion in
66.1%, cystic change in 67.9%, cortical bone involvement in 83.9%

17 lesions detected: 4 around the knee joint, 3 in the greater
trochanter and head of the femur, 5 in the small bones of the feet,
and 2 in flat bones

Sclerotic margins or patchy sclerosis in 12 lesions, cortical
discontinuity in 8, and soft tissue masses in 5

Pathological fractures, osteolysis, and soft tissue invasion

Eccentricity in 93.3%, trabeculated pattern in 33.3%, marginal
sclerosis in 20.0%, bone expansion in 46.7%, complete cortical
penetration in 100%, subarticular cortical penetration in 46.7%,
pathological fractures in 33.3%, periosteal reaction in 53.3%, and
soft tissue mass in 33.3%

Proximal tibia in 20, distal femur in 14, and patella in 2
Physis was open in 10 patients, closing in 17, and closed in 9

Invasion of the epiphysis plate in 7 patients; invasion of the articular
cartilage in 8 patients

Imaging signs included osteolytic lesions, a narrow zone of
transition, no obvious sclerosis, scattered calcification, and lesions
not crossing the articular cartilage and epiphyseal line

Distal femur in 6, proximal tibia in 6, proximal humerus in 8, and
proximal femur in 4

3 inactive lesions, 13 active lesions, and 8 aggressive lesions

An osteolytic lesion with a narrow zone of transition in 24 cases,
a peripheral rim of sclerosis in 21, osseous expansion in 9, and a
calcified matrix in 5

Intralesional mineralization in 83 (44.6%) patients, cortical
destruction in 36 (19.4%) patients, and invasion of the physis in 39
(21.0%) patients

Eccentric osteolysis, rosette-like outline, sclerotic margin, and
punctate calcification in the osteolytic center

NA, not available.

University, with GCTB and chondroblastoma confirmed
pathologically. Patients who had the disease located
beyond the distal femur and proximal tibia and those with
postoperative recurrence were excluded.

Clinical and imaging data [i.e., plain radiography,
computed tomography (CT), and magnetic resonance
imaging (MRI)] were assessed by 2 senior radiologists
(ZW Zhong and L Cao) with >10 years’ clinical experience
(Table 2). If there was disagreement, data were assessed by
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a third researcher to reach an agreement. The following
data were evaluated: age, sex, discontinuation in the cortex,
pathologic fractures, well-defined margin, sclerotic margin,
calcification inside the lesion, eccentric location, lobulation,
lesion diameter and major axis compared with the long
bone diameter, soft tissue masses, periosteal reaction, fluid-
fluid level, bone septa, minimum distance from the lesion
edge to the articular surface of the knee, maximum lesion
diameter, edema around the lesion >15 mm, bone ridge, and
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Table 2 Indices of giant cell tumor of the bone and chondroblastoma

Index GCTB CH P value
No. of patients 81 18 N/A
No. of males/females 34/47 16/2
Age (years)

Median (IQR) 33(9.5) 14 (8.5)

25th-75th percentile 27-36 13-21

Range 15-75 12-34
Imaging (n)

DR 58 14

CT 67 14

MRI 56 13

DR+ CT 78 17

CT + MRI 76 15
Distance between tumor and joint 0.11
surface (mm)

Mean + SD 2.23+3.47 7.35+10.44

95% ClI 1.44-3.02 1.57-13.13

Range 0-16.70 0-30.50
Maximum length (mm) <0.01

Mean + SD 59.73+15.28 34.15+18.24

95% ClI 56.23-63.22 24.05-44.25

Range 30.10-117.50 15.80-78.30
Maximum length distribution (n) N/A

0 mm < length <20 mm 0 3

20 mm < length <40 mm 6 6

40 mm < length <60 mm 35 3

60 mm < length <80 mm 29 3

80 mm < length <100 mm 5 0

Length >100 mm 1 0
Discontinued bone cortex 67 (82.7) 16 (88.9) 0.73
Pathological fracture 19 (23.5) 2(11.1) 0.35
Narrow zone of transition 14 (24.1) 12 (85.7) <0.01
Sclerotic margin 53 (67.9) 14 (82.4) 0.24
Breaking physeal plate 4 (4.9 5(27.8) N/A
Intratumor calcification 1(1.3) 13 (76.5) <0.01
Eccentric 72 (88.9) 16 (88.9) 1.00
Table 2 (continued)
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Table 2 (continued)

