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Oncology and functional prognosis are both vital in the 
surgical treatment of RGCTs around the knee joint
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Abstract: Aims: To explore and provide reasonable surgical options for recurrent giant cell tumors of bone (RGCTs) 
around the knee joint and compare the pros and cons of extended curettage (EC) and segmental resection (SR). 
Materials and methods: A retrospective analysis was performed of 22 patients (11 male, 11 female; mean age, 
34.1 years) with RGCT around the knee joint treated in our hospital between June 2007 and June 2017. Average 
recurrence time was 14.2 ± 4.7 months. Basic clinical data, including Campanacci grade, lesion location, filler 
materials, pathological fracture, were recorded. Based on different reoperation methods, patients were divided into 
the EC and SR groups. Patients were regularly followed up; and recurrence, metastasis, local complications such 
as osteoarthritis, infection, prosthesis loosening, were recorded. Patient function and surgical efficacy were evalu-
ated using the musculoskeletal tumor society (MSTS) score and Mankin score, respectively. Results: Postoperative 
recurrence occurred in one patient in both groups, and no difference in the prognosis of oncology was observed 
between the groups. In the EC group, seven patients developed postoperative complications, but required no surgi-
cal treatment, whereas in the SR group, five patients developed postoperative complications and surgical treatment 
was performed on two patients. There were significant differences in the functional prognosis and surgical efficacy 
between the two groups; however, the EC group showed more satisfactory results. Conclusion: The oncological and 
functional prognosis of patients with RGCT around the knee joint is vital. EC should be considered as the first-line 
treatment, unless the tumors severely invade the surrounding soft tissues or are accompanied by complex fractures 
with significant displacement leading to no surgical curettage boundary.

Keywords: Recurrent giant cell tumors of bone, knee joint, extended curettage, segmental resection, oncology 
prognosis, functional prognosis

Introduction

Giant cell tumor of bone (GCTB) is a benign but 
invasive primary bone tumor, accounting for 5% 
of primary bone tumors that often occur at the 
ends of long bones of extremities [1]. GCTB has 
unpredictable biological behavior with locally 
aggressive growth, frequent local recurrences, 
multifaceted histological appearance, and po- 
tential pulmonary metastases [2]. In most ca- 
ses, GCTB occurs around the knee joint, espe-
cially in the distal femur and proximal tibia, with 
a peak morbidity between the third and fourth 
decades and a slight predominance in females 
[3, 4]. Surgical intervention is the most effec-
tive treatment, and the common surgical meth-
ods are extended curettage (EC) [5, 6] and seg-
mental resection (SR) [7-9]. EC has a higher 
unsatisfactory recurrence rate, but it preserves 

adjacent joint function [5]. On the other hand, 
SR has a lower recurrence rate, but joint func-
tion is greatly damaged, and bone reconstruc-
tion and joint intractability as well as long-term 
complications are more frequent [10, 11]. Re- 
gardless of the type of surgery, postoperative 
recurrence of GCTB remains a major predica-
ment in clinical diagnosis and treatment, espe-
cially around the knee joint.

As the treatment of recurrent GCTB (RGCTs) of 
bone around the knee is complicated, the likeli-
hood of recurrence and secondary malignant 
transformation is further increased [12, 13]. 
Hence, choosing an effective treatment meth-
od to balance the oncological and functional 
prognosis is the key and difficult point of reop-
eration. Unfortunately, no widely held consen-
sus or clinical guidelines regarding the optimal 
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treatment options exist. Therefore, we conduct-
ed this study to retrospectively analyze the  
clinical data of patients with RGCT around the 
knee between June 2007 and June 2017. We 
compared the clinical efficacy of EC and SR  
in the treatment of RGCT around the knee, 
focusing on the analytical difference between 
the two surgical methods in the oncological 
prognosis, functional prognosis, and postoper-
ative complications, to provide clinical experi-
ence and a theoretical basis for treatment.

Materials and methods

General conditions of the patients and selec-
tion criteria

Between June 2007 and June 2017, 275 pa- 
tients with GCT were treated at our hospital. 
GCT was located around the knee joint in 128 
patients, of whom 27 were recurrenced cases 
and the lesions were located in the distal fe- 
mur or proximal tibia. Preoperative pathologi- 

tumors and after considering the biological ch- 
aracteristics of local invasiveness of GCT, we 
adopted EC and SR for treatment.

