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Abstract: The purpose was to investigate the clinical features, diagnosis, treatment, and prognosis of aneurysmal
bone cyst (ABC) secondary to giant cell tumors (GCT) of the extremities. Data from patients with ABC secondary to
GCT of the extremities were obtained from the medical records. Clinical features, imaging findings, pathologic diagnosis, surgical methods, and prognosis were analyzed. The median age of the patients was 33 years (range 15 to
52 years) and 83.3 percent were between 20 to 40 years. The lesions were mainly located in the proximal tibia and
distal femur, accounting for 63.3% (19/30). 21 patients were treated with curettage, and 9 with tumor resection.
The recurrence rates of the curettage group and resection group were 52.4% and 11.1% respectively. However, the
average postoperative (Musculoskeletal Tumor Society) MSTS score were 28.6±1.2 post-curettage, and 25.0±0.5
post-resection, with a significant difference between the 2 groups (P<0.01). In these relapsed patients, 10 underwent a second curettage, while 2 cases underwent a resection and there was no postoperative re-recurrence in
both groups. A comprehensive analysis should be performed when making the diagnosis of ABC secondary to GCT.
Although the recurrence rate is higher, curettage is still the optimal method for satisfactory joint function. If recurrence occurs after the first curettage, a second curettage should be performed.
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Introduction
Giant cell tumor (GCT) is a benign lesion, but
has a high tendency for recurrenceand invasion
[1]. GCT is more likely to occur in patients between 20-40 years of age. Common locations
of GCT are around knee, including the proximal
tibia and distal femur [2]. Aneurysmal bone cyst (ABC) is made up of several cystic cavities
which contain uncongealable blood. The individual cystic cavities are separated by septa,
which are composed of fibrous tissues, blood
capillaries and giant cells [3, 4]. Aneurysmal
bone cysts are usually located in long bones
including proximal tibia, distal femur, and proximal humerus. Unlike GCT, ABCs always invade
the epiphyseal ends of long bones. Also, the
most frequent age for ABC is 10-20 years [5, 6].
However, the pathogenesis of ABC arising from
GCT remains unclear. Some scholars believe

that the growth of the GCT causes an internal
vascular disorder and arteriovenous fistula
formation. The hemodynamic changes caused
by the fistula lead to vasodilation and bone
destruction, resulting in the formation of ABC
[7]. Others believe that internal hemorrhaging
of GCT may lead to reactive hyperplasia of the
bone, and the formation of ABC [8].
Intralesional curettage and tumor resection are
the primary treatment methods for ABC secondary to GCT. Whether the secondary ABCs
affect the treatment outcome and postoperative recurrence of GCTs remains controversial
among surgeons. Some scholars believe that
the presence of secondary ABC has little effect
on the surgical outcomes [9]. However, others
believe that secondary aneurysmal bone cysts
may significantly increase the amount of intraoperative bleeding, and increase the surgical
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difficulty of GCTs as compared to simple GCTs
[10].

Materials and methods

tumor tissue. In case of excessive hemorrhage,
gauze may have been used for temporal hemostasis until the bleeding point(s) are located
and successfully electrocoagulated. Finally, the
residual cavity was filled with bone cement,
autografted bone or allogenic bone. En-bloc
resection was aimed at complete elimination
of the tumor with little regard to function, in
order to limit the chances of recurrence. The
reconstruction requirements post en-bloc varied according to the location of the primary
lesion. Artificial joint reconstruction, free fibular grafts for the distal radius, or no reconstruction (in the case of fibula tumors) may have
been employed.

Clinical Information

Statistical methods

This is an observational study. The study protocol was approved by the Medical Ethics
Committee of the First Affiliated Hospital of
Guangxi Medical University, Approval number:
2019 (KY-E-090). Between January 2010 and
June 2016, a total of 30 cases of ABC secondary to GCT were retrospectively enrolled in this
study. The inclusion criteria: (1) There was a
post-operative pathologic confirmation of ABC
secondary to GCT; (2) Patient data including
diagnosis, treatment, and follow-up are complete. The exclusion criteria: (1) Single GCT or
ABC; (2) Recurrent lesions; (3) Patients who
refused surgery; (4) Lesions located other than
in an extremity; (5) Patients with incomplete
follow-up data.

