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ABSTRACT

Objective: The aim of this study was to present the mid-term functional outcomes and recurrence rate in patients with giant cell tumor
of bone (GCTB) treated by intralesional extended curettage, electrocauterization, and polymethylmethacrylate (PMMA) cementation.

Methods: In this retrospective observational study, 79 consecutive patients (41 females, 38 males; mean age=39 years; age
range=19-62 years) who were diagnosed and treated for GCTB between 2005 and 2017 were identified from hospital medical
records. All patients were treated by intralesional extended curettage using high-speed burr, electrocauterization of the cav-
ity, and filling the defect with PMMA. No additional local adjuvants were used. The mean follow-up period was 47 months
(range=24-96). The tumors were graded according to the radiological classification system described by Campanacci. Functional
outcomes were evaluated using the Musculoskeletal Tumor Society Score (MSTS) preoperatively, one year postoperatively, and
at the final follow-up. Postoperative complications and recurrence rates were recorded.

Results: Twenty-nine tumors were located in the distal femur, 23 in the proximal tibia, nine in the distal radius, five in the prox-
imal humerus, five in the pelvis, three in the proximal fibula, two in the distal ulna, two in the distal tibia, and one in the second
metatarsal. According to Campanacci classification, 37 tumors were grade III, 32 grade II, and 10 grade I. The mean MSTS score
was 46.1% (range 40.2 to 71.4%) preoperatively, 91.7% (range 73.3% to 100%) one year postoperatively, and 86.3 % (range 66.2%
t0 96,1%) at the final follow-up. The overall complication rate was 7.6%; which included local tumor recurrence in four patients,
superficial wound infection in one, and deep wound infection in another. The recurrence rate was 5.1% (4 patients). Recurrent
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Conclusion: With satisfactory functional results and low recurrence rates at the mid-term follow-up, GCTB can be treated effec-

tively with intralesional extended curettage, electrocauterization, and PMMA cementation.

Level of Evidence: Level IV, Therapeutic study

Introduction

Giant cell tumor of bone (GCTB) is a primary benign
disease that accounts for approximately 5% of all
primary bone tumors (1). They are mainly located at
the metaphysis and metaepiphyseal parts of the long
bones, causing a localized osteolytic lesion. The two
most commonly involved regions are distal femur
and proximal tibia; however, any part of the human
skeleton can be affected (2, 3). The peak incidence of
the disease is usually in the third decade of life with a
slight female predominance (4). It is a tumor of mes-
enchymal origin, and the tumor cells are primarily
composed of stromal cells and multinucleated giant
cells (5). The best treatment method should cover both
the assurance of local control and maintenance of lo-
cal function (6).

Intralesional extended curettage is the standard treat-
ment method but it has been associated with local re-
currence rates ranging from 10% to 40% (7). As a re-
sult, in order to decrease these high recurrence rates,
the use of some physical and chemical adjuvants have
been advocated by most authors (8). Local agents such

as alcohol, phenol, and hydrogen peroxide are widely
used as chemical adjuvants. Other local agents like lig-
uid nitrogen, standard cauterization, and argon plas-
ma coagulation, iodine, cyclophosphamide and local
radiation can be applied as well (9). However, they
have been used heterogeneously, and their effect on
recurrence-free survival has never been proven. On
the other hand, polymethylmetacrylate (PMMA) is an
important adjuvant used in the treatment of GCTB. It
has a strong structural property and decreases the re-
currence rates by its thermal cytotoxic effect (10, 11).

The aim of our study is to report mid-term functional
results and recurrence rates in patients with GCTB
who were treated with intralesional extended curet-
tage using high-speed burr, cauterization of the bone
cavity, and PMMA cementation without adding any
other chemical or physical adjuvant to the procedure.
The main hypothesis of the study is that satisfactory
functional results can be achieved in the treatment of
GCTB with the abovementioned set of surgical tech-
niques, and low recurrence rates can still be obtained
without adding any other additional chemical or
physical local adjuvants to the procedure.
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Figure 1. a-i. Giant cell tumor of distal femur (a-e). Initially a cortical window is opened, this window is enlarged, the whole cavity is visualized, and the gross lesion
is curetted. The technique of curettage is based on using curettes of different sizes and a high-speed burr. After the standard cauterization procedure, the cavity is
filled with PMMA (f, g). Depending on the size, location, and remaining bone stock following extended curettage, PMMA can be augmented with plate and/or screw
fixation (h, i)