EC was performed on Campanacci grade II and 
some grade III patients who had mild invas- 
ion of soft tissue, integrity of articular surface, 
and no obvious displacement of pathological 
fracture. The scar was excised from the original 
incision site, and the soft tissue around the 
lesion was strictly protected. The original filler 
and internal fixation materials were removed. 
The cavity of the tumors was treated with differ-
ent sizes of curette, high-speed drilling, and 
argon air knife successively, followed by repe- 
ated flushing with a pulse gun. Iodine tincture 
was then smeared on the wall of the cavity, 
which was rinsed repeatedly every 2 minutes. 
The bone defect of the tumor cavity was re- 
paired with allogeneic bone and bone cement 
(Figure 1). The allogeneic bone was transplant-
ed to the subchondral bone with a thickness of 

Figure 1. Characteristics of recurrence after curettage and bone grafting. 
A-C. GCTB of the distal right femur recurred 9 months after curettage and 
bone grafting. Radiographs showed obvious eccentric expansion osteolytic 
lesions, CT and MRI can see the general boundary and the scattered high-
density area in the focus is the original filling material. D, E. Radiographs of 
6 months after the treatment with expanded curettage, subchondral bone 
grafting and cement filling.

cal diagnosis was confirmed 
by needle puncture and Cam- 
panacci grading II~III. X-ray, 
computed tomography (CT), 
and magnetic resonance im- 
aging (MRI) of the lesions 
were routinely performed in 
all patients before surgery to 
determine the tumor size and 
soft tissue invasion. Pulmon- 
ary CT was performed to de- 
termine the presence of pul-
monary metastasis. The inclu-
sion criteria were: 1) patient 
with RGCT; 2) lesion locat- 
ed around the knee joint; 3) 
single-site lesion; 4) surgical 
treatment was performed; 5) 
complete follow-up data with 
a follow-up time >24 mon- 
ths. The study was based on 
the Declaration of Helsinki 
1964 and subsequent am- 
endments and written infor- 
med consents were obtained 
from the patients or their le- 
gal guardians.

Surgical technique

Based on the classification 
methods of Enneking’s [14] 
principle of resection of bone 
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at least 1 cm. Finally, a locking plate was used 
to prevent ‘ball effect’ [15] (Figure 2).

SR was performed for patients whose lesions 
broke through the bone cortex with extensive 
involvement of the surrounding soft tissue, 
complicated type C fracture or fracture involv-
ing the articular surface with obvious displace-
ment (Figure 3). The incision was made along 
the original biopsy puncture tract, and then the 
blood vessels and nerves of the lower limbs 
were properly freed. Osteotomy was performed 
at the diaphysis >3 cm above the lesion and 
frozen margin examination was performed. Co- 
mbined artificial prosthesis was used to recon-
struct the bone defect and restore joint func-
tion (Figure 4), and the sartorius or gastrocne-
mius muscle flap was transferred to properly 
cover the prosthesis.

Postoperative management and follow-up

Postoperative prophylactic anti-infection was 
administered for 72 h. Patients who underwent 
EC were able to perform partial half-weight-

bearing activities after removal of the drainage 
tube. However, patients with SR in the proxi- 
mal tibia were fixed with plaster for 4 weeks, 
and functional exercises were performed after 
wound healing. The follow-up protocol consist-
ed of radiography every 3 months to 2 years, 
followed by postoperative bi-annual radiogra- 
phs for 4 years, and annual radiographs in the 
following years to evaluate oncological progno-
sis, functional prognosis, and complications. 
Additionally, pulmonary CT was reexamined bi-
annually to prevent metastasis. The function 
was evaluated by the MSTS scoring system 
[16]. Furthermore, complications such as os- 
teoarthritis, intra-articular fracture, infection, 
periprosthesis fracture, prosthesis loosening, 
etc. were recorded. The severity of osteoarthri-
tis was assessed using Kellgren-Lawrence 
grades (K-L grades) [17].

Statistical analysis

SPSS software version 20.0 (IBM Corp., Arm- 
onk, NY) was used for data analysis. Quan- 
titative data were expressed as mean ± stan-

Figure 2. The procedure of expanded curettage and cement filling. A. Thoroughly expose the lesion to ensure the 
operation under direct vision. B. Remove the tumor tissue and flush the cavity to ensure that the visible lesions 
are removed. C. Burn the cavity with argon knife to kill the remaining micro tumor lesions. D. High speed drilling to 
remove the cauterization bone and residual bone ridge. E. Cotton balls with iodine tincture were used to smear the 
cavity wall for 3 min. F. Bone grafting, cement filling and steel plate fixation were performed successively.
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dard deviation, while qualitative data were ex- 
pressed as frequency. Independent sample 
t-test was used to compare the mean among 
the two groups, and Chi square test or Fisher’s 
exact test was used to compare the rates. 
P<0.05 was statistically significant.