The chi-square test and Fisher’s exact test were
used to assess different rates between groups.
The difference between two independent samples was statistically analyzed using the MannWhitney U test for non-parametric analysis.
Statistical significance was defined as P<0.05.
All analyses were performed with IBM SPSS
(version 22.0).

As far as we know, there are few reports specializing in ABC secondary to GCT. However, the
diagnosis and treatment of the disease remain
challenging. This study retrospectively analyzed 30 patients with ABC secondary to GCT,
diagnosed and treated at our institution. The
clinical features, imaging findings, histopathologic findings, surgical methods, and prognosis
of each case were analyzed and summarized to
provide complete clinical information.

Preoperative diagnosis
All patients underwent preoperative X-ray scans
of the affected limbs. 25 underwent an additional CT scan while 7 underwent MRI. Preoperative biopsy was performed in 10 of the
analyzed cases. Among all cases, 6 were diagnosed with ABC secondary to GCT, 3 with simple GCT, and 1 with primary ABC.
Surgical method
Of these patients, 21 underwent intralesional
curettage and 9 underwent en-bloc tumor resection. Curettage was usually used in patients
with small tumor volume, no articular surface
invasion or a soft tissue mass. Otherwise, surgical resection was performed, which involves
the use of a bone chisel to open the outer cyst
wall following exposure. Different sizes of curettes were then used to quickly scrape out the
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Follow-up
The patients were followed up through outpatient service and telephone consultation during
the first year postoperative, and follow-up was
scheduled every 3 months. It was then scheduled once every 6 months during the second
year postoperative after which it was once
annually from the second to the fifth years.
Affected limbs were scored according to the
Musculoskeletal Tumor Society Score (MSTS)
[11].
Results
Clinical features
There were 18 men and 12 women with an
average age of 33 years (range 15-52 years).
There were 2 cases in the 15-20 year range, 25
cases in the 20-40 year range, and 3 cases
over the age of 40 years. The tumor locations
were mostly around the knee joint: 11 of the
cases were located in the distal femur, 8 in the
proximal tibia, 3 in the proximal humerus, 2
cases each located in the distal radius and
calcaneus, and 1 case in the proximal fibula.
According to the Campanacci grading, there
were 4 cases of Campanacci grade I, 6 CamAm J Transl Res 2022;14(5):3198-3206
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Table 1. Data of patients with aneurysmal bone cyst secondary to giant cell tumor
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Medical
Age
BMI
Sex history
(years)
(kg/m2)
(month)
30
M
2
24.7
41
M
1
25.6
32
M
7
23.1
43
F
5
26.8
46
F
4
27.2
36
M
5
26.4
33
M
2
25.7
15
M
4
18.3
26
M
5
23.5
43
M
11
21.0
24
M
2
22.8
25
F
4
20.7
42
M
9
26.6
34
F
4
23.4
36
M
15
22.8
27
F
5
24.2
35
F
8
23.9
31
M
2
22.4
52
F
9
27.3
29
F
10
18.4
38
M
7
24.3
26
F
4
20.8
38
M
8
26.2
25
M
7
19.9
30
F
4
21.7
30
M
3
24.5
34
F
3
24.4
24
F
2
18.5
36
M
3
25.9
29
M
5
21.6

Location

Campanacci grade

Surgical
method

Distal femur
Distal femur
Proximal tibia
Distal femur
Distal femur
Proximal tibia
Proximal femur
Proximal femur
Proximal humerus
Proximal tibia
Distal femur
Distal femur
Proximal tibia
Proximal tibia
Calcaneus
Distal radius
Dibula
Proximal tibia
Distal radius
Proximal humerus
Calcaneus
Proximal humerus
Distal femur
Proximal humerus
Distal femur
Proximal tibia
Proximal tibia
Distal femur
Proximal tibia
Distal femur