Materials and Methods

We conducted a retrospective study based on the review of patient
records and imaging data. We identified 103 patients with a histo-
logically confirmed diagnosis of GCTB between 2005 and 2017. Pa-
tients in whom the native joint adjacent to GCTB was preserved by
performing intralesional extended curettage with a high-speed burr,
cauterization of the bone cavity, and PMMA cementation without
adding any other local adjuvant to the procedure were included
in the study. Twenty four of the 103 patients in whom primary en-
bloc resection and endoprosthetic replacement was performed due
to intraarticular breach of the tumor were excluded from the study,
leaving 79 patients in the study cohort. Medical records, plain ra-

HIGHLIGHTS

Due to the periarticular location and extremely high recurrence rates of
GCTB, the ideal treatment still remains controversial.

.

Many physical and chemical agents have been introduced to prevent
recurrence, however they have both beneficial and harmful effects and
their comparative action on tumor cells is not well described.

Surgical treatment of GCTB with intralesional extended curettage using
a high-speed burr and electrocauterization followed by cementation
with PMMA without adding another physical or chemical adjuvant is a
sufficient, safe, and effective method.
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diographs, computerized tomography (CT), and magnetic resonance
imaging (MRI) scans were all reviewed. All biopsy and surgical cu-
rettage materials were reviewed and confirmed by the Department
of Pathology of Marmara University istanbul Pendik Training and
Research Hospital.

The tumors were graded according to a radiological classification
system described by Campanacci (12). According to this classifica-
tion, lesions with a well-defined, non-sclerotic medullary margins
that do not cause cortical disruption are graded as grade I. Grade
II lesions also have well-defined, non-sclerotic medullary margins;
however, they cause cortical erosion and thinning of the bony cor-
tex; the margins of grade III lesions are unclear, the bony cortex is
completely destroyed, and there is soft tissue and even joint invasion.

Preoperatively, all patients underwent a closed biopsy procedure
using a percutaneous Jam-Shidi needle for a definitive diagnosis. In-
tralesional extended curettage was the main surgical procedure. The
technique of curettage was based on using curettes and high-speed
burrs. Initially, a large window was opened on the bony cortex for
grade I and grade II lesions. This window was enlarged to visualize
the whole cavity, and the gross lesion was curetted. As the next step,
the inner cortical wall of the cavity was burred down with a high-
speed burr device and then cauterized (Figure 1. a-f). This procedure
was repeated several times. While using the high-speed burr, care
was taken to avoid further cortical breakdown or any soft tissue dam-
age. The cavity was washed off by a pulsatile lavage to clean debris.
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Great care was also taken to avoid damaging the underlying cartilage
during the management of periarticular lesions. For grade III lesions
that had already destroyed a cortical wall, the same procedure was
performed after removal of the tumor from the cavity and surround-
ing soft tissue.

Finally, the cavity was filled with PMMA (Figure 1g). We augmented
the fixation with metallic implants in 11 patients. In these patients,
the remaining bone stock was very limited following the extended
curettage, and subjectively, we assumed that a postoperative fracture
was very likely. We used only screws for eight patients and plate and
screw fixation for the remaining three patients (Figure 1. h-i). All
these lesions were grade II and grade III lesions. In these patients,
when the burring procedure was completed, PMMA was applied af-
ter inserting the implant. No other local adjuvants such as liquid ni-
trogen, hydrogen peroxide, phenol, or alcohol were used in any case
as we believed that they had no additional beneficial action other
than their side effects.

In the postoperative period, the patients were allowed to rapidly ad-
vance motion and gradual weightbearing as soon as the soft tissue
healing occurred depending on the location and size of the tumor.
For lesions around the knee joint, passive and active range of mo-
tion (ROM) exercises were started immediately after surgery. For all
lower extremity lesions, gradual weightbearing was started during
the immediate postoperative period; patients were given a pair of
crutches for the first six weeks. For the following two weeks, they
were allowed to walk with a single crutch, and full weightbearing
was allowed two months after surgery. For all upper extremity le-
sions, patients were given a sling for one week for pain relief. Passive
ROM exercises were started and conducted to the extent of patients’
pain threshold. Active exercises were started two weeks later. Lifting
heavy objects was prohibited for at least two months for all patients
with grade II and III upper extremity lesions.