Results

There were 13 patients with pathological frac-
tures before operation, 4 of who were compli-
cated type C fractures with obvious displace-
ment. Preoperative Campanacci grading includ-
ed 2 cases of grade II and 20 cases of grade III. 
Twelve patients underwent EC and 10 under-
went SR (Table 1).

Oncology prognosis

In the EC group, the follow-up time was 72.7 ± 
40.2 months. Recurrence occurred in one case 
(8.3%) with no distant metastasis. Recurrence 
occurred 8 months after the initial curettage 
and cement filling treatment in our hospital. 
The RGCT was confirmed by puncture biopsy, 

followed by EC, subchondral bone grafting, and 
cement filling, and a follow-up of 54 months 
post-operation showed no signs of recurrence 
or metastasis (Figure 5). In the SR group, the 
follow-up time was 75.0 ± 25.7 months. Only 1 
case (10%) recurred. Recurrence occurred 11 
months after intracapsular curettage and bone 
grafting in the left distal femur. Subsequent- 
ly, SR and artificial prosthesis reconstruction 
were performed. Unfortunately, the recurrence 
occurred again in the proximal part of the left 
tibia 15 months post-operation. On a repeat 
resection of the proximal tibial segment and 
reconstruction prosthesis after a definite diag-
nosis, no recurrence or metastasis was found 
after 52 months of follow-up. There was no sig-
nificant difference in recurrence rate between 
the two groups (Table 2).

Complications

In the EC group, two patients had superficial 
wound infection and three patients had rejec-
tion reaction. The symptoms were controlled 
after debridement and anti-allergic treatment. 

Figure 3. Indications for segmental resection. A1-A3. Pathological fractures occur in patients with GCTB. Complex 
type C fracture involving the articular surface (black arrow, fracture). Tumor tissue shows extensive contamination 
of the surrounding soft tissues in coronal magnetic resonance imaging. B1-B3. GCTB of the proximal tibia breaks 
through the bone cortex, extensively affecting the surrounding soft tissues and invading the articular surface (white 
arrow, invading area).
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Three patients had secondary osteoarthritis, 
including one case of K-L grade 1 and two 
cases of K-L grade 2. Nonneoplastic reopera-
tion did not occur in this group. In the SR gro- 
up, one patient had periprosthetic infection 4 
months post-operation, and the infection was 
controlled after thorough debridement and 
lavage treatment. Aseptic loosening of pros- 
thesis occurred in one patient, which was fol-
lowed up with good limb function after pros-
thetic renovation. Three cases experienced 
joint stiffness in the early post-operative peri-
od; however, joint activity was satisfactory af- 
ter rehabilitation. No periprosthesis fracture or 
fracture of the prosthetic stalk were observed. 

Cumulatively, nonneoplastic reoperation was 
performed twice in this group (Table 2).

Function and treatment evaluation

Postoperative function evaluation was based 
on the MSTS scoring system, and the best fun- 
ction before recurrence was considered as the 
evaluation index. A significant difference was 
observed between the EC group and SR group, 
which was 28.0 ± 1.6 and 24.9 ± 2.5, respec-
tively. The Mankin criterion was used to evalu-
ate the effect of operation. In the EC group, 10 
cases were excellent, 1 good, and 1 poor. The 
overall excellent and good rate was 91.6%. In 

Figure 4. Typical imaging manifestations of recurrent giant cell tumor (RGCT) treated with segmental resection (SR) 
and artificial prosthesis reconstruction. A. Eccentric osteolytic lesions of the proximal tibia pathologically diagnosed 
with GCTB. B. Intracapsular curettage and bone grafting performed in other hospitals. Screws penetrated the ar-
ticular surface at 1 month post-operative follow-up (black arrow, articular surface penetration). C. Recurrence in low 
density area after removal of the internal fixation (white arrows, low density areas). D. MRI shows multilocular cystic 
changes 3 months after the removal of internal fixation, and the pathological diagnosis was GCTB with aneurysmal 
bone cyst. E. Radiograph at 6 months after RGCT diagnosis (treatment delayed due to pregnancy). F, G. Radiograph 
at 3 months after SR and artificial prosthesis reconstruction.
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Table 1. Demographic and clinical follow-up data of patients
Patients  
number/gender

Age and 
location

Filler  
materials**

Disease  
course (month)

Therapeutic 
Modalities

Follow-up 
(month)