3
3
3
1
3
3
2
1
3
3
2
1
3
3
3
2
3
3
3
3
2
3
1
2
3
3
3
2
1
3

Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Curettage
Resection
Curettage
Curettage
Curettage
Resection
Resection
Resection
Curettage
Curettage
Curettage
Curettage
Resection
Resection
Resection
Curettage
Curettage
Curettage
Curettage

panacci grade II cases, and 20 Campanacci
grade III cases. All 30 patients reported local
symptoms, of whom 12 had obvious local masses (Table 1).
Preoperative imaging and biopsy
The preoperative X-ray and CT scan of the secondary ABC showed an eccentric and expansile
bone lesion. When the patient’s condition was
serious, cortical destruction by a soft mass
was observed (Figure 1A, 1B). CT findings provided more clarity in distinguishing between a
solid GCT lesion and a cystic secondary ABC
lesion (Figure 2A), and some characteristic
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Bone
Recurrence
cement
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
N
/
N
Y
N
/
/
/
N
Y
N
N
/
/
/
Y
Y
Y
Y

Y
Y
N
Y
Y
N
N
N
N
Y
Y
Y
N
Y
N
N
Y
N
N
Y
N
N
Y
N
N
N
Y
N
N
N

Relapse
time
(months)
1
6
/
6
2
/
/
/
/
2
2
1
/
12
/
/
14
/
/
24
/
/
20
/
/
/
1
/
/
/

changes such as intralesional sclerosing
(Figure 3A), wide indentations, and bone ridges
(Figure 3B) were clearly seen. In this study,
there were 7 cases with obvious wide indentations, 5 cases with intralesional sclerosis, and
3 cases with intralesional calcification (Figure
3B). On MRI, ABC lesions were characterized
by enlarged masses with lobulated outer margins. The lesions were also found to have low
signal intervals on both T1WI and T2WI. The
fluid in the cystic cavity showed uneven low or
medium-high signal on T1WI sequence and an
uneven high signal on T2WI (Figure 1C). On
enhanced scans, the scanning interval within
the capsule and capsular wall were generally
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improved; however, the cystic
part did not show any obvious improvement (Figure 1D).
Among the cases reviewed for
this study, 5 underwent preoperative MRI scans, with 2
of them showing obvious fluid-fluid levels.
Preoperative biopsy was performed in 10 of the cases
reviewed, and only 6 among
them were consistent with
postoperative pathology. Three of the reviewed cases
were misdiagnosed as simple GCT, while 1 was misdiagnosed as primary ABC.
Preoperative diagnosis
According to the preoperative
clinical manifestations, imaging findings, and histopathologic findings, 21 of the 30
reviewed cases were diagnosed as secondary ABC, 6
cases as simple GCT of bone,
and 3 cases as primary ABC.
Follow-up
Curettage was generally used
for small tumor volumes, with
no invasion of the articular
surface and no soft tissue
mass formation. Otherwise,
resection was performed.
Among the 30 reviewed cases, 21 underwent intralesional curettage while 9 underwent surgical resection. The
average amount of intraoperative blood loss during intralesional curettage was 404
ml (range 150-500 ml), while
the average blood loss by
resection was 270 ml (range
100-430 ml).
Figure 1. A case of ABC secondary to giant cell tumor located in the distal
femur. A, B. X-ray showed multiloculated osteolytic cortical destruction with a
soft tissue mass; C. T2WI transverse section of MRI exhibited fluid-fluid interface (Red arrow); D. T1WI transverse section of enhanced MRI revealed interval within the capsule and the capsular wall are generally improved; however,
the cystic part does not show any obvious enhancement; E. Internal anatomy
of the secondary ABC shows multi-lobulated cystic architecture containing a
mixture of coagulated and uncoagulated blood.
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Recurrence occurred in 11
post-curettage cases (recurrence rate 52.4%), and 1 in
resection case (recurrence rate 11.1%). The difference between the two groups was significant (P=0.049). The recur-
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stromal cells with several diffuse multinucleated giant cells were observed, and the
nuclear sizes of the multinucleated giant cells were similar to those of the stromal cells, which demonstrated the presence of GCT. Also,
the typical structure of aneurysmal bone cyst was perceived next to the GCT. These structures appeared as
a group of blood-filled cavities separated by septa containing stromal spindle cells,
fibroblasts, bone trabeculae,
histiocytes, hemosiderin-filled macrophages, capillaries,
and giant cells (osteoclasts)
(Figure 2B, 2C).
Discussion
Figure 2. A case of secondary ABC associated with a giant cell tumor of the
proximal tibia. A. The solid GCT lesion (black triangle) and the cystic secondary ABC lesion (white triangle) can be easily distinguished on computerized
tomographic (CT); B, C. Postoperative pathology showed that the solid part of
the lesion was composed of mononuclear stromal cells with scattered multinucleated giant cells. Bar =100 μm, H&E stain, 10×40 and 10×100.

