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Abstract
Background: Treatment of giant cell tumor (GCT) around knee remains challenging because GCT is prone
to recurrence and metastasis. Herein, we reported on our clinical experience with knee joint salvage and
biological repair of massive-cavity bone defects after extensive curettage of GCT around the knee with
vascularized �bular autograft and cancellous allograft in 12 patients.

Methods: All the patients underwent clinical evaluation, plain radiography and/or magnetic resonance
imaging (MRI) of the knee right after admission. Their joint function was preserved, and the massive-
cavity bone defects were repaired by vascularized �bular autografts and cancellous allograft after
extensive curettage of GCT around the knee. All the patients were evaluated through clinical
examinations, plain radiography of the knee and chest, and Musculoskeletal Tumor Society (MSTS)
scores of the lower extremity in the follow-ups.

Results: The follow-up duration ranged from 1.5 years to 12.0 years (mean 4.2 years). There were no local
recurrences or lung metastasis in any of the 12 patients at the last follow-up. Ten patients had no pain or
experienced occasional pain, and nine were able to resume their previous work. The mean range-of-
motion of knee �exion was 117°, and the extension was -6°. The mean MSTS score was 24.7, and a total
of 10 patients had excellent or good MSTS scores.

Conclusion: Knee joint salvage and biological repair of massive-cavity bone defects could be achieved
after extensive curettage with vascularized �bular autograft and cancellous allograft in patients with GCT
around the knee.

Background
GCT is a relatively common type of primary benign tumor that usually occurs in the
metaphyseoepiphyseal region of long bones [1]. It typically attacks young people (age ≤ 40), and it
shows no symptoms or only mild symptoms, which may last for weeks or even months before patients
seek advice from an orthopedic surgeon. Some patients who suffer from GCT visit a doctor for the �rst
time only because of the acute pain caused by pathological fractures [2]. Nevertheless, GCT can also be
potentially aggressive and can metastasize. Consequently, in some GCT patients pulmonary metastases
may be accidentally found only at their �rst clinical examination. Therefore, treatment of GCT located
around the knee (the distal femur and proximal tibia) still remains quite challenging.

Currently, there are several methods that are used for the treatment of GCT around the knee, such as
curettage or en-bloc resection with some reconstructive surgeries, arthrodesis by using a structural bone
graft, a sandwich technique based on bone graft and polymethylmethacrylate (PMMA), and knee
arthroplasty with structural bone allograft or knee prosthesis [3, 4]. However, each of these methods has
its advantages and disadvantages, respectively.
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Intralesional curettage with PMMA or bone-graft �llings, which can preserve the knee joint function, is an
effective primary treatment for GCT around the knee [5]. Yet, GCT has a relatively high recurrent rate after
intralesional curettage [3, 4, 6]. Furthermore, GCT is usually associated with cortical invasion,
extracompartmental extension, and pathologic fracture in the metaphyseoepiphyseal region of the knee.
Therefore, in order to effectively treat GCT around the knee, unitary intralesional curettage may not be the
optimal choice.

Knee arthrodesis reconstructed by structural bone allograft or autograft after En-bloc resection of GCT is
not recommended since most of these GCT patients are young and active, and wish to retain a functional
knee [7–10]. Moreover, structural bone grafts may also lead to certain complications, including fracture,
nonunion, infection, GCT recurrence, and donor complications associated with non-vascularized �bular
autograft [11].

Therefore, the knee arthroplasty with allograft or prosthesis after En-bloc resection of GCT may lead to
much better clinical outcomes compared to arthrodesis. Still, due to nonunion between allograft and host
caused by insu�cient blood supply, infection, bone allograft absorption or fracture, and loosening of
prosthesis promoted by non-biological repair, the knee arthroplasty with structural bone allografts or knee
prosthesis may not always be suitable for the treatment of GCT located around the knee, especially in the
young and active patients.

It is possible to preserve knee joint function by using a sandwich technique that adopts bone grafts and
PMMA to �ll the bone cavity after extensive curettage, which may incorporate, remodel, and preserve
subchondral bone stock, thus maintaining the knee joint function [12–14]. However, the sandwich
technique may accelerate degenerative knee osteoarthritis followed with articular cartilage damage
resulting in thermal effect or other side effects of PMMA cement [12].

