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Abstract

Purpose To assess the correlation between T2*-weighted MR imaging and pathological findings of giant cell tumors (GCT)
of bone.

Methods Of the 33 patients with histopathologically proven GCT of bone, 12 were examined using 1.5-T MR imaging,
including T2*-weighted imaging, and were included in this study. The imaging and pathological findings of GCTs were
compared between GCTs with and without hypointensity on T2*-weighted images (T2* hypointensity).

Results T2* hypointensity was observed in 6 out of 12 (50%) GCTs. Septal formation (83% vs. 17%; p <0.05) and cystic
formation (67% vs. 0%; p <0.05) on T2-weighted images was significantly more frequent in the GCTs with T2* hypointensity
compared with those without T2* hypointensity. Among the six GCTs with T2* hypointensity, a large amount of hemosiderin
deposition was pathologically observed in five (83%) cases, whereas small amounts of hemosiderin deposition was seen in
one (17%) case. In contrast, among the six GCTs without T2* hypointensity, a small amount of hemosiderin deposition was
pathologically observed in all six (100%).

Conclusion Half of the GCTs showed T2* hypointensity, which is characteristic of hemosiderin deposition; whereas, the

other half did not show T2* hypointensity due to a small amount of hemosiderin deposition.
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Introduction

Giant cell tumor (GCT) of bone is a benign but locally
aggressive primary bone neoplasm that is composed of mon-
onuclear cells, including numerous macrophages and large
osteoclast-like giant cells. GCT represents approximately 5%
of all primary bone tumors and 20% of benign bone tumors
[1, 2]. Most GCTs affect skeletally mature patients, with
slight female predominance. Although approximately 80%
of cases occur between the ages of 20 and 50 years, GCTs
can occur in the second decade of life or in individuals over
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50 years of age [2, 3]. GCT arises in the metaphysis, with
characteristic extension across a fused physis into the epi-
physis, and typically affects the metaepiphyseal region of the
long bone [4]. The most common site of GCT occurrence is
the distal femur, followed by the proximal tibia, distal radius,
sacrum, and proximal humerus [5, 6]. Atypical sites, includ-
ing flat bone, small bones, and the spine are rarely involved.

Histologically, GCT is characterized by the presence of
large multinucleated osteoclast-like giant cells, which are
uniformly distributed throughout tumor, among numerous
round or spindle-shaped mononuclear cells. GCT also con-
tains numerous thin-walled vascular channels predisposing
to areas of hemorrhage. Therefore, abundant hemosiderin
deposition and hemorrhage are often observed within the
tumor.

T2*-weighted gradient-echo imaging is a susceptibil-
ity-weighted sequence that is widely used for detecting
hemorrhage, calcification, or hemosiderin deposition in
various tissues and lesions. Unlike conventional spin-echo
sequences, T2*-weighted imaging can detect microhemor-
rhages as small hypointense foci. This is due to its increased
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sensitivity in detecting the presence of paramagnetic sub-
stances, which cause inhomogeneity in the magnetic field
compared with conventional spin-echo sequences [7, 8].
Although blood products such as deoxyhemoglobin, meth-
emoglobin, and hemosiderin are paramagnetic substances,
T2*-weighted MR imaging is a sensitive method for hemo-
siderin detection owing to the strong paramagnetic effects
of hemosiderin [9].

The solid components of GCTs often demonstrate low-to-
intermediate signal intensity on T1- and T2-weighted images
[2, 3,5, 10, 11]. Although the cause of this signal intensity
has been reported as hemosiderin deposition [10, 11], to the
best of our knowledge, no previous reports have assessed
the T2*-weighted imaging findings of GCTs. Therefore, this
study aimed to assess the correlation between T2*-weighted
MR imaging and pathological findings of GCT of bone.

Materials and methods
Patients

This study was approved by our institutional review board
and complied with the guidelines of the Healthcare Insur-
ance Portability and Accountability Act. Written informed
consent was waived because this study was retrospective.
The electronic medical chart system at Gifu University
Hospital was queried for patients with histopathologically
proven GCT of bone between November 2005 and April
2018. Among the 33 patients with histopathologically
proven GCT of bone, 12 patients (mean age, 39 years; range,
19-60 years; seven men and five women) who underwent
preoperative 1.5-T MR imaging, including T2*-weighted
imaging, were included in this study (Table 1). The primary

sites of GCT included the femur (n=15), tibia (n=3), radius
(n=2), fibula (n=1), and cervical spine (n=1) (Table 2).
All patients presented with local pain.