rence rate was 42.9% (six of fourteen) in
patients using bone cement and 71.4% (five of
seven) in patients without bone cement; the
difference was not significant (P=0.361). The
time to recurrence ranged from 1 to 24 months postoperatively with a mean of 7.6 months.
The average postoperative MSTS scores were
28.6±1.2 post-curettage, and 25.0±0.5 postresection, with a significant difference between the 2 groups (P<0.01). 10 of the relapsed cases underwent a second curettage, while
one case underwent a resection and the other
one underwent a second resection. There was
no postoperative recurrence in either case.
Postoperative pathologic findings
All patients with ABC secondary to GCT were
pathologically confirmed after surgery. Gross
analysis of the pathologicspecimens showed
obvious cystic expansion and dilatation of the
bones; the cortical bone was thin with varying
degrees of damage to its integrity. The internal
anatomy of the secondary ABC showed a
multi-lobulated cystic architecture containing a
mixture of coagulated and uncoagulated blood
(Figure 1E). Under microscopy, mononuclear
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Many studies have focused
on simply GCT or ABC [12],
but there are few reports
concerning ABC secondary to
GCT of the extremities, and
this has caused some misdiagnosis of the disease to many clinicians.
Additionally, whether secondary ABC affects
the therapeutic outcome of GCT remains controversial.
The results of this study show that the clinical
features of ABC secondary to GCT are different
from those of primary ABC, but similar to those
of simple GCT. Primary ABC occurs mostly in
adolescents, with 80% of cases occurring in
patients less than 20 years [13, 14], while simple GCT occurs mostly between the ages of
20-40 years. The age of patients can therefore
be used for differential diagnosis. In cases with
onset between 20 to 40 years, simple GCT or
ABC secondary to GCT may be considered. In
this study, ABC secondary to GCT was mostly
located in the epiphyseal ends of the long
bones, while primary ABC was located in the
epiphysis and diaphysis of the involved long
bones (2). Hence, the location of ABC may
also be an important indicator of the differentiation.
Radiography is essential for the diagnosis of
ABC secondary to GCT. X-ray examination is the
preferred choice for simple GCT diagnosis since
Am J Transl Res 2022;14(5):3198-3206
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Figure 3. The CT of two patients diagnosed with ABC secondary to giant cell tumor showed some characteristic
changes. A. Sclerotic rim; B. Wide indentations (Black arrow) and bone ridges (Red arrow).

it is relatively cheap and easily available in hospitals and clinics. X-ray can be used to identify
the lesion as a low density area with different
degrees of swelling. It can also detect cortical
integrity and whether or not there is a pathological fracture. However, X-ray has low specificity and limited diagnostic value in distinguishing ABC from secondary or primary ABC
of GCT. Therefore, CT or MRI is often needed to
aid further diagnosis [15]. In this study, none of
the cases was diagnosed exclusively using
X-ray. On CT, the lesions are much clearer, and
are characterized as a cystic mass with thin
wall and either intact or incomplete cortical
bone shell [16]. Primary solid lesions and secondary cystic foci can be also distinguished on
CT, which is an important basis for diagnosis
of ABC secondary to GCT. (Figure 2A). At the
same time, the presence of wide indentations
and bone ridges (Figure 3B) can suggest the
possibility of a secondary ABC. Outward pressure exerted by the rapidly expanding secondary ABC causes a wide indentation and the
development of bone ridges [17]; these changes are usually absent in simple GCT cases. The
presence of calcified shadows in the lesion and
sclerosing edges could also suggest that the
lesion is ABC secondary to GCT (Figure 3A),
since such changes are also absent in simple
GCT [16, 18]. In this study, 7 of the cases reviewed had signs of wide indentations, 3 had
signs of intralesional calcifications, and 5 cases had signs of sclerosing edges. MRI produces
better resolution images of fluid and soft tissue
changes in both the primary and secondary
lesions. In some cases, a typical fluid-fluid level
(Figure 1C), formed by blood accumulation in
3203