Index GCTB CH P value
Lobulated 26 (32.1) 14 (77.8) <0.01
Tumor transverse diameter >z of 60 (74.1) 3(16.7) <0.01
host bone

Soft tissue mass 12 (14.8) 0(0) 0.12
Axis along the long bone 80 (98.8) 5(27.8) <0.01
Periosteal reaction 13 (16.0) 3(16.7) 1.00
Fluid-fluid level 10 (17.9) 2 (15.4) 1.00
Bone septum 1(1.5) 2(14.3) 0.07
Bone ridge 63 (82.9) 13 (86.7) 1.00
Swelling range >15 mm 23 (41.1) 11 (84.6) 0.01

Unless indicated otherwise, data are given n (%). CH, chondroblastoma; ClI, confidence interval; CT, computed tomography; DR, digital
radiography; GCTB, giant cell tumor of the bone; IQR, interquartile range; MRI, magnetic resonance imaging; N/A, not applicable.

penetration of the epiphyseal plate (7able 2).

The equipment used in this study was a 500-mA Siemens
DR system, Siemens 16- and 64-slice CT scanners, and
a Siemens Symphony 1.5 T magnetic resonance (MR)
scanner (Siemens Healthineers, Erlangen, Germany). The
parameters for the CT scanners were as follows: collimator,
0.6 mm; pitch, 1; tube voltage, 120 kV; automatic
milliampere technique; reconstruction thickness, 1 mm;
and thickness of multiplanar reformations, 3 mm. The
major imaging sequences for MRI scanning were spin echo
(SE) T,-weighted image (T1WI) [repetition time (TR),
500 ms; time to echo (TE) 15 ms; matrix, 512x512; field
of view (FOV), 160 mm; thickness, 4 mm; and interval,
0.8 mm], turbo spin echo (TSE) T,-weighted image
(T2WI) (TR, 2,500 ms; TE, 90 ms; matrix, 512x512; FOV,
160 mm; thickness, 4 mm; and interval, 0.8 mm), and short
'IT inversion recovery (STIR) [TR, 3,700 ms; inversion time
(TT), 160 ms; flip angle, 15°; matrix, 256x256; FOV, 160 mm;
thickness, 3.5 mm; and interval, 1.05 mm], including cross-
sectional, coronal and sagittal planes. The software used for
measurement was that provided with the scanning system.

Discontinued bone cortex was defined as discontinuation
of the bone cortex, with sclerotic rims indicating the
boundary of the lesion that had a greater density than
surrounding areas. Bone septa or separations were located
inside the lesion on CT planes, and bone crests or ridges
were referred to as bone protuberances inside the lesion on
CT or MRI images. The minimum distance from the lesion
edge to the joint bone surface was measured in the coronal

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

or sagittal plane on either CT or MRI images (Table 2). The
maximum length of the lesion was measured in the sagittal
plane on CT or MRI images, and lesion length was divided
into 6 groups: 0-20, 21-40, 41-60, 61-80, 81-100, and
>100 mm (7able 2). The maximal MRI plane which
displayed the best swelling of the lesion was chosen for
relevant measurement, and patients with pathological
fractures or bad imaging quality that could affect precise
measurement were excluded.