Campanacci 
Grade

Pathological 
fracture

Post-op 
MSTS* score

Post-op 
recurrence Complications

1/M 24/femur BC+AB* 8 EC* 34 II N 30 N /
2/M 55/tibia BC* 10 EC 145 III N 25 N osteoarthritis
3/F 42/tibia AB* 14 EC 108 III Y 27 N /
4/M 50/tibia AB 16 EC 102 II N 29 Y /
5/F 50/tibia BC+AB 12 SR* 108 III Y 24 N joint stiffness
6/F 27/femur AB 13 EC 26 III N 26 N osteoarthritis
7/M 37/tibia AB 18 EC 83 II Y 29 N /
8/F 17/tibia BC 8 SR 104 III Y 23 N joint stiffness
9/M 31/femur AB 17 SR 94 III N 29 N /
10/M 27/femur BC 9 EC 60 II Y 30 N /
11/M 43/femur BC+AB 10 EC 69 II N 26 N osteoarthritis
12/M 36/tibia AB 18 EC 142 III N 28 N /
13/F 28/tibia AB 15 SR 67 III Y 28 Y /
14/M 30/tibia AB 15 SR 64 III Y 22 N infection
15/F 29/femur BC 10 SR 85 III Y 24 N /
16/F 32/tibia BC 14 SR 105 III Y 26 N joint stiffness
17/M 28/tibia BC+AB 8 EC 35 II N 30 N /
18/M 41/tibia AB 22 EC 44 III Y 28 N /
19/F 31/femur AB 31 SR 41 III N 21 N prosthesis loosening
20/F 26/tibia AB 10 SR 29 III Y 26 N /
21/F 21/femur AB 14 EC 27 II Y 29 N /
22/F 45/femur BC 15 SR 68 III Y 27 N /
* BC+AB, bone cement and allogeneic bone; BC, bone cement; AB, allogeneic bone; EC, extended curettage; SR, segmental resection; MSTS, musculoskeletal tumor society. ** 
Materials for intracavity filling before recurrence.
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the SR group, 8 cases were excellent and 2 
were poor. The overall excellent and good rate 
was 80%. A slight difference was observed 
between the two groups (Table 2).

Discussion

The focus of treatment options for GCT around 
the knee has gradually shifted from reducing 
the recurrence rate to focusing on the pati- 
ent’s joint function [18-20]. There is no stan-
dard optimal clinical treatment of recurrent 
GCT around the knee joint. Therefore, we con-
ducted this study to evaluate the oncological 
and functional prognosis of EC and SR for re- 
current GCT around the knee. Here we found  
no difference in the recurrence rate between 
the two surgical methods, but the incidence of 
joint function loss and post-operative compli- 
cations in SR was higher than that in EC. Alth- 

eve better prognosis of oncology; however, it is 
accompanied with considerable functional im- 
pairment and a higher risk of long-term compli-
cations. Simultaneously, there are several dis-
tinct limitations to this retrospective study. The 
number of cases is relatively small, resulting in 
weak convincing of statistical results; there-
fore, the correlation between local recurrence 
and surgical types cannot be effectively dem-
onstrated. The follow-up time needs to be ex- 
tended to evaluate the long-term complications 
and functional prognosis of different surgical 
methods. Hence, it is necessary to carry out 
long-term follow-up studies with large samples 
and multi-centers.

The central treatment concept of RGCT is early 
detection and treatment, effective postopera-
tive rehabilitation, and follow-up [25-27]. Diag- 
nosing recurrence on time is crucial for improv-

Figure 5. Typical imaging manifestations of recurrent giant cell tumor (RGCT) 
of the proximal tibia treated with extended curettage (EC). A, B. GCTB of the 
proximal and lateral tibia treated with intracapsular curettage and cement 
filling. C. A clear translucent area around the cement that extended to the 
diaphysis at 8 months post-operation. D, E. CT shows low density changes 
around the bone cement and slight soft tissue invasion at the upper tibiofibu-
lar joint (black arrow, invading area). Pathological diagnosis revealed RGCT. 
F. Radiograph at 3 months after EC, combined with subchondral bone graft 
and cement filling.