the cyst cavity could be seen. This is suggestive
of ABC secondary to GCT, as such changes are
usually absent in primary GCT. Enhanced MRI
scans provide obvious enhancement of the
GCT as well as the edges of the secondary ABC.
However, there were no internal enhancements
in the cysts. Hence, these different enhancement features can be used to distinguish between simple GCT and ABC secondary to GCT
(Figure 1D).
Preoperative biopsy is of significant value for
the definitive diagnosis of ABC secondary GCT.
However, because the puncture samples obtained for biopsies are limited in scope, some
primary or secondary lesions may be misdiagnosed [19]. Among the 10 cases who underwent preoperative biopsies, 6 were consistent
with their postoperative histopathologic findings, while 3 were postoperatively found to
have been misdiagnosed as simple GCT and 1
as primary ABC. Therefore, a combination of
clinical features, imaging findings, and preoperative biopsy findings is necessary for the
definitive preoperative diagnosis of secondary
ABC. To confirm the diagnosis of ABC secondary GCT, both structures of these two diseases
should be observed microscopically. The pathologic characteristics of GCT include multinucleated giant cells and some round or oval
stromal cells. The nuclei of the multinucleated
giant cells were similar in size to those of the
stromal cells. Concurrently, cystic structures
filled with blood cells often appear next to
GCT structures. Also, septa containing reactive
osteoid material with osseous trabeculae, lined
with plump osteoblasts were observed in the
Am J Transl Res 2022;14(5):3198-3206
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lesion. The impact of secondary ABC on the
treatment of GCT remains controversial. Some
scholars believe that secondary ABC has no
significant impact on the efficacy of GCT treatment [19, 20]; however, these studies were
mostly case reports with limited follow-up periods. In this study, the recurrence rate following
intralesional curettage was 52.4%, which is
significantly higher than the currently reported
recurrence rate for simple GCT (10%-20%) [2123]. Therefore, this shows that the secondary
ABC may have increased intraoperative bleeding, blurred the field of vision, and increased
the difficulty of complete removal of the lesion,
eventually leading to the high recurrence rate.
To control the intraoperative excessive hemorrhage, gauze packing can be used until the
individual bleeding points are successfully
stopped. Close attention should also be paid
to postoperative follow-up and treatment
planned if recurrence is suspected. In this
study, there were a total of 12 recurrences following surgical treatment. Ten of the relapsed
cases underwent a second curettage, while 2
cases underwent a resection. There was no
postoperative recurrence in either case. We
therefore believe that in case of postoperative
recurrence of ABC secondary to GCT, a second
curettage could be performed for its lower rerecurrence rate and better postoperative function of the limb.
Previous studies have reported that the recurrence rate after surgical resection is low, but
the function of the affected limb and postoperative quality of life are significantly reduced.
The recurrence rate following intralesional curettage is high, but the limb function is usually
affected to a limited degree, making it the surgical choice for most surgeons and patients
[24-27]. The recurrence rate in this study after
curettage was significantly higher than that
after surgical resection (52.4% vs. 11.1%, P<
0.05). However, the follow-up MSTS scores were better in the post-curettage cases than in
the post-resection cases (28.6 vs. 25.0, P<
0.01). There was no significant difference in
recurrence between the two groups (37.5% vs.
71.4%, P=0.193), which could be attributed to
the small sample size. Other adjuvant therapies, such as liquid nitrogen, phenol, or argon,
were not used for uncertain efficacy and possible side effects according to studies [21, 22].
Many authors suggested that the surgical stan-
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dard treatment should be extensive curettage
followed by using the burr [26, 27]. However, all
patients included in our study were selected
from January 2012 and June 2016, during
which time the burr had not yet been applied in
our hospital. However, we still believe that if a
burr is available curative effect is good. Based
on these findings, we hold that simple curettage is best for GCT with integrity of bone cortex, while extensive curettage should be used
in lesions with high recurrent risk, such as
when combined with ABC. Additionally, when
the tumor breaks through the cortex or even
combines with a soft mass, en-bloc resection
should be performed.
There are several limitations to our study. First,
the sample size involved in this study was insufficient. Second, we did not include some
patients with ABC or GCT patients as controls.
Also, this was a retrospective study. Therefore,
prospective research with a larger sample size
is necessary.
Conclusion
A comprehensive analysis should be performed during the diagnosis of ABC secondary to
GCT. Intralesional curettage should be done as
first choice of treatment and if recurrence
occurs, a second curettage can be performed.
Acknowledgements
This study was sponsored by International
Joint Laboratory on Regeneration of Bone and
Soft Tissues and International Communication
of Guangxi Medical University Graduate Education. This study was supported by International Joint Laboratory on Regeneration of
Bone and Soft Tissues, the International
Communication of Guangxi Medical University
Graduate Education, the Natural Science
Foundation of Guangxi Province (2017GXNSFBA198098), Guangxi Young and Middleaged Teacher’s Basic Ability Promoting Project
(KY2016YB097) the Open Project of Guangxi
Key Laboratory of Regenerative Medicine
(201806), Self-funded project of Health
Commission of Guangxi Zhuang Autonomous
Region (Z20210520).
Disclosure of conflict of interest
None.