Statistical analysis

Statistical analyses were performed using SPSS 19.0
(IBM Corp., Armonk, NY, USA). There were no missing
data in this cross-sectional study. Normally distributed
continuous variables are presented as the mean + standard
deviation (SD), whereas continuous variables that were
not normally distributed are presented as the median
and interquartile range (IQR). Categorical variables are
presented as counts and percentages. The significance of
differences in the distance from the lesion edge to the knee
joint surface was tested using the rank-sum test, whereas
the significance of differences in all other indices was tested
using the chi-squared test. The maximum length of the
sclerotic rims of the 2 benign tumors was compared with
the lesion perimeter and analyzed using receiver operator
characteristic (ROC) curves for a proper proportion
for better diagnosis. Significance was set at a two-tailed
P value <0.05.
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Figure 1 Giant cell tumors of the bone. (A-E) Images are from 1 patient. (A,B) Plain radiography showed an eccentric, expansile, lytic lesion

on the lateral condyle of the right femur with a narrow zone of transition, extending down to the joint surface with a thin bony cortex and
fine ridges. (C) Magnetic resonance imaging T'1-weighted image on the coronal plane demonstrated the lesion to have a nonuniform long
T1 signal with a limited range of disease and a clear boundary. (D,E) Plain radiography revealed a big, expansile, lytic lesion in the distal end
of the right femur, extending downward to the joint surface and upward to the bone diaphysis with coarse bone ridges inside. (F-H) Images
from another patient. (F) CT showed expansile destruction in the distal end of the left tibia with uniform density and disrupted cortical bone
but no apparent sclerotic margins. No soft tissue mass was present. (G) CT revealed an expansile eccentric destruction at the proximal end
of the left tibia bone with uniform intratumor density, a partial sclerotic margin, and no soft tissue mass. (H) Plain radiography demonstrated
expansile eccentric destruction at the lateral condyle of the right tibia with uniform intratumor density and a partal sclerotic margin. CT,

computed tomography.

Results chondroblastoma were relatively younger than those
with GCTB (Figure 5A). The disease prevalence of the 2

tumors overlapped for ages 21-30 years, which included

In all, 81 patients (34 males, 47 females) with GCTB
(Figures 1,2) and 18 patients (16 males, 2 females) with

chondroblastoma (Figure 3) around the knee were identified
and enrolled in this study (Figure 4). The median age of
the 81 patients with GCTB was 33 years (IQR, 9.5 years;
25th-75th percentile, 27-36 years; range, 15-75 years).
The median age of the 18 patients with chondroblastoma
was 14 years (IQR, 8.5 years; 25th—75th percentile,
13-21 years; range, 12-34 years). Patients with

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

31 (38.3%) patients with GCTB and 4 (22.2%) patients
with chondroblastoma, accounting for 38.3% and 22.2%
of cases in each group, respectively. In addition, 3 patients
with GCTB were 10-20 years of age (the peak age range
for chondroblastoma), and 1 patient with chondroblastoma
was aged 34 years (falling within the peak age range of
31-40 years for GCTB).
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Figure 2 Giant cell tumor of the bone. Plain radiography of the anteroposterior (A) and lateral positions (B) showed an expansile lesion

with multiple cysts at the metaphysis of the proximal tibia. Some coarse bony ridges were inside the lesion, and the lesion did not break the

epiphysis.

Of the 81 patients with GCTB, 58 underwent plain
radiography, 67 underwent CT, 56 underwent MRI,
78 underwent both plain radiography and CT, and 76
underwent both CT and MRI (7able 2). Of the 81 patients
with GCTB, 50 had a lesion at the distal end of the femur
(Figure 1), with the lesion being eccentric and lytic with
fine or coarse bone ridges on plain radiography. On MRI,
GCTB lesions presented as a nonuniform low T1WI
signal with a limited range of disease and a clear boundary
(Figure 1C). Another 31 GCTB lesions were located at
the proximal end of the tibia (Figures 2,3), with the lesion
being expansile and lytic on plain radiography, presenting
with intratumor uniform density, a partial sclerotic margin,
and coarse bone ridges. The lesion did not penetrate the
epiphysis. On CT imaging (Figure 2), the lesion was lytic
and had uniform density and a disrupted cortical bone, but
there was no apparent sclerotic margin or soft tissue inside
the lesion.