ough most previous studies 
have shown that SR can achi- 
eve better oncological prog-
nosis [21-24], the results of 
this study indicate otherwise, 
possibly due to the more ag- 
gressive treatment for pati- 
ents with a high risk of recur-
rence. For Campanacci grade 
II and a few grade III patients, 
such as those with mild inva-
sion of soft tissue, integrity of 
articular surface, and no obvi-
ous displacement of patho-
logical fracture, prefer EC. Al- 
though this procedure has a 
certain risk of recurrence, it 
can retain the primitive joint 
structure as long as the tu- 
mor does not recur, and the 
patient’s joint function can  
be guaranteed. However, for 
patients whose lesions break 
through the bone cortex and 
extensively involve the sur-
rounding soft tissues, compli-
cated type C fracture or frac-
ture involving the articular 
surface with obvious displace-
ment are at a higher risk of 
recurrence. Therefore, SR is 
preferred as a more aggres-
sive treatment to reduce the 
risk of recurrence and achi- 
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ing clinical efficacy and preserving joint func-
tion. Patients with early relapse often lack clini-
cal symptoms, and symptomatic patients are 
more likely to have pathologic fractures [28]. 
The imaging manifestations of RGCT were obvi-
ous density reduction area around the cement 
filler [29] and irregular density reduction around 
the bone graft area [13]. In some cases, plaque-
like or needle-like bone changes reappeared at 
the edge of the lesion, small pieces of osteo-
lytic changes, and soft tissue masses appear- 
ed at the edge of the bone graft after healing 
[29]. CT and MRI can better reflect local lesions 
and soft tissue involvement [25]. All suspected 
recurrences should be confirmed by pathologi-
cal examination to prevent sarcomatosis. Mul- 
tiple studies have shown that patients with ce- 
ment fillers can detect recurrence at an early 
stage as irregular low-density areas around the 
cement can be detected [29]. However, early 
recurrence of allograft-filled patients is often 
confused with allograft resorption, delaying dia- 
gnosis and affecting recovery [30, 31]. In this 
study, 10 patients were found to have recur-
rence after bone cement filling at an average  
of 10.5 ± 2.3 months, and 12 patients were 

rence of sarcomatosis [12, 34]. Most cases  
of early recurrence are Campanacci grade I  
or II. The choice of treatment and therapeutic 
regimen can be appropriately conservative. EC 
combined with adjuvant therapy can effective- 
ly reduce the risk of local recurrence [2, 32]. 
Long-term complications are rare, and limb fun- 
ction can almost be completely preserved [19]. 
Even if the tumor recurs, it can still be treated 
with SR. For recurrent patients whose lesions 
break through the bone cortex and extensively 
involve the surrounding soft tissues, complicat-
ed type C fracture or fracture involving the artic-
ular surface with obvious displacement, the 
therapeutic regimen should be more aggres-
sive [22, 23]. SR and artificial prosthesis recon-
struction are conducive to a safer surgical mar-
gin and prevent recurrence to a greater extent; 
however, prosthesis-related complications (in- 
fection, aseptic loosening, periprosthetic frac-
ture) and considerable functional impairment 
remain unavoidable.

Although rigorous preoperative design, sophis-
ticated surgical techniques, and standardized 
post-operative follow-up can maximize the ben-

Table 2. Data statistics and analysis of patients

Variable EC* group 
(n=12)

SR* group 
(n=10) P-value

Mean age, (sd) 37.0 ± 9.6 31.4 ± 8.5
Gender, n (%)
    M 9 2
    F 3 8
Campanacci Grade, n (%)
    II 2
    III 10 10
Pathological fracture, n (%) 5 8 <0.05
Disease course(month) 14.2 ± 4.8 14.2 ± 6.2
Duration of follow-up (mo) 72.7 ± 40.2 75.0 ± 25.7
Local recurrence, n (%) 1 (8.3%) 1 (10%)
Post-op MSTS* score 28.0 ± 1.6 24.9 ± 2.5 <0.05
Complication, n (%)
    osteoarthritis 3 (25%) 0
    infection 1 (8.3%) 1 (10%)
    rejection reaction 3 (25%) 0
    joint stiffness 0 3 (30%)
    prosthesis loosening 0 1 (10%)
Reoperation, n (%) 1 (8.3%) 2 (20%) <0.05
Excellent and good rate 11 (91.6%) 8 (80%) <0.05
* EC, extended curettage; SR, segmental resection; MSTS, musculoskel-
etal tumor society.

found to have recurrence after allo- 
graft filling at an average of 18.6 ±  
5.9 months (P<0.05), indicating that 
cement filling was beneficial for identi-
fying early recurrence, which was simi-
lar to previous studies [32, 33]. There- 
fore, we believe that patients should 
be regularly followed up. Upon occur-
rence of abnormal osteolysis, CT and 
MRI should be performed to prevent 
recurrence.