Am J Transl Res 2022;14(5):3198-3206

Aneurysmal bone cyst secondary to giant cell tumor
Address correspondence to: Dr. Xinli Zhan, Department of Orthopedics, The First Affiliated Hospital of Guangxi Medical University, No. 6
Shuangyong Road, Nanning 530021, Guangxi,
China. Tel: +86-0771-5356189; E-mail: zhanxinli@
stu.gxmu.edu.cn; Dr. Haijun Tang, Department of
Orthopaedics, Minzu Hospital of Guangxi Zhuang
Autonomous Region, 232 Mingxiu Dong Road,
Nanning 530000, Guangxi, China. Tel: +86-07713117032; E-mail: 976267410@qq.com

References
[1]

van der Heijden L, Dijkstra S, van de Sande M
and Gelderblom H. Current concepts in the
treatment of giant cell tumour of bone. Curr
Opin Oncol 2020; 32: 332-338.
[2] Noh BJ and Park YK. Giant cell tumor of bone:
updated molecular pathogenesis and tumor
biology. Hum Pathol 2018; 81: 1-8.
[3] Mankin HJ, Hornicek FJ, Ortiz-Cruz E, Villafuerte
J and Gebhardt MC. Aneurysmal bone cyst: a
review of 150 patients. J Clin Oncol 2005; 23:
6756-6762.
[4] Biesecker JL, Marcove RC, Huvos AG and Miké
V. Aneurysmal bone cysts. A clinicopathologic
study of 66 cases. Cancer 1970; 26: 615-625.
[5] Martinez V and Sissons HA. Aneurysmal bone
cyst. A review of 123 cases including primary
lesions and those secondary to other bone pathology. Cancer 1988; 61: 2291-2304.
[6] Lin WC, Wu HT, Wei CJ and Chang CY. Aneurysmal bone cyst arising from fibrous dysplasia of
the frontal bone (2004:2b). Eur Radiol 2004;
14: 930-932.
[7] Lichtenstein L. Aneurysmal bone cyst; observations on fifty cases. J Bone Joint Surg Am
1957; 39-A: 873-882.
[8] Campanacci M, Cervellati C, Donati U and
Bertoni F. Aneurysmal bone cyst (a study of
127 cases, 72 with longterm follow up). Ital J
Orthop Traumatol 1976; 2: 341-353.
[9] Sherwani RK, Zaheer S, Sabir AB and Goel S.
Giant cell tumor along with secondary aneurysmal bone cyst of scapula: a rare presentation.
Int J Shoulder Surg 2008; 2: 59-61.
[10] Wu Z, Yang X, Xiao J, Feng D, Huang Q, Zheng
W, Huang W and Zhou Z. Aneurysmal bone cyst
secondary to giant cell tumor of the mobile
spine: a report of 11 cases. Spine (Phila Pa
1976) 2011; 36: E1385-1390.
[11] Enneking WF, Dunham W, Gebhardt MC,
Malawar M and Pritchard DJ. A system for the
functional evaluation of reconstructive procedures after surgical treatment of tumors of the
musculoskeletal system. Clin Orthop Relat Res
1993; 241-246.