MR imaging

MR imaging was performed using 1.5-T MR imaging sys-
tems (Intera Achieva 1.5 T Pulsar, Philips Medical system,
Best, The Netherlands or Signa Excite 1.5 T, GE Healthcare,
Milwaukee, WI, USA). T2*-weighted gradient-echo (TR/
TE 400-584/11-14 ms; flip angle 25-30°), T2-weighted
fast spin-echo (TR/TE 4,000-4,200/94-106 ms),
fat-suppressed T2-weighted fast spin-echo (TR/TE
2,815-4,000/86-106 ms), T1-weighted spin-echo (TR/TE
400-683/10-17 ms) images were obtained for all patients.
T2*-weighted images were obtained in the transaxial plane
(n=17), coronal plane (n=23), or sagittal plane (n=2). T2-,
fat-suppressed T2-, and T1-weighted images were assessed
using the same plane as T2*-weighted images. All MR
images were obtained at a section thickness of 3—4 mm with
a 1-mm intersection gap and a 12X 12—35 X% 35-cm field of
view.

Image assessment

The MR images were retrospectively reviewed by two inde-
pendent radiologists, who were unaware of the patients’
clinical information, and who had 19-20 years of experience
in post-training on musculoskeletal imaging. Any disagree-
ment between the reviewers was resolved through consensus.

First, the reviewers assessed the presence of hypoin-
tensity within the tumors on T2*-weighted images (T2*
hypointensity), suggestive of hemosiderin deposition. If
T2* hypointensity was observed, the configurations of T2*

Table 1 The differences

. Hypointensity on T2*-weighted imaging Present (n=06) Absent (n=06) p value
between giant cell tumors of
the bone with and without T2* Male/female 412 33 0.500
hypointensity Age (year) 31.0+14.8 46.7+10.6 0.065
Maximum diameter (mm) 62.5+25.0 37.5+7.2 0.065
T2-weighted imaging
Hypointensity 6 (100) 4.(67) 0.227
Septal formation 5(83) 1(17) 0.040*
Cystic formation 4.(67) 0 (0) 0.030*
Fluid—fluid level formation 3 (50) 0(0) 0.091
Internal homogeneity 0(0) 2 (33) 0.227
T1-weighted imaging
Hyperintensity 2 (33) 0(0) 0.227

Note: data, excluding age and maximum diameter, are numbers of patients, and numbers in parentheses
are frequencies expressed as percentages. Values of age and maximum diameter are the mean =+ 1 standard

deviation

*Significant difference was found between the two groups (p <0.05)

@ Springer



Japanese Journal of Radiology (2019) 37:473-480

475

Table 2 The radiological and
pathological findings of giant
cell tumors of the bone

Patient no/age/sex

Location of the lesion

Radiological findings Pathological findings

Hypointensity Hypointen-  Hemosiderin Hemorrhage

on T2*WI sity on T2WI  deposition
1/19/'M Left tibia + + Large Large
2/20/F Left fibula + + Large Large
3/24/M Right femur + + Large Large
4/32/F Right femur + + Large Large
5/32/M Left femur + + Large Large
6/59/M Right femur + + Small Small
7/32/M Left radius - + Small Large
8/53/F Right tibia - + Small Large
9/54/F Cervical spine - + Small Large
10/60/F Right tibia - + Small Large
11/40/M Left femur - - Small Small
12/41/M Right radius - - Small Small

T2*WI T2*-weighted imaging, T2WI T2-weighted imaging, large large amount, small small amount

hypointensity were classified into two categories, includ-
ing linear and nodular.

Second, the reviewers measured the maximum tumor
diameter on T2-weighted images. T2-weighted images
were also evaluated for the presence of well-circumscribed
margins, endosteal scalloping, expansile growth, corti-
cal disruption, hypointensity similar to skeletal muscles
(T2 hypointensity), septal formation, cystic formation,
fluid—fluid level formation, and internal homogeneity.
Fat-suppressed T2-weighted images were assessed for the
presence of periosteal reaction. T1-weighted images were
assessed for the presence of hyperintensity in comparison
to skeletal muscles (T1 hyperintensity).

Pathological assessment

A pathologist reviewed all open biopsy specimens. Patho-
logical assessment of hemosiderin deposition and hemor-
rhage was performed using 10 consecutive medium power
fields (200X magnification) stained with hematoxylin and
eosin (H&E).