The therapeutic regimen for RGCT 
mainly depends on the extent of the 
lesion and surrounding bone condition 
[26, 27]. The purpose of the treatment 
is to prevent recurrence and maximize 
limb function preservation. RGCT clini-
cal evaluation should be considered 
comprehensively, including initial treat-
ment (bone grafting or cement filling, 
or artificial prosthesis reconstruction), 
nature and extent of invasion, and tu- 
mor comorbidity after recurrence, to 
make a judgment in accordance with 
clinical reality and provide basis for 
further treatment. Preoperative patho-
logical examination of RGCT is parti- 
cularly important to determine occur-
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efit of patients, the risk of recurrence of RGCT 
remains [35, 36]. The therapeutic regimen for 
recurrence post-operation can be referred to 
the initial recurrence, which is determined ba- 
sed on the specific conditions of the initial 
treatment, pathological characteristics, inva-
sive extent, and tumor comorbidity after recur-
rence. In general, GCT is a locally invasive be- 
nign bone tumor, which mostly occurs in the 
third and fourth decade of life [37]. However, 
the knee joint, as an important weight-bearing 
joint of the lower extremity, has a high function-
al requirement, which is different from other 
bones, such as proximal fibula [38], distal radi-
us [9], and distal ulna [31]. Therefore, despite a 
high risk of recurrence of RGCT, EC should be 
considered as the first-line treatment and SR 
should be avoided.

For RGCT around the knee joint, the patient’s 
oncological and functional prognosis are vital. 
Unless the tumors break through the bone cor-
tex and extensively involve the surrounding soft 
tissues, complicated type C fracture or fracture 
involving the articular surface with obvious dis-
placement leading to patients without surgical 
curettage boundaries, EC should be considered 
as the preferred treatment.

Acknowledgements

We would like to give our sincere thanks to Drs 
Zhan Liao, Jun wan, Feng Long and Jian Tian for 
assistance in data collection. This work was 
supported by the Provincial Science Found- 
ation of Hunan (No. 2017JJ3499), the Funda- 
mental Research Funds for the Central Univer- 
sities (2019zzts019), the Key Scientific Rese- 
arch and Innovation Projects of Hunan Post- 
graduates (CX20190074). 

Disclosure of conflict of interest

None.

Abbreviations

GCTB, giant cell tumor of bone; RGCT, recur- 
rent giant cell tumors of bone; CT, computed 
tomography; MRI, magnetic resonance imag-
ing; EC, extended curettage; SR, segmental 
resection; MSTS, Musculoskeletal tumor So- 
ciety; K-L, Kellgren-Lawrence.

Address correspondence to: Dr. Wei Luo, Depart- 
ment of Orthopaedics, Xiangya Hospital, Central 

South University, Changsha 410008, Hunan, China. 
Tel: +86-15116329088; E-mail: luowei0928@126.
com

References

[1]	 Campanacci M, Baldini N, Boriani S and Suda-
nese A. Giant-cell tumor of bone. J Bone Joint 
Surg Am 1987; 69: 106-114.

[2]	 van der Heijden L, van de Sande MA, Heineken 
AC, Fiocco M, Nelissen RG and Dijkstra PD. 
Mid-term outcome after curettage with poly-
methylmethacrylate for giant cell tumor around 
the knee: higher risk of radiographic osteoar-
thritis? J Bone Joint Surg Am 2013; 95: e159.

[3]	 Niu X, Zhang Q, Hao L, Ding Y, Li Y, Xu H and  
Liu W. Giant cell tumor of the extremity: retro-
spective analysis of 621 Chinese patients from 
one institution. J Bone Joint Surg Am 2012; 94: 
461-467.

[4]	 Ayerza MA, Aponte-Tinao LA, Farfalli GL, Re-
strepo CA and Muscolo DL. Joint preservation 
after extensive curettage of knee giant cell tu-
mors. Clin Orthop Relat Res 2009; 467: 2845-
2851.

[5]	 Gouin F, Rochwerger AR, Di Marco A, Rosset P, 
Bonnevialle P, Fiorenza F and Anract P. Adju-
vant treatment with zoledronic acid after ex-
tensive curettage for giant cell tumours of 
bone. Eur J Cancer 2014; 50: 2425-2431.

[6]	 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 clin-
ical outcome of giant cell tumor of bone treat-
ed with calcium phosphate cement following 
thorough curettage and phenolization. J Surg 
Oncol 2018; 117: 1232-1238.

[7]	 Tsukamoto S, Mavrogenis AF, Tanzi P, Leone G, 
Righi A, Akahane M, Kido A, Honoki K, Tanaka 
Y, Donati DM and Errani C. Similar local recur-
rence but better function with curettage versus 
resection for bone giant cell tumor and patho-
logical fracture at presentation. J Surg Oncol 
2019; 119: 864-872.