3205

[12] Alraiyes TM, Stavropoulos NA, Alaseem A, Jung
S and Turcotte RE. Periosteal aneurysmal bone
cyst. Lancet Oncol 2018; 19: e218.
[13] Patel PJ, Demos TC, Lomasney LM and Rapp
T. Your diagnosis? Aneurysmal bone cyst.
Orthopedics 2005; 28: 428, 507-411.
[14] Park HY, Yang SK, Sheppard WL, Hegde V,
Zoller SD, Nelson SD, Federman N and
Bernthal NM. Current management of aneurysmal bone cysts. Curr Rev Musculoskelet
Med 2016; 9: 435-444.
[15] Cui J, Xia X, Tian N, Sun S, Sui X, Gao C and Liu
X. CT and MRI features of giant cell tumours
with prominent aneurysmal bone cysts in the
extremities: a comparison with primary aneurysmal bone cysts. Clin Radiol 2021; 76: 157.
e119-157.e126.
[16] Cakirer S, Cakirer D and Kabukcuoglu F.
Aneurysmal bone cyst of the orbit: a case of
rare location and review of the literature. Clin
Imaging 2002; 26: 386-391.
[17] Gutierrez LB, Link TM, Horvai AE, Joseph GB,
O’Donnell RJ and Motamedi D. Secondary aneurysmal bone cysts and associated primary
lesions: imaging features of 49 cases. Clin
Imaging 2020; 62: 23-32.
[18] Chakarun CJ, Forrester DM, Gottsegen CJ,
Patel DB, White EA and Matcuk GR Jr. Giant
cell tumor of bone: review, mimics, and new
developments in treatment. Radiographics
2013; 33: 197-211.
[19] Low SF, Hanafiah M, Nurismah MI and Suraya
A. Challenges in imaging and histopathological
assessment of a giant cell tumour with secondary aneurysmal cyst in the patella. BMJ
Case Rep 2013; 2013: bcr2013200790.
[20] Anchan C. Giant cell tumor of bone with secondary aneurysmal bone cyst. Int J Shoulder
Surg 2008; 2: 68.
[21] Prosser GH, Baloch KG, Tillman RM, Carter SR
and Grimer RJ. Does curettage without adjuvant therapy provide low recurrence rates in
giant-cell tumors of bone? Clin Orthop Relat
Res 2005; 211-218.
[22] Mendenhall WM, Zlotecki RA, Scarborough MT,
Gibbs CP and Mendenhall NP. Giant cell tumor
of bone. Am J Clin Oncol 2006; 29: 96-99.
[23] Turcotte RE. Giant cell tumor of bone. Orthop
Clin North Am 2006; 37: 35-51.
[24] Takeuchi A, Suwanpramote P, Yamamoto N,
Shirai T, Hayashi K, Kimura H, Miwa S, Higuchi
T, Abe K and Tsuchiya H. Mid- to long-term clinical outcome of giant cell tumor of bone treated with calcium phosphate cement following
thorough curettage and phenolization. J Surg
Oncol 2018; 117: 1232-1238.
[25] Hu P, Zhao L, Zhang H, Yu X, Wang Z, Ye Z, Wu
S, Guo S, Zhang G, Wang J, Ning X, Hu Y and
Zhang Y. Recurrence rates and risk factors for

Am J Transl Res 2022;14(5):3198-3206

Aneurysmal bone cyst secondary to giant cell tumor
primary giant cell tumors around the knee: a
multicentre retrospective study in China. Sci
Rep 2016; 6: 36332.
[26] Niu X, Zhang Q, Hao L, Ding Y, Li Y, Xu H and Liu
W. Giant cell tumor of the extremity: retrospective analysis of 621 Chinese patients from one
institution. J Bone Joint Surg Am 2012; 94:
461-467.

3206

[27] Errani C, Ruggieri P, Asenzio MA, Toscano A,
Colangeli S, Rimondi E, Rossi G, Longhi A and
Mercuri M. Giant cell tumor of the extremity: a
review of 349 cases from a single institution.
Cancer Treat Rev 2010; 36: 1-7.

Am J Transl Res 2022;14(5):3198-3206