The patients were followed up every three months in the first year.
Between the first and third year after surgery, they were seen twice
a year. After the third year, follow-up examinations were performed
annually.

Routine follow-up examinations included functional and radiolog-
ical evaluations. Conventional radiographs of the extremity in two
planes and a chest radiograph were considered for the radiological
follow-up. If there was a suspicion of local recurrence, additional im-
aging, including MRI and CT, was performed. A radiolucent line seen
around the cement border on conventional roentgenograms was con-
sidered a probable sign for recurrence. In case of radiological suspi-
cion for recurrence, closed biopsy was performed before any defini-
tive surgical intervention and histopathological detection of stromal
cells with multinucleated giant cells confirmed the diagnosis.

Functional evaluation was performed with Musculoskeletal Tumor
Society Scoring System (MSTS) (13). Routine MSTS evaluations
were made preoperatively and at the end of first year. According to
MSTS, pain, function, limping, and walking distance for the lower
extremity as well as position of the hand and elevation of the upper
extremity were taken into consideration (7). In addition, any surgi-
cal complications during the postoperative period were evaluated.
Correlation between the tumor recurrence and grade, location, and
pathological fracture was analyzed. This study was approved by the
ethical committee of the Marmara University, School of Medicine
(no. 09.2019/589). Written informed consent was obtained from pa-
tients and/or patients’ family members who participated in this study.

Statictical analysis
We used the Chi-squared test for statistical analysis. A p value of
<0.05 was considered significant.

Results

Of the remaining 79 patients, 41 were female and 38 were male
with a mean age of 39 (range 19 to 62) years. Twenty-seven of the
patients were referred from other institutions due to recurrent dis-
ease following their initial surgeries. Follow-up was conducted for all
patients, and all data were retrieved from complete medical records.
The involved bones were distal femur (n=29) followed by proximal
tibia (n=23). The other locations were distal radius (n=9), proximal
humerus (n=5), pelvis (n=5), proximal fibula (n=3), distal ulna (n=2),
distal tibia (n=2), and second metatarsal bone (n=1). The mean fol-
low-up period was 47 months (range 24 to 96 months). In the cur-
rent series, most lesions were grade III (n=37) followed by grade II
(n=32) and grade I (n=10). Complete clinical recovery was achieved
in 92% of the patients within three to six months postoperatively.
The mean MSTS score before the operation was 46.1% (range 40.2%
to 71.4%). The mean MSTS scores obtained one year after surgery
and at final follow-up visits were 91.7% (range 73.3% to 100%) and
86.3 % (range 66.2% to 96.1%), respectively. None of the patients had
complications due to the biopsy procedure. No complications such
as limping, osteoarthritis, postoperative fracture, or malignant trans-
formation were observed at 6, 12, 24 months, and the final follow-up
visits post surgery.

The overall complication rate was 7.6 %, as local tumor recurrence was
observed in four patients and wound infection was observed in two.
The wound infection was superficial in one patient and in the other
one, it was deep, and they both occurred at the distal femoral region
following surgical treatment of grade III lesions. The patient with the
deep infection who also had plate and screws at the surgical site under-
went a rough debridement procedure without any implant removal fol-
lowed by parenteral first generation cephalosporin (1 g, 4 times a day)
treatment for two weeks. The superficial infection was eradicated with
an oral first generation cephalosporin (500 mg, 3 times a day) treat-
ment for ten days and wound care. Tumor recurrence was detected
in four patients (5.1%) in whom recurrent lesions were located in the
distal femur in three patients and in the proximal tibia in one. All these
recurrences occurred within 36 months after the surgery. In these pa-
tients, the remaining bone stock was too limited for further curettage
and fixation, so we did not insist on repeating intralesional surgery and
decided to perform resection and endoprosthetic replacement.

