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Abstract Objective This is the first study to establish the utility of extended curettage with or
without bone allograft for Grade II giant cell tumors GCTs around the knee joint with
the aim of exploring postoperative functional outcomes.
Methods We retrospectively reviewed 25 cases of Campanacci grade II GCTs under-
going extended curettage between January 2014 and December 2019. The partic-
ipants were divided into two groups: one group of 12 patients underwent extended
curettage with bone allograft and bone cement, while the other group of 13 patients
underwent extended curettage with bone cement only. Quality of life was assessed by
the Revised Musculoskeletal Tumor Society Score and by the Knee score of the Knee
Society; recurrence and complications were assessed for each cohort at the last follow-
up. The Fisher test and two-sample t-tests were used to compare the categorical and
continuous outcomes, respectively.
Results Themean age was 28.09 (7.44) years old, with 10 (40%)males and 15 females
(60%). The distal femur and the proximal tibia were involved in 13 (52%) and in 12 (48%)
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Introduction

Giant cell tumor (GCT) of the bone is a benign primary bone
tumor. However, it is highly aggressive and rarely metasta-
sizes.1 With the knee being the most frequent site, it usually
manifests in the third and fourth decades of life with a slight
female preponderance.2 On a plain radiograph, GCT has a
characteristic radiolucent expansile cystic appearance in
epiphyseal or metaphysical regions. Hence, a radiological
classification of GCT was described by Campanacci et al.3

Histologically, it is diagnosed by the presence of multinucle-
ated giant cells derived from the activation of receptor
activator nuclear factor K-B ligand (RANKL). Usually, it is
heralded by pain, swelling, mass or inability to bear weight.

Giant cell tumors pose therapeutic challenges due to vari-
able outcomes, necessitating longer follow-ups and revision
surgeries. Grade III GCTs are treated with wide margin resec-
tionand reconstruction.4However, there isnowidelyaccepted
agreement regarding a method selection for the ideal treat-
ment ofGrade I and II GCT and itmay result in discrepancies in
management plans among the surgeons.5 Curettage, wide
excision, and Denosumab have all been commonly employed
for the treatmentofGrade I and IIGCTunder previous studies.2

Extended curettage remained the preferred option for Grade I
and II GCT due to least postoperativemorbidity, cost-effective-
ness, and surgical convenience.

Due to extensive curettage for GCT, the larger bone defect
remained a matter of concern among surgeons. A difference

patients, respectively. There was no significant difference in themusculoskeletal tumor
society score (25.75 versus 27.41; p¼ 0.178), in the knee society score (78.67 versus
81.46; p¼0.33), recurrence (0 versus 0%; p¼1), and complications (25 versus 7.69%;
p¼0.21).
Conclusions Extended curettage with or without bone allograft have similar func-
tional outcomes for the knee without any major difference in the incidence of
recurrence and of complications for Grade II GCTs. However, surgical convenience
and cost-effectiveness might favor the bone cement only, while long-term osteoarthri-
tis prevention needs to be investigated to favor bone allograft.

Resumo Objetivo Este é o primeiro estudo a estabelecer a utilidade da curetagem estendida
com ou sem enxerto ósseo em tumores de células gigantes (TCGs) de grau II na
articulação do joelho com o objetivo de explorar os resultados funcionais pós-
operatórios.
Métodos Revisamos retrospectivamente 25 casos de TCGs de grau II de Campanacci
submetidos a curetagem estendida entre janeiro de 2014 e dezembro de 2019. Os
participantes foram divididos em 2 grupos: um grupo de 12 pacientes foi submetido a
curetagem estendida com aloenxerto ósseo e cimento ósseo, enquanto o outro grupo,
com 13 pacientes, foi submetido a curetagem estendida apenas com cimento ósseo. A
qualidade de vida foi avaliada pela Pontuação Revista daMusculoskeletal Tumor Society
(MTS, na sigla em inglês) e pela Pontuação da Knee Society (KS, na sigla em inglês),
enquanto as taxas de recidiva e complicações foram avaliadas em cada coorte na última
consulta de acompanhamento. O teste de Fisher e os testes t de duas amostras foram
usados para comparação de resultados categóricos e contínuos, respectivamente
Resultados A média de idade dos pacientes foi de 28,09 (7,44) anos; 10 (40%)
pacientes eram do sexo masculino e 15 (60%) pacientes eram do sexo feminino. O
fêmur distal e a tíbia proximal foram acometidos em 13 (52%) e 12 (48%) dos pacientes,
respectivamente. Não houve diferença significativa na pontuação revista da MTS
(25,75 versus 27,41; p¼0,178), na pontuação da KS (78,67 versus 81,46; p¼ 0,33) e
nas taxas de recidiva (0 versus 0%; p¼1) e complicações (25 versus 7,69%; p¼0,21).
Conclusões A curetagem estendida com ou sem aloenxerto ósseo tem resultados
funcionais semelhantes em pacientes com TCGs de grau II no joelho, sem qualquer
diferença importante na incidência de recidivas e complicações. No entanto, a
conveniência cirúrgica e o custo-benefício podem favorecer a utilização apenas de
cimento ósseo, enquanto a prevenção da osteoartrite em longo prazo precisa ser
investigada para favorecer o enxerto ósseo.