Of the 18 cases of chondroblastoma, 9 were at the distal
end of the femur (Figure 3) and the other 9 were at the
proximal end of the tibia (Figure 34,3B). On CT imaging,
the lesion showed lytic bone destruction at the distal end
of the femur, with no bone septa or calcification inside the
lesion. The boundary of the lesion was well-defined with

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

sclerosis (Figure 3). Some lesions had nonuniform density
inside the tumor, an apparent sclerotic margin, and an
intratumor bony septum (Figure 3). On MRI, the lesions
had a hyperintense T, signal with lobulated changes and
bone ridges inside the lesion (Figure 3). Some lesions had
nonuniform hypointense T'; but hyperintense T, signals and
had invaded the soft tissue on the lateral side (Figure 3).

In patients with GCTB, the mean distance from the
lesion to the knee joint surface was 2.23+3.47 mm [range,
0-16.70 mm; 95% confidence interval (CI): 1.44-3.02 mm;
Tible 2. In chondroblastoma, the mean from the lesion to the
knee joint surface was 7.35+10.44 mm (range, 0-30.50 mm;
95% CI: 1.57-13.13 mm), which was not significantly
different compared with GCTB lesions (P=0.11; Table 2).

For GCTB, the maximum length of the lesion was
21-40 mm in 6 patients, 41-60 mm in 35 patients,
61-80 mm in 29 patients, 81-100 mm in 5 patients, and
>100 mm in only 1 patient, with a mean maximum length
of 59.73£15.28 mm (range 30.10-117.50 mm; 95% CI:
56.23-63.22 mm; Table 2). In chondroblastoma, the
maximum length of the lesion was 0-20 mm in 3 patients,
21-40 mm in 6 patients, 41-60 in 3 patients, and
61-80 mm in 3 patients, with a mean maximum length of
34.15+18.24 mm (range, 15.80-78.30 mm; 95% CI: 24.05-
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Figure 3 Chondroblastoma. (A-D) Images from 1 patient. (A) CT revealed lytic destruction at the distal end of the femur with a well-

defined and sclerotic boundary but no bone septa or calcification. (B) An area with a long T2 signal was present at the proximal end of the

left tibia, with lobulated changes and bone ridges. Adjacent bone marrow and soft tissue showed swelling signals. (C,D) Lytic destruction

was revealed on MRI T1-weighted (C) and T2-weighted (D) images with non-uniform long T1 and long T2 signals and soft tissue being

invaded on the lateral side. (E,F) Images from another patient. (E) MRI showed an irregular area with a long T2 signal with bone crests and

lobulated changes at the proximal end of the tibia. (F) CT showed a recurrent chondroblastoma lesion at the distal end of the left femoral

bone and proximal end of the tibia with nonuniform density, an apparent sclerotic margin, and an intratumoral bony septum. CT, computed

tomography; MRI, magnetic resonance imaging.

44.25 mm); this was significantly smaller (P<0.001) than the
mean maximum length of GCTB lesions (Table 2).

A narrow zone of transition was seen in 14 cases of
GCTB and in 12 cases of chondroblastoma. In the GCTB
group, 53 patients had sclerotic rims, including 47 with
partial sclerotic rims and 42 with the maximum length of
the sclerotic rim <25% of the lesion perimeter (1able 2).
In the chondroblastoma group, 14 patients had sclerotic
rims, including 8 with partial sclerotic rims, and the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

maximum length of the sclerotic rim accounted for 35% of
the lesion perimeter. There was no significant difference
in the presence of a sclerotic margin between the GCTB
and chondroblastoma groups (P=0.24; Table 2), but the
ratio of sclerotic edge length to lesion circumference was
significantly smaller for GCTB than for chondroblastomas
[15.0 (46.3) vs. 70.0 (60.0); P=0.007]. ROC curve analysis
of the proportion of the lesion sclerotic rim to the
lesion perimeter revealed no appropriate cutoff value to
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177 patients with GCTB and 85 with
chondrobalstoma were retrieved from the
medical record system from 2010 to 2019