The recurrence was diagnosed by clinical findings including pain and
swelling and by visualization of a radiolucent line around the cement
border. MRI supported this radiographic finding and demonstrated ex-
tension of the tumor. The patients with recurrent disease did not have
any pathological fracture before, thus we could not find any significant
correlation between pathologic fracture and recurrence. Even though all
recurrences occurred around the knee joint, there was no statistical cor-
relation between the tumor location and recurrence (p = 0.648). As all re-
currences were grade III lesions, we found a statistically significant cor-
relation between the grade of the tumor and the recurrence (p=0.032).

One of the patients with recurrent disease also had pulmonary metas-
tases in the second postoperative year. He was referred to the depart-
ment of medical oncology and started denosumab treatment. When
denosumab treatment was stopped, the patient underwent metasta-
sectomy operation for pulmonary lesions followed by endoprosthetic
replacement operation for recurrent GCTB.
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Discussion

The mainstay of treatment for GCTB is surgery, and surgical manage-
ment includes either simple curettage, extended intralesional curet-
tage with or without the use of local adjuvant agents, or wide resec-
tion (14, 15). However, due to the periarticular location of the tumor
and extremely high recurrence rates, the ideal treatment still remains
controversial (16). The recurrence rate of GCTB treated with simple
curettage has been reported between 30% and 50% (17). However,
the introduction of extended intralesional curettage with a high-
speed burr device has dramatically dropped the recurrence rates in
these local aggressive lesions (18). In a study performed Blackley et
al., the recurrence rate in GCTB following extended curettage, and
allograft packing was reported as only 12% without the use of any
adjuvant (19). Although the recurrence rate can be minimized by
en-bloc resection of the tumor, resection with wide margins requires
complex reconstruction procedures with large segmental allografts
or endoprosthetic implants which increase the rate of surgical com-
plications and disabilities (20). Several complications are inevitable
at long-term follow-up, therefore the functional results of en-bloc re-
section of these periarticular tumors are poor, particularly when their
benign nature is taken into consideration. On the other hand, curet-
tage alone is not sufficient for complete eradication of GCTB because
of its highly aggressive behavior. Therefore, adjuvant measures are
absolutely advised as standard procedure (21-23).

The recurrence is much more likely when there is soft tissue inva-
sion and a lack of integrity of the bony envelope (24). Treatment of a
recurrent GCTB is also a challenging issue. Intralesional surgery can
still be considered in recurrent cases unless there is a marked soft
tissue extension or a complicated pathological fracture where struc-
tural integrity cannot be regained after a reconstruction attempt (24).
In the current series, 24 out of our 103 patients were excluded and
underwent en-bloc resection and endoprosthetic replacement. One
of the reasons for our low recurrence rates (5.1%) probably relies on
the right patient choice for the right treatment method.

Many authors advocate a combined approach in the management of
GCTB, including curettage, electrocauterization, burring, phenol irri-
gation, hydrogen peroxide use, and PMMA. However, the beneficial
and harmful effects of these local cytotoxic agents is controversial
(25). Besides, the comparative effect of these compounds on the tu-
mor cells is not well known (25).

In the current study, we noted the benefit from the adjuvant effect of
electrocautery and PMMA after extended intralesional curettage only.
Heat application is an important technique to decrease recurrence in
local aggressive bone lesions. The use of cauterization in the treatment
of bone tumors is preferred by many authors and is used worldwide.
Aydin et al. reported that tumor cells beyond a distance of 6 mm can
be destroyed in a single subject, and safe margins can be achieved by
using electrocautery (26). We used standard cauterization in every pa-
tient after completing the curettage. We did not add any other special
chemical or physical adjuvants to widen the surgical margins. We also
did not use bone graft to fill the bone defects; instead, we used PMMA
as a chemical adjuvant for its additional benefit of thermal cytotoxic-
ity. Besides, PMMA provides structural support and allows early mo-
tion and weightbearing (27, 28). However, PMMA has adverse effects
like thermal damage to the subchondral bone and articular cartilage
that leads to early degenerative changes in the adjacent joints (29).
Nonetheless, Errani et al. emphasized the positive role of PMMA as
a local adjuvant, mechanical support, and also early detector of local
recurrence on their series with 349 patients (6).