To overcome these shortcomings, we proposed a method that combines the advantages of the sandwich
technique, extensive curettage technique, and microsurgical technique for the treatment of GCT around
the knee. We effectively achieved local tumor control, knee joint salvage, and biological repair of massive-
cavity bone defects after extensive curettage with vascularized �bular autograft and cancellous
allografts in patients with GCT around the knee. Herein, we presented the clinical outcomes of this
treatment.

Methods
This study was approved by the ethics committee of Guangzhou First People’s Hospital. After
hospitalization, patients suffering from histologically con�rmed GCT (Campanacci grade II or III) located
around knee were well informed of this study. A total of 12 patients who were treated at our department
between 2004 and 2016 were enrolled in the study. In order to preserve knee joint and biologically repair
massive-cavity bone defects after extensive curettage of GCT, 12 patients were treated by using
vascularized �bular autograft and cancellous allograft.
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Patients
Among 12 enrolled patients, 9 were men and 3 women, with an age range from 18 to 46 years (mean age
was 28.2 years). All 12 patients underwent knee plain radiography and/or magnetic resonance imaging
(MRI) as the initial assessment after hospitalization. Chest X-rays and/or chest computed tomography
(CT) scans were initially used during the �rst evaluation. There were no patients with lung metastases at
the time of the enrollment time in this study. Five patients had GCT lesion located in the left knee and
seven patients in the right knee. Follow-ups in the duration of at least 18 months were arranged for all 12
patients.

Surgical Technique

Extensive Curettage of the GCT
In order to avoid contamination of tumor cells, we strictly abided by the principle of tumor resection and
also took good care of the surrounding tissues during extensive curettage of GCT.

Firstly, a bone window was carefully opened in the GCT site, after which GCT was removed through the
window. In order to completely resect the GCT, a high-speed burr was used in different directions in order
to remove 2 mm bone from the inner surface of the bone cavity until the normal bone was visible. Finally,
the bone cavity was cleaned, and the extensive curettage was completed. Usually, 2% iodine tincture was
smeared in the bone cavity for about 2 minutes, after which 75% alcohol was used to remove iodine, and
lastly irrigation with 0.9% saline was performed for cavity cleaning. During this step, we carefully kept the
surrounding tissues from coming in contact with iodine tincture. In fact, iodine tincture was not used in
the tumor cavity if pathological fracture existed.

After the extensive curettage, the size of bone cavity defects was attentively measured in order to prepare
the vascularized �bular autograft.

Harvesting of vascularized �bular graft
The �bula was harvested according to references 15 and 16 [15, 16]. In order to effectively avoid tumor
cell contamination, the contralateral �bula was selected as donor.The length of the �bular graft was
a�rmed according to the bone defect secondary to the extensive curettage of GCT. Actually, the length of
the �bular graft should almost be two times of the defects because �bular graft may need to be folded to
repair the bone cavity defects.

Repair of massive-cavity bone defects after extensive
curettage
The �bula (or folded �bula) and cancellous allograft were transplanted to �ll the massive-cavity bone
defects after GCT extensive curettage. Firstly, the �bular graft was inserted in the cavity, and the
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appropriate length of the graft was con�rmed by using intraoperative C-arm X-ray examination. Next, the
cancellous allograft was used to �ll the remaining bone cavity after �bular insertion. Plate, screw, or k-
wire were chosen for skeletal �xation. The peroneal artery and veins were anastomosed via an end-to-end
and/or end-to-side anastomosis with the popliteal artery or anterior tibial artery and veins, or one of the
accompanying veins and the great saphenous vein. We closed the incision after we a�rmed the blood
supply of soft tissue attached around the �bula is su�cient after bone grafts transplantation.

Postoperative Assessment
The knee was usually �xed in a functional position (15°-20° of knee �exion) with a plaster splint after
surgery. Knee range-of-motion exercises were started at 3–6 weeks, and partial weight-bearing started at
6 weeks postoperatively. The splint was removed within 3 to 6 weeks, based on knee stability. After splint
was removed, the patients were allowed to continue partial weight-bearing with crutches.

Patients were allowed to bear full weight according to their tolerance 3 to 4 months after repair operation
when radiographs showed the evidence of healing between the vascularized �bular graft ends and host
bone.