38 patients with recurrence

Y

after surgery were excluded

224 without surgical treatment

78 patients excluded:

Y

> * Upper limb bone in 40
® Spine in 26
® Pelvis in 12

146 patients with lower limb bone tumors

47 patients excluded:
* Footin 13

\

* Proximal femur in 22
e Distal tibia in 12

99 patients were enrolled including distal
femur tumors in 50 and proximal tibia
tumors in 31

Y
18 patients with chondrobalstoma were

enrolled including 9 in the distal femur
and 9 in the proximal tibia

Y

81 patients with GCTB were enrolled
including 50 in the distal femur and
31 in the proximal tibia

Figure 4 Flowchart showing the enrollment of patients with GCTB and patients with chondroblastoma at the knee. GCTB, giant cell

tumors of the bone.

differentiate these 2 tumors (Figure 5). Two patients with
chondroblastomas had bone septa within the lesion (7able 2).

Analysis of 16 imaging parameters between the GCTB
and chondroblastoma groups (Table 3) revealed significant
differences (P<0.05) in the narrow zone of transition (24.1%
vs. 85.7%), respectively), intratumor calcification (1.3%
vs. 76.5%, respectively), lobulation (32.1% vs. 77.8%,
respectively), tumor transverse diameter greater than half
the long bone diameter (74.1% wvs. 16.7%, respectively),
consistency between the tumor and bone long axes (98.8%
vs. 27.8%, respectively), and swelling range >15 mm (41.1%
vs. 84.6%, respectively) that could be used to differentiate
GCTB from chondroblastoma (7able 2).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Discussion

In this study, of the imaging presentations evaluated,
a narrow zone of transition, intratumor calcification,
lobulation, tumor transverse diameter greater than half the
diameter of the long bone, maximum length, consistency
between the tumor and bone long axes, and edema around
the lesion >15 mm were statistically significant parameters
to differentiate GCTB from chondroblastoma around the
knee (Table 3).

The knee is a predilection site for both GCTB and
chondroblastoma, and both tumors may have imaging
characteristics of lytic bone destruction, expansile growth,
eccentric location, and sclerotic margins, with clinical
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Figure 5 Age distribution and ROC curve analysis of the lesion sclerotic rim to the perimeter. (A) Age distribution of patients with GCTB
and chondroblastoma around the knee. (B,C) ROC curve analysis of the proportion of the lesion sclerotic rim to the lesion perimeter for
GCTB (B) and chondroblastoma (C). The AUC for GCTB and chondroblastoma was 0.68 (P=0.02) and 0.69 (P=0.01), respectively; in both
cases, the AUC was <0.7, indicating a low accuracy of diagnosis. AUC, area under the curve; GCTB, giant cell tumors of the bone; ROC,

receiver operator characteristic.

Table 3 Clinical significance of imaging signs

. Narrow zone of  Intratumor Tumor transverse diameter Axis along the long  Swelling range
Variable " e Lobulated
transition calcification >2 of host bone bone >15 mm
Tumor, n (%)
GCTB 14 (24.1) 1(1.3) 26 (32.1) 60 (74.1) 80 (98.8) 23 (41.1)
CH 12 (85.7) 13 (76.5) 14 (77.8) 3(16.7) 5(27.8) 11 (84.6)
Differentiation =~ GCTB is more Calcification CH is usually CH is usually small, with GCTB tends to grow One MRI
invasive than CH is a feature characteristically ~ the transverse diameter <2 along the long axis  feature of CH
of chondroid lobular which is the diameter of the long of the long bone; is soft tissue
tumors; CH has related to its slow bone; GCTB is expansive  CH tends to grow edema