Phenol is another commonly used local adjuvant. It's a corrosive
compound and can cause chemical burns on contact with skin and
soft tissues. Therefore, it should be handled with great care (30). The
greatest tissue penetration can be achieved when 6% phenol solution
is applied for 3 minutes or more (31). Use of higher concentrations
might result in bone necrosis and systemic intoxication (32). Howev-
er, in a study published by Trieb et al., local recurrence rate of GCTB
treated with or without phenol was reported to be similar (33). In
another study performed by Gortzak et al., the local effect of ethanol,
phenol, hydrogen peroxide, and zinc chloride were studied in vitro
with a limited number of patients (25). Their results suggested that
the use of these chemical compounds could improve local control in
the treatment of GCTB, and the short half-life of hydrogen peroxide
would make it particularly more feasible to use. We did not use phe-
nol, ethanol, or hydrogen peroxide in our series.

In another study performed by Arbeitsgemeinschaft Knochentu-
moren, the recurrence rate of GCTB was analyzed following different
treatment methods on 384 consecutive surgical procedures (34). This
large heterogenous study yielded a 98% recurrence-free outcome for
wide resection procedures. This rate was 78% for the group that was
treated only with adjuvant PMMA, 73% for a combination of phenol
and PMMA, and 85% for those treated with other local agents. As
a whole, the group treated with adjuvant therapy had significantly
lower recurrence rates when compared with the group that did not
receive any adjuvant treatment. However, there was no significant
difference among the type of local agents regarding the rate of local
recurrence. In another article published by Ruggieri et al., the effect
of local adjuvants on sacral GCT was analyzed (35). Their results in-
dicated that the likelihood of local recurrence was not changed with
the use of any adjuvant in this location, and the complication rate
was extremely high.

Another important adjuvant agent in the treatment of GCTB is denos-
umab. It's a fully humanized monoclonal antibody that inhibits osteo-
clast-mediated bone destruction. At the beginning of its discovery, this
agent generated great hope, particularly regarding the medical treat-
ment of recurrent disease, because of its rapid and consistent effect
in halting the progression of the tumor (36). Besides, it was found to
stimulate the formation of an osseous rim around the lesion and make
the tumor much more suitable for surgical resection (37). However, the
exact use of denosumab is still controversial in orthopedic oncology.
Traub et al. reported that good clinical and radiological responses can
be obtained with neoadjuvant denosumab that facilitates joint preserv-
ing surgery in particular; however, it has no effect on the local recur-
rence rate of GCTB following resection and hence remains a concern
(38). According to Tsukamoto et al., denosumab treatment should be
reserved for patients having tumor with a large soft tissue component
close to neurovascular structures or where en-bloc resection is impos-
sible due to complex anatomic location and extensive blood loss is
likely or in cases where pulmonary metastases are present (39). They
emphasized the need for more definitive and randomized studies for
its exact use. We used denosumab only in one patient who had local
recurrence associated with pulmonary metastases.

Finally, Tsukamoto et al. published an article very recently in which
they compared experienced and less experienced surgeons who
treated GCTB. In this study, PMMA was considered the only import-
ant univariate and multivariate predictor of local recurrence after
completing intralesional curettage (40).

Previously, it was thought that pathologic fracture is also a risk fac-
tor for local recurrence; however, recent studies do not confirm this
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relation (41, 42). Chen et al. emphasized that the probability of local
recurrence increases especially when the tumor exhibits soft tissue
extension (43). This fact was also a valid argument for our series.

Recent studies focus on the biomolecular background of GCT and
underline the importance and overexpression of CD44, VEGF (an im-
portant factor for tumor angiogenesis), and ezrin for the occurrence,
biological invasion, recurrence, and distant metastasis of the disease
(44). These parameters can be used as significant predictors for the
prognosis of these patients in the future.

There are some limitations of the current study. It has a retrospective
structure, and more importantly lacks a control group. Besides, the
different locations and grades of the lesions make the group heter-
ogenous. However, at the end of the first year, most of our patients
showed remarkable improvement in their limb functions. We think
that surgical treatment of GCTB with intralesional extended curet-
tage using high-speed burr and electrocauterization followed by ce-
mentation with PMMA is a sufficient, safe, and effective method.

In conclusion, despite its local aggressive behavior, GCTB can be
effectively treated with intralesional extended curettage with high-
speed burr and electrocauterization followed by cementation with-
out adding any chemical or physical local adjuvant to the procedure,
and satisfactory functional results with low recurrence rates can be
obtained.
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