[8]	 Medellin MR, Fujiwara T, Tillman RM, Jeys LM, 
Gregory J, Stevenson JD, Parry M and Abudu A. 
Prognostic factors for local recurrence in ex-
tremity-located giant cell tumours of bone with 
pathological fracture. Bone Joint J 2018; 100-
B: 1626-1632.

[9]	 Liu Q, Luo W, Zhang C, Liao Z, Liu Y and He H. 
How to optimize the therapeutic effect of free 
autogenous fibula graft and wrist arthroplasty 
for giant cell tumors of distal radius? Jpn J Clin 
Oncol 2019; 49: 656-663.

[10]	 Grimer RJ, Aydin BK, Wafa H, Carter SR, Jeys  
L, Abudu A and Parry M. Very long-term out-
comes after endoprosthetic replacement for 
malignant tumours of bone. Bone Joint J 2016; 
98-B: 857-864.

mailto:luowei0928@126.com
mailto:luowei0928@126.com


RGCTs around the knee joint

1164	 Am J Transl Res 2020;12(3):1155-1165

[11]	 Bus MP, van de Sande MA, Fiocco M, Schaap 
GR, Bramer JA and Dijkstra PD. What are the 
long-term results of MUTARS((R)) modular en-
doprostheses for reconstruction of tumor re-
section of the distal femur and proximal tibia? 
Clin Orthop Relat Res 2017; 475: 708-718.

[12]	 O’Donnell RJ, Springfield DS, Motwani HK, 
Ready JE, Gebhardt MC and Mankin HJ. Recur-
rence of giant-cell tumors of the long bones 
after curettage and packing with cement. J 
Bone Joint Surg Am 1994; 76: 1827-1833.

[13]	 McGough RL, Rutledge J, Lewis VO, Lin PP and 
Yasko AW. Impact severity of local recurrence 
in giant cell tumor of bone. Clin Orthop Relat 
Res 2005; 438: 116-122.

[14]	 Enneking WF, Spanier SS and Goodman MA.  
A system for the surgical staging of musculo-
skeletal sarcoma. 1980. Clin Orthop Relat Res 
2003; 4-18.

[15]	 Fraquet N, Faizon G, Rosset P, Phillipeau J, 
Waast D and Gouin F. Long bones giant cells 
tumors: treatment by curretage and cavity fill-
ing cementation. Orthop Traumatol Surg Res 
2009; 95: 402-406.

[16]	 Enneking WF, Dunham W, Gebhardt MC, Mala-
war M and Pritchard DJ. A system for the func-
tional evaluation of reconstructive procedures 
after surgical treatment of tumors of the mus-
culoskeletal system. Clin Orthop Relat Res 
1993; 241-246.

[17]	 Kellgren J and Lawrence J. Radiological as-
sessment of osteo-arthrosis. Ann Rheum Dis 
1957; 16: 494-502.

[18]	 Tsukamoto S, Mavrogenis AF, Tanzi P, Leone G, 
Righi A, Akahane M, Kido A, Honoki K, Tanaka 
Y, Donati DM and Errani C. Similar local recur-
rence but better function with curettage versus 
resection for bone giant cell tumor and patho-
logical fracture at presentation. J Surg Oncol 
2019; 119: 864-872.

[19]	 Benevenia J, Rivero SM, Moore J, Ippolito JA, 
Siegerman DA, Beebe KS and Patterson FR. 
Supplemental bone grafting in giant cell tu- 
mor of the extremity reduces nononcologic 
complications. Clin Orthop Relat Res 2017; 
475: 776-783.

[20]	 Liu YP, Li KH and Sun BH. Which treatment is 
the best for giant cell tumors of the distal ra-
dius? A meta-analysis. Clin Orthop Relat Res 
2012; 470: 2886-2894.

[21]	 Li D, Zhang J, Li Y, Xia J, Yang Y, Ren M, Liao Y, 
Yu S, Li X, Shen Y, Zhang Y and Yang Z. Surgery 
methods and soft tissue extension are the po-
tential risk factors of local recurrence in giant 
cell tumor of bone. World J Surg Oncol 2016; 
14: 114.

[22]	 Deheshi BM, Jaffer SN, Griffin AM, Ferguson 
PC, Bell RS and Wunder JS. Joint salvage for 
pathologic fracture of giant cell tumor of the 

lower extremity. Clin Orthop Relat Res 2007; 
459: 96-104.