laterally, with the
long axis of the
lesion not consistent
with that of the bone

with the diameter >2 the
bone diameter

a higher rate of
calcification

growth

Unless indicated otherwise, data are given as n (%). CH, chondroblastoma; GCTB, giant cell tumor of the bone; MRI, magnetic resonance
imaging.
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symptoms of local pain and swelling (Figures 1,2). Age
may have certain value in differentiating GCTB from
chondroblastoma, with chondroblastoma occurring in
patients aged <20 years and GCTB in patients aged
>30 years; however, it should be noted that these tumors
have an age overlap between 20 and 30 years. In the
present case series, 38.8% of GCTB patients and 22.2% of
chondroblastoma patients were within the overlapping age
range of 21-30 years.

The ability of GCTB to invade surrounding tissues
is greater than that of chondroblastoma, which is why
GCTB had a wide zone of transition. Intratumor mottled
or stippled calcification occurred in 70% of all cases of
chondroblastoma and presenting like grains of sand,
primarily caused by calcification of the basophilic matrix
around chondrocytes in the cartilage tumors. The incidence
of calcification was high in this series, probably because CT
is sensitive in detecting small calcification, thus improving
the detection rate of calcification. However, internal
calcification has been rarely reported for GCTB.

Although the distance from the lesion edge to the
articular surface was greater for chondroblastoma than
for GCTB lesions, the difference did not reach statistical
significance (P>0.05). In addition to GCTB, there are
other tumors, such as telangiectatic osteosarcoma, giant
cell rich osteosarcoma, and clear cell chondrosarcoma,
that may be primarily located at or involve bone ends and
need to be differentiated from GCTB. If a tumor lesion
is near the articular cortex, GCTB should be considered
because these lesions usually occur at the bone end,
whereas chondroblastoma lesions mostly occur at or near
the epiphyseal plate. Using equations fitted to regression
models, Futamura er 4/. found that GCTB arising in
long bones in 71 patients probably originated from the
metaphyseal region (25). In addition, among these 71
patients, the distance between the articular surface and
the GCTB tumor border was short, even in cases of small
tumors (25). This is consistent with other studies that report
that approximately 84-99% of GCTB lesions extended to
within 1 ¢cm of subarticular bone (26,27).

In our study, intratumor calcification, lobulation,
tumor transverse diameter greater than half the diameter
of the long bone, maximum length, consistency between
the tumor and bone long axes, and edema around the
lesion >15 mm were statistically significant parameters to
differentiate GCTB from chondroblastoma around the
knee. The intratumor calcification rate of chondroblastoma
was 76.5%, with small dots or sand-like calcification, which

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

is caused primarily by calcification of the basophil matrix
around chondrocytes in chondroid tumors (2). Intratumor
calcification is rarely seen in GCTB. Tumor lobulation
is usually caused by different growth rates in various
directions or the blocking of tumor growth by surrounding
structures, resulting in a tumor contour with multiple
protrusions. Chondroblastoma often presents as a shallow
lobulated or shallow wavy lesion, which has no obvious
relationship with the size of the tumor. Both GCTB and
chondroblastoma can grow expansively; however, because
chondroblastoma lesions are usually small, most are smaller
than half the diameter of the long bone. GCTBs are usually
big with expansive growth, and the lesion diameter is
mostly greater than the diameter of the long bone. Because
the expansive growth of GCTB is usually greater than that
of chondroblastoma, especially along the long axis of the
bone, the long axis of the GCTB tumor is usually consistent
with that of the bone. However, chondroblastoma tends to
grow laterally, with only a few tumors having the long axes
consistent with the tumor-bearing bone. GCTB is usually
found late because it has no clinical symptoms, resulting
in large lesion volume, whereas chondroblastoma is often
associated with local pain, most of which is chronic and
accompanied by swelling of the surrounding soft tissue.
Thus, chondroblastoma is found earlier at a small size. In
this study, the maximum length of the lesion was 40-80 mm
for GCTB and 20-40 mm for chondroblastoma. Therefore,
chondroblastoma is more likely when the maximum length
of the tumor is <40 mm with no knee pain caused by
obvious exogenous factors or sports system injury (e.g.,
trauma, fracture, meniscus and ligament injury), whereas
GCTB is more likely when local symptoms around the
knee joint are mild and the maximum length of the tumor is
>40 mm. Histopathological examination of
chondroblastoma typically shows fluid exudation and
inflammatory cell infiltration in the area of bone marrow
edema (28), resulting in edema around the lesion
>15 mm. Clinically, patients often present with local pain
and peritumoral bone marrow edema, accompanied (or not)
by surrounding soft tissue edema. Although the volume of
GCTB is usually large at diagnosis, the incidence and range
of the edema are small.