Patients were followed-up at 1, 2, and 3 months postoperatively, then every 3 months till 18 months after
surgery, and every year if possible. Plain AP and lateral radiographs were taken at every follow-up.

The bone healing was tracked by comparing radiographs taken in follow-ups. The bone was considered
healed when the bridging callus appeared across �bular ends and host bone in radiographs.

The knee function was routinely evaluated at the follow-up clinical examination and after 18 months
postoperatively by using the revised 30-point functional evaluation system for lower extremity advocated
by the Musculoskeletal Tumor Society (MSTS), which addressed pain, functional situation, emotional
acceptance, usage of external support, walking ability and gait condition. Each variable was calculated
on a 5-point scale [17].

Complications such as local recurrences, infection, fractures, subchondral collapse, knee joint narrowing,
and lung metastases were assessed. The complications in the donor leg were also recorded. Sometimes,
all the internal �xations were removed 18 months after surgery, if necessary.

Results
The duration of follow-up ranged from 1.5 years to 12.0 years, with an average of 4.2 years. Bone union
was found in all the 12 patients within 3 and 5 months after repair surgery. No patients experienced GCT
recurrence by the time of the last follow-up. There was no evidence of lung metastases in any of the
patients. One patient (Campanacci III GCT) had knee joint narrowing and �bula donor site discomfort,
while no patient complained of joint instability of the knee or ankle. There were no postoperative
infections, fractures, subchondral collapses, or neurovascular complications in any of the 12 patients.
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Six patients (50.0%) were pain-free, 4 (33.3%) experienced mild and occasional pain, 2 (16.7%) had
moderate but tolerable pain, and no patient complained of intolerable pain. Four (33.3%) patients
continued employment at their previous place of work without any restriction, �ve (41.7%) came back to
work with little limitations, 3 (25.0%) had the ability to work, but they did not want to continue work, and
no patient was disabled due to the GCT after the reconstructive microsurgery.

All the 12 patients showed some limitations in knee rang-of-motion. Nine patients (75.0%) showed the
knee �exion ranging from 90° to 120°, 3 patients (25.0%) had the knee �exion ranging from 120° to 135°.
No patient had a �exion restricted in less than 90°. The mean range of �exion was 117°, and the
extension was − 6° in the 12 patients.

According to the MSTS scores of the lower extremity, 3 patients (25.0%) had excellent outcomes, 7
(58.3%) good, 1 (8.3%) moderate, and 1 (8.4%) poor. The mean MSTS score was 24.7, and totally, 10
patients (83.3%) had excellent or good MSTS scores.

[Figures (Fig. 1; Fig. 2)]

Discussion
The principal of GCTs treatment should be based on completely removing the tumor, reducing recurrence,
and preserving or recovering limb function [3, 4, 18]. In this study, clinical examination revealed no cases
of lung metastasis or local GCT recurrence at the last follow-up. The mean MSTS score was 24.7; 10
patients (83.3%) had excellent or good MSTS scores. Our results revealed that it was possible to preserve
knee joint and biologically repair massive-cavity bone defects after extensive curettage with vascularized
�bular autograft and cancellous allograft in patients with GCT around the knee.

Extensive curettage can reduce the risk of recurrence
GCT is an aggressive benign tumor with a high local recurrent rate that can occur after the curettage or
cementing of GCT located around the knee [19–21]. Moreover, recurrence is highly correlated with
metastasis, which can be reduced by early and complete tumor resection. Therefore, the reduction of GCT
recurrence is of great importance.

Tumor cells remaining or being implanted in the surgical site during surgery usually causes local
recurrence of GCT [22]. Previous studies have shown that en-bloc resection of GCT is very effective in
reducing recurrence [23]. However, when the GCT is located around the knee, en-bloc resection is not
recommended if we want to save the knee joint. Otherwise, the knee must be reconstructed by the
prosthesis. Therefore, extensive curettage may be more suitable for reducing local tumor recurrence and
knee salvage, especially when using high-speed burr for complete removal of GCT during curettage
surgery [24]. Actually, extensive curettage has already been shown to have successful outcomes in the
prevention of GCT recurrence [25].
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Vascularized �bula can repair massive-cavity bone defects
and save knee joint
Many reconstruction procedures, including sandwich technique, arthroplasty, osteoarticular allograft,
allograft arthrodesis, and vascularized or non-vascularized �bular autograft with or without arthrodesis
have been proposed after wide resection of GCT around the knee [3, 4, 25–27].