[23]	 van der Heijden L, Sander Dijkstra PD, Campa-
nacci DA, Gibbons CL and van de Sande MA. 
Giant cell tumor with pathologic fracture: sh- 
ould we curette or resect? Clin Orthop Relat 
Res 2013; 471: 820-829.

[24]	 He H, Zeng H, Luo W, Liu Y, Zhang C and Liu Q. 
Surgical treatment options for giant cell tu-
mors of bone around the knee joint: extend- 
ed curettage or segmental resection? Front 
Oncol 2019; 9: 946. 

[25]	 He Y, Guo J, Ding X, van Ooijen P, Zhang Y, 
Chen A, Oudkerk M and Xie X. Convolutional 
neural network to predict the local recurren- 
ce of giant cell tumor of bone after curettage 
based on pre-surgery magnetic resonance im-
ages. Eur Radiol 2019; 29: 5441-5451.

[26]	 Balke M, Ahrens H, Streitbuerger A, Koehler  
G, Winkelmann W, Gosheger G and Hardes J. 
Treatment options for recurrent giant cell tu-
mors of bone. J Cancer Res Clin Oncol 2009; 
135: 149-158.

[27]	 Vult von Steyern F, Bauer HC, Trovik C, Kivioja 
A, Bergh P, Holmberg Jörgensen P, Follerås G 
and Rydholm A; Scandinavian Sarcoma Group. 
Treatment of local recurrences of giant cell tu-
mour in long bones after curettage and ce-
menting. A scandinavian sarcoma group study. 
J Bone Joint Surg Br 2006; 88: 531-535.

[28]	 Salunke AA, Chen Y, Chen X, Tan JH, Singh G, 
Tai BC, Khin LW and Puhaindran ME. Does pa- 
thological fracture affect the rate of local re-
currence in patients with a giant cell tumour  
of bone?: a meta-analysis. Bone Joint J 2015; 
97-B: 1566-1571.

[29]	 Kivioja AH, Blomqvist C, Hietaniemi K, Trovik  
C, Walloe A, Bauer HC, Jorgensen PH, Bergh P 
and Folleras G. Cement is recommended in in-
tralesional surgery of giant cell tumors: a scan-
dinavian sarcoma group study of 294 patients 
followed for a median time of 5 years. Acta Or-
thop 2008; 79: 86-93.

[30]	 Zhen W, Yaotian H, Songjian L, Ge L and Qingli-
ang W. Giant-cell tumour of bone. The long-
term results of treatment by curettage and 
bone graft. J Bone Joint Surg Br 2004; 86: 
212-216.

[31]	 Szendroi M. Giant-cell tumour of bone. J Bone 
Joint Surg Br 2004; 86: 5-12.

[32]	 Becker WT, Dohle J, Bernd L, Braun A, Cserhati 
M, Enderle A, Hovy L, Matejovsky Z, Szendroi 
M, Trieb K and Tunn PU. Local recurrence of 
giant cell tumor of bone after intralesional 
treatment with and without adjuvant therapy. J 
Bone Joint Surg Am 2008; 90: 1060-1067.

[33]	 Hu Y, Zhao L, Zhang H, Yu X, Wang Z, Ye Z, Wu 
S, Guo S, Zhang G, Wang J and Ning X. Sex dif-
ferences in the recurrence rate and risk factors 



RGCTs around the knee joint

1165	 Am J Transl Res 2020;12(3):1155-1165

for primary giant cell tumors around the knee 
in China. Sci Rep 2016; 6: 28173.

[34]	 Medellin MR, Fujiwara T, Tillman RM, Jeys LM, 
Gregory J, Stevenson JD, Parry M and Abudu A. 
Prognostic factors for local recurrence in ex-
tremity-located giant cell tumours of bone  
with pathological fracture. Bone Joint J 2018; 
100-B: 1626-1632.

[35]	 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 
primary giant cell tumors around the knee: a 
multicentre retrospective study in China. Sci 
Rep 2016; 6: 36332.

[36]	 Tang H, Moro A, Feng W, Lai Y, Xiao Z, Liu Y and 
Wang K. Giant cell tumors combined with sec-
ondary aneurysmal bone cysts are more likely 
to develop postoperative recurrence: a retro-
spective study of 256 cases. J Surg Oncol 
2019; 120: 359-365.

[37]	 Gitelis S. Bone and soft tissue tumors: clinical 
features, imaging, pathology and treatment. 
2nd edition. Radiology 2001; 83: 236.

[38]	 Vidyadhara S and Rao SK. Techniques in the 
management of juxta-articular aggressive and 
recurrent giant cell tumors around the knee. 
Eur J Surg Oncol 2007; 33: 243-251.