Some imaging presentations did not contribute to
differentiation. A sclerotic margin is a reactive change of the
body and reflects the growth rate of a lesion, which can be
used for determining the invasiveness of a lesion. There was
no significant difference in the frequency of the presence of
sclerotic edges between the GCTB and chondroblastoma
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groups in this study, but the ratio of sclerotic edge length
to lesion circumference was significantly smaller (P=0.007)
for GCTB than it was for chondroblastoma. This is
consistent with other studies, which reported that typical
chondroblastoma had mottled calcification and a peripheral
sclerotic margin, whereas GCTB lacked a complete
sclerotic rim and visible internal calcification (1,8). This
finding is helpful for the differentiation of GCTB and
chondroblastoma, but ROC analysis of the length of the
sclerotic margin revealed no appropriate cutoff value to
differentiate these 2 tumors.

Traditionally, GCTBs are considered to have a
discontinued bone cortex in most cases. However, in
this study, more cases of chondroblastoma had cortical
disruption, although there was no significant difference
(P>0.05) between the 2 groups. This is probably related to
the expansile growth with more osteoclast activity inside the
chondroblastoma lesion. When the lesion breaks the cortex
with a soft tissue mass appear, the nature of the invasiveness
is suggested by the biological behavior (29). Eccentric
growth is part of the development process of tumors and
is a characteristic of GCTB; however, in the present study,
a similar percentage of both types of lesions had eccentric
growth.

Chondroblastoma may cause periostitis and subsequent
periosteal proliferation, which may be useful for the
differentiation of the 2 tumors. In this study, all patients
with GCTB with a periosteal reaction had a pathological
fracture, and the periosteal reaction might have been
related to bone fracture. Bone septum with the appearance
of soap bubbles is a typical radiological feature of GCTB;
in this study, this appearance was evident in only 2 patients
with recurrent chondroblastoma and was probably
caused by postoperative repair and recurrence. When
chondroblastoma is concurrent with a secondary aneurysmal
bone cyst, bone septa with a bechive appearance may be
present (30).

"This study has some limitations, including a small cohort
of patients, an exclusive enrollment of Chinese patients, and
a single-center, retrospective design. Future prospective
studies are needed in multiple centers to overcome these
limitations. Although the present study was a retrospective
descriptive study, all the GCTBs and chondroblastomas
had been confirmed pathologically. All indices evaluated of
the tumors were measured twice by 2 researchers, which
provides confidence in the accuracy of the measurement
results and maintains certain external authenticity.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Conclusions

Imaging signs provide some valuable information for
the differentiation of GCTB from chondroblastoma. On
medical imaging, a narrow zone of transition, intratumor
calcification, lobulation, a tumor transverse diameter
greater than half the diameter of the long bone, maximum
length, consistency between the long axis of the tumor
and bone, and edema around the lesion >15 mm are
statistically significant parameters to differentiate GCTB
from chondroblastoma around the knee. A large tumor with
small edema indicates GCTB, whereas a small tumor with
large edema supports the diagnosis of chondroblastoma.
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