Sandwich technique with extensive curettage has shown to prevent tumor recurrence and lead to
satisfactory knee salvage [25]. However, since the sandwich technique requires PMMA, which cannot
repair bone defects biologically and may lead to thermal injuries, it may not be the optimal method for all
GCT around the knee, especially in young and active patients [5, 28–31].

Because of the incompatibility between the prostheses and the host bone, prostheses may not be suitable
for long-term survival, which might be ensured by bony union. Currently, there is still a lack of evidence on
the complete biological union between the host bone and prostheses. At the same time, it has been
shown that bone graft can usually achieve complete bone union. Thus, bone grafts are still the reliable
choice for repair of bone cavity defects secondary to GCT extensive curettage in young patients.

All bone allografts have disadvantages, including potential immunologic reactions, lack of blood supply
and osteogenic cells, and the possibility of joint collapse secondary to bone allograft absorption. As a
result, simply, bone allografts are not suitable for knee joint salvage.

Non-vascular autografts have many advantages since they contain normal bone structure and are free
from disease transmissions. However, these grafts may also have some complications (such as
nonunion, donor complications), which may eventually lead to unsatisfactory outcomes [23]. Since some
cases of our patients presented with the non-vascular �bular autografts collapse in wrist and knee
reconstruction, we did not repair massive bone defects only by using non-vascular �bular grafts.

Vascularized �bular autografts have the same donor complications as non-vascularized ones. Yet,
vascularized �bular autografts contain living bone cells and an intrinsic blood supply system, which
maintain the ability of osteogenesis after transplantation. Their biological advantage is that the healing
process between the host and the �bular bone autograft is identical to that of normal fracture healing
because there are no immunologic reactions and creeping substitution. Therefore, the union time for
these grafts is much shorter (as short as 3–5 months) than that of non-vascularized bone grafts or
allografts. Hence, the vascularized �bula combined with cancellous allografts may be a suitable method
for young patients who desire long-term knee joint salvage after GCT extensive curettage.

Strengths and weaknesses
Our method combined the advantages of the sandwich technique, extensive curettage technique, and
microsurgical technique. In order to achieve joint salvage and biological repair, bone grafts, especially
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vascularized �bular autograft, were used in the place of PMMA of sandwich technique to �ll the bone
cavity defects after extensive curettage.

Although our results indicated that joint salvage and biological repair of massive-cavity bone defects
after extensive tumor curettage with vascularized �bular autograft and cancellous allograft for GCT
around the knee are feasible, effective, and reliable, there are still some limitations in our study. Firstly, the
operation procedure is so complicated that it could not be completely performed without microsurgical
skills and techniques. Secondly, since the sample size was small, the study �ndings need to be further
con�rmed by additional clinical evidence, including longer clinical assessment. Thirdly, knee function
may be severely limited after the joint salvage because the knee should be immobilized for at least 3
weeks.

Conclusion
It is reliable to achieve knee joint salvage and biological repair of massive-cavity bone defects after
extensive curettage with vascularized �bular autograft and cancellous allograft in patients with GCT
around the knee.

List Of Abbreviations
giant cell tumor (GCT); polymethylmethacrylate (PMMA); magnetic resonance imaging (MRI); computed
tomography (CT); musculoskeletal tumor society (MSTS).
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Figure 1
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Anteroposterior and lateral X-ray of a 29-year-old man with GCT of the left knee (Campanacci grade II).
(a,b) Before operation; (c-j) 1 week (1c, 1d), 1 year (1e, 1f), 2 years (1g, 1h), and 6 years (1i, 1j) after
microsurgical repair.

Figure 2

Anteroposterior and lateral X-ray of a 18-year-old man with GCT of the right knee (Campanacci grade III).
(a,b) Before operation; (c-l) 1 week (2c, 2d), 3 years (2e, 2f), 5 years (2g, 2h), 8 years (2i, 2j), and 12 years
(2k, 2l) after microsurgical reconstruction.