First, a pathologist classified the amount of hemosiderin
deposition into two categories, including a large amount
of hemosiderin deposition (observed in 5-10 fields) and
a small amount of hemosiderin deposition (observed in
0—4 fields).

Second, a pathologist classified the amount of hemor-
rhage into two categories, including a large amount of hem-
orrhage (extravasated erythrocytes, which constituted more
than half of areas, were observed in 5-10 fields) and a small
amount of hemorrhage (extravasated erythrocytes, which
constituted more than half of areas, were observed in 0—4
fields).

Statistical analysis

All statistical analyses were performed using SPSS version
22.0 (SPSS Inc, IBM, Chicago, IL, USA). The Mann—Whit-
ney U test was used for comparing quantitative param-
eters, including patient age and maximum tumor diameter,
between GCTs with and without T2* hypointensity. Chi-
square test or Fisher’s exact test was used for comparing the
frequencies of T2 hypointensity, septal formation, cystic for-
mation, fluid—fluid level formation, internal homogeneity on
T2-weighted images, and T1 hyperintensity between GCTs
with and without T2* hypointensity. A p value of less than
0.05 was considered to be statistically significant.

Results

T2* hypointensity was observed in 6 out of 12 (50%) GCTs
(Figs. 1, 2). The configurations of T2* hypointensity were
linear in 5 of 6 (83%) GCTs and nodular in 1 of 6 (17%)
GCTs. On T2-weighted images, well-circumscribed margins
and endosteal scalloping were observed in 12 of 12 (100%)
GCTs, expansile growth in 11 of 12 (92%), cortical disrup-
tion in 10 of 12 (83%), T2 hypointensity in 10 of 12 (83%),
septal formation in 6 of 12 (50%), cystic formation in 4 of
12 (33%), fluid—fluid level formation in 3 of 12 (25%), and
internal homogeneity in 2 of 12 (17%). On fat-suppressed
T2-weighted images, periosteal reaction was observed in 12
of 12 (100%) GCTs. T1 hyperintensity was observed in 2 of
12 (17%) GCTs.

Table 1 summarizes the differences between GCTs with
and without T2* hypointensity. Marginally significant dif-
ferences between GCTs with and without T2* hypointen-
sity were observed for patient age (31.0+ 14.8 years vs.
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Fig.1 A 32-year-old man with GCT of left distal femur (case 5). a
T2-weighted fast spin-echo (TR/TE 4,000/106 ms) image shows a
heterogeneous lesion with solid and cystic components. Hypointen-
sity (arrow), septal formation (arrow head), cystic formation with
fluid—fluid level (curved arrow) are demonstrated within the tumor.
b T2*-weighted gradient-echo (TR/TE 584/13 ms) image shows lin-

46.7+10.6 years, p=0.065) and maximum tumor diam-
eter (62.5+25.0 mm vs. 37.5+7.2 mm, p=0.065). Septal
formation (83% vs. 17%; p <0.05) and cystic formation
(67% vs. 0%; p <0.05) on T2-weighted images was sig-
nificantly more frequent in GCTs with T2* hypointensity
compared to those without T2* hypointensity. However,
no significant differences were noted between GCTs with
and without T2* hypointensity in the frequency of T2
hypointensity (100% vs. 67%, p=0.227), fluid—fluid level
formation (50% vs. 0%, p=0.091), internal homogeneity
(0% vs. 33%, p=0.227), and T1 hyperintensity (33% vs.
0%, p=0.227).
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ear hypointensies (arrows) within the tumor. ¢ Open biopsy speci-
men (H&E stain, 200X magnification) shows hemosiderin deposition
phagocytosed by macrophages (arrows) among numerous extrava-
sated erythrocytes. This case was judged as a large amount of hemo-
siderin deposition and hemorrhage

The relationship between MR signal intensities and patho-
logical findings is summarized in Table 2. A large amount
of hemosiderin deposition was pathologically observed in 5
(cases 1-5) of 12 (42%) GCTs (Fig. 1) and a small amount of
hemosiderin deposition was observed in 7 (cases 6—12) of 12
(58%) GCTs (Figs. 2, 3, 4). Among the six GCTs with T2*
hypointensity, a large amount of hemosiderin deposition was
pathologically observed in five (83%) cases (case 1-5) (Fig. 1),
whereas a small amount of hemosiderin deposition was noted
in one (17%) case (case 6) (Fig. 2). Conversely, among the six
GCTs without T2* hypointensity, a small amount of hemosi-
derin deposition was pathologically observed in all six (100%)
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Fig.2 A 59-year-old man with GCT of right distal femur (case 6).
a T2-weighted fast spin-echo (TR/TE 4,000/100 ms) sagittal image
shows a heterogeneous lesion with solid and cystic components.
Hypointensity (arrow), septal formation (arrow head), cystic for-
mation (curved arrow) are demonstrated within the tumor. b T2*-
weighted gradient-echo (TR/TE 550/10 ms) sagittal image shows
linear hypointensies distributed in middle or lower part of the tumor

(cases 7-12) (Figs. 3, 4). Meanwhile, a large amount of hem-
orrhage was pathologically observed in 9 (cases 1-5, 7-10)
of 12 (75%) GCTs (Figs. 1, 3) and a small amount of hemor-
rhage was noted in 3 (cases 6, 11, 12) of 12 (25%) (Figs. 2, 4).
Among the 10 GCTs with T2 hypointensity, a large amount of
hemorrhage was pathologically observed in nine (90%) cases
(cases 1-5, 7-10) (Figs. 1, 3), whereas a small amount of
hemorrhage was observed in one (10%) case (case 6) (Fig. 2).
Conversely, among the two GCTs without T2 hypointensity, a
small amount of hemorrhage was pathologically observed in
all two (100%) (cases 11-12) (Fig. 4). Thus, 2 out of 12 (17%)

(arrows) and mildly hypointense stripes by truncation, Gibbs, or ring-
ing artifacts (arrow heads). ¢ Open biopsy specimen (H&E stain,
200x magnification) shows multinucleated giant cells without hemo-
siderin deposition (arrows). This case was judged as a small amount
of hemosiderin deposition and hemorrhage. d T2-weighted fast spin-
echo (TR/TE 4,000/100 ms) coronal image post open biopsy shows
posttreatment change in upper part of the tumor (arrow)

GCTs showed nonspecific hyperintensity without hypointense
areas on T2*- and T2-weighted images, reflecting a small
amount of hemosiderin deposition and hemorrhage (cases
11-12) (Figs. 4).

Discussion
On gross pathology, GCTs are eccentrically located in the

metaepiphysis of long bones and extend to the articular
surface. Usually, the overlying cortex undergoes resorption
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Fig.3 A 60-year-old man with GCT of left distal femur (case 10).
a T2-weighted fast spin-echo (TR/TE 4,000/100 ms) sagittal image
shows a heterogeneously hyperintense lesion (arrows) with hypoin-
tense areas (arrow heads). b T2*-weighted gradient-echo (TR/TE
550/10 ms) sagittal image shows heterogeneous hyperintensity within

and the tumor becomes covered by a thin shell of subperi-
osteal new bone, causing expansion of the contour of bone
[12]. GCTs may demonstrate aggressive features, such as
cortical destruction and associated soft-tissue mass [2].
The tumor tissue comprising GCTs is often soft, friable,
and fleshy, with a variable appearance, which includes
areas of fibrosis, necrosis, hemorrhage, hemosiderin depo-
sition, cystic formation, and xanthomatous histiocytes [3,
5]. The vascular stroma of GCTs usually contains numer-
ous thin-walled vascular channels, predisposing areas to
hemorrhaging [10, 13]. Areas of necrosis and hemorrhage
are often responsible for a prominent cystic appearance.
Cystic GCTs may mimic aneurysmal bone cysts; however,
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the tumor (arrows). ¢ Open biopsy specimen (H&E stain, 200X mag-
nification) shows multinucleated giant cells without hemosiderin
deposition (arrows) among numerous extravasated erythrocytes. This
case was judged as a small amount of hemosiderin deposition and a
large amount of hemorrhage

they contain additional solid areas with typical histological
features of GCTs.

Hemosiderin deposition is a characteristic pathological
feature of GCT and is associated with excessive amounts
of iron, usually caused by phagocytosed extravasated eryth-
rocytes [11, 13]. Aoki J et al. reported that a large amount
of hemosiderin was pathologically confirmed in 10 of 16
(61%) GCTs with hypointensity on MR images, whereas the
remaining 6 of 16 (39%) GCTs without hypointensity on MR
images revealed little-to-no hemosiderin deposition [11].
This suggests that the amount of hemosiderin is strongly
associated with hypointensity on MR images. Although
hypointensive areas within GCTs were demonstrated on
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Fig.4 A 40-year-old man with GCT of left distal femur (case 11).
a T2-weighted fast spin-echo (TR/TE 4,200/100 ms) image shows
a homogeneously mild hyperintense lesion (arrow) without hypoin-
tense areas. b T2*-weighted gradient-echo (TR/TE 584/11 ms) image
shows homogeneous hyperintensity within the tumor (arrows). ¢

T2*-weighted images in one case in this paper [11], to our
knowledge, no previous studies have assessed the detailed
T2*-weighted imaging findings of GCTs.

In the present study, T2* hypointensity was observed
in 6 of 12 (50%) GCTs. Among the six GCTs with T2*
hypointensity, a large amount of hemosiderin deposition was
pathologically observed in five (83%) cases, whereas a small
amount of hemosiderin deposition was observed in one
(17%) case. Conversely, among the six GCTs without T2*
hypointensity, a small amount of hemosiderin deposition
was pathologically observed in all six (100%). Although T2*
hypointensity within the tumor was clearly demonstrated in
case number 6, a small amount of hemosiderin deposition

Open biopsy specimen (H&E stain, 200x magnification) shows multi-
nucleated giant cells without hemosiderin deposition (arrows). This
case was judged as a small amount of hemosiderin deposition and
hemorrhage

was revealed by open biopsy specimen (Figs. 2). Possible
reasons for the discrepancy between radiological and patho-
logical findings using post-biopsy MR images were explored
and it was found that open biopsy sites assessed by an ortho-
pedic surgeon contained fewer hemorrhagic areas, suggest-
ing that T2* hypointensity within GCT corresponded with
hemosiderin deposition.

In the present study, T2* hypointensity was observed in
10 of 12 (83%) GCTs. Among the 10 GCTs with T2 hypoin-
tensity, a large amount of hemorrhage was pathologically
observed in 9 (90%) cases, whereas a small amount of hem-
orrhage was observed in one (10%) case. Conversely, among
the two GCTs without T2 hypointensity, a small amount of
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hemorrhage was pathologically observed in all two (100%).
As mentioned above, the discrepancy between radiological
and pathological findings was also observed in case number
6. Although collagenous fibrous tissue, granulomatous tis-
sue, and calcification are also possible causes of T2 hypoin-
tensity, it is suggested that T2 hypointensity within GCT
corresponded with hemorrhaging.

In this study, septal formation and cystic formation on
T2-weighted images were significantly more frequent in
GCTs with T2* hypointensity compared to those without.
Cystic formation is usually caused by necrosis and hem-
orrhage; thus, it is reasonable to conclude that GCTs with
hemosiderin deposition tend to have a cystic appearance.
Septal formation is considered to be similar in structure to
cyst walls; thus, both septal formation and cystic formation
are associated with intratumoral hemorrhaging.

This study has several limitations that should be noted.
First, the study was conducted at a single institution with
a small sample population. Although 33 patients with his-
topathologically proven GCT were confirmed, 1.5-T MR
imaging, including T2*-weighted imaging, was performed in
only 12 patients. This is because T2*-weighted imaging did
not usually include a routine protocol for bone tumors, and
T2*-weighted imaging was performed only in patients with
suspected GCT before MR examinations. Second, pathologi-
cal assessment was performed using open biopsy specimens.
Majority of the 12 patients were treated by curettage, making
an accurate radiological-pathological correlation difficult
to achieve using these specimens. In addition, we avoided
using curettage specimens for the pathological evaluation in
this study, because of the fact that open biopsy may cause
hemorrhaging in curettage specimens. Third, owing to the
retrospective nature of this study, two different MR scanners
were used; however, the results would not be considerably
different if images were obtained using the same MR scan-
ner, as only conventional MR sequences were assessed in
this study.

In conclusion, half of the GCTs showed T2* hypoin-
tensity, suggestive of hemosiderin deposition, whereas the
other half of GCTs did not show T2* hypointensity, due to a
small amount of hemosiderin deposition. In addition, a large
amount of hemorrhage was pathologically observed in 90%
of GCTs with T2 hypointensity. Conversely, a small amount
of hemorrhage was pathologically observed in all cases of
GCTs without T2 hypointensity. Consequently, GCTs rarely
showed non-specific hyperintensity without hypointense
areas on T2*- and T2-weighted images, reflecting a small
amount of hemosiderin deposition and hemorrhage.
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