Palavras-chave

► tumores de células
gigantes

► enxerto ósseo
► cimento ósseo
► curetagem estendida
► joelho/cirurgia
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of opinion stems in terms of using bone cement with or
without bone allograft to fill the defect after curettage and
achieve better results. Various studies have been conducted
to compare different methods used for treating and recon-
structing the defect, which also aimed to minimize the
incidence of recurrence and metastasis.6 While studies
have evaluated the outcomes of GCT treated with bone
allografts for the radius, the humerus and metacarpals,
similar articles for knee GCT have been unfrequently pub-
lished.7,8 During our literature review, a study by Saibaba
et al.9 showed the use of bone allograft for GCT around the
knee, but the study design was single-armed and Grade III
GCTs were also included, while another study by Datta
et al.10 coupled the allograft with arthrodesis. To the best
of our knowledge, according to our literature review, this is
the first study to establish the utility of extended curettage
with or without bone allograft for Grade II GCT around the
knee joint with the aim of exploring postoperative outcomes.

Materials and Methods

Study Design
We retrospectively reviewed record files of patients from the
Orthopedic Surgery Department of a tertiary care hospital
who were treated between January 2014 and Decem-
ber 2019. The patient data included their name, age, diagno-
sis with radiographs and biopsy reports, bone involved,
management, status at the last follow-up, and contact for
correspondence. Following the Declaration of Helsinki,
the second author contacted each patient individually to
obtain a signed informed consent form before the registra-
tion process.

Inclusion and Exclusion Criteria
We included patients who had a diagnosis of Campanacci
grade II GCT around the knee joint, including the distal
femur and the proximal tibia, which were proven by biopsy
evaluation and had received extended curettage. The in-
cluded study population was stratified into two cohorts
according to the use of bone allograft with extended curet-
tage. All patients who were treated by extended curettage
and did not receive bone allograft but only bone cement

was stratified into the “non-bone allograft” group while all
patients who were treated by extended curettage and
received bone allograft with bone cement were included
in “bone allograft group”. Patients who were skeletally
immature or their age was missing in the records were
excluded. We also excluded patients who had primary
and secondary malignant GCT, who were lost to follow-up
before 24 months, who had grade I or III GCT, and any
recurrent giant cell tumor after curettage.

Study Population
We retrospectively recovered 70 patients with GCT from the
hospital records. Out of 70 patients, 25 candidates fulfilled
the inclusion and exclusion criteria. The mean age was 28.09
(7.44) years with 10 (40%) males and 15 females (60%).
According to the bone involvement, the distal femur and
the proximal tibia were involved in 13 (52%) and in 12 (48%)
patients, respectively. The mean follow-up duration was 3.1
(1.7) years, ranging from 2 years to 5 year. The comparison of
groups is shown in ►Table 1. Follow-up details were docu-
mented on progress charts with radiographs for each patient
individually. Theywere also documented for reappearance of
signs and symptoms of GCT clinically and radiographically.
The histopathology report of the biopsy was reviewed at the
first follow-up.

Surgical Technique
After consent and counseling and under aseptic measures, a
medial or lateral incision was made according to the site of
the tumor, and a cortical window around the GCTwas made
for curettage. After curettage, burring was used to clear the
remaining tumor and to level the surface. Once the surface
became smooth and tumor-free, cauterization was used to
burn the micro tumor particles. The site was then washed
with hydrogen peroxide and saline before further assess-
ment of articular cartilage and the remaining subchondral
bone. In the patients in whom no subchondral bone was left
after an extensive curettage, we took chips of femoral head
allograft and impacted them in the subchondral part. 7.3mm
titanium screws or T-locking plate or distal femur locking
plate along with bone cement were used to augment the
construct. These patientswere stratified to thebone allograft

Table 1 Baseline study characteristics comparison of Bone Allograft with non- Bone Allograft group

Bone Allograft Non-Bone Allograft p-value

Number of patients (n) 12 (48%) 13 (52%) �
Age in mean (years old)�� 27.67 (5.43) 28.15 (5.08) 0.81

Gender� 5:7 (41.67%: 58.33%) 5 :8 (38.46%: 61.53%) 0.87

Bone involved�

Distal Femur 6 (50%) 7 (53.85%) 0.88

Proximal Tibia 6 (50%) 6 (46.15%) 0.88

Follow-up in years�� 2.2 (1.8) 3.5 (3.2) 0.23

��Mean (standard deviation)
�Frequency (sercentage)
Follow-up range: 2 to 5 years

Rev Bras Ortop Vol. 58 No. 1/2023 © 2022. Sociedade Brasileira de Ortopedia e Traumatologia. All rights reserved.

Outcomes of Extended Curettage with and without Bone Allograft Sahito et al. 143



group. Patients with sufficient subchondral bone were
treated with extended curettage and bone cement and
were supported with screws or plate. These patients were
stratified into the non-bone allograft group. The wound was
closed in layers. The technique is shown in ►Fig. 1.

Early knee movement was encouraged postoperatively,
andweight bearing was resumed once the patientswere able
to tolerate it. Stitches were removed after 2 weeks and
patients were followed-up fortnightly for 3 months, then
monthly for 6 months, then every 3 months for 2 years and,
subsequently, biannually. On each visit, knee movements
were assessed and documented on follow-up charts.

Comparative Outcomes Analysis
Our primary end point was postoperative functional out-
come of the treated knee on the last follow-up, ranging from
2 years to 5 years, assessed via the Knee score of the Knee
Society Score, where 0–25means poor results; 26–50means
fair results; 51–75 means good results, and 76–100 means
excellent results. The RevisedMusculoskeletal Tumor Society
Score for lower extremity was employed, where 0–7 means
poor result; 8–14 means fair results; 15–22 means good
results; and>22means excellent results. The secondary end
points were to determine the incidence of recurrence and of
complications, including wound infections, deep infections,
postoperative fractures, and early-arthritis.

Statistical Analysis
All descriptive statistics are represented as means with
standard deviations (SDs) for continuous variables. Categor-
ical variables are presented as frequencies with percentages.
Comparisons of baseline characteristics and outcomes be-
tween the two groups are made by either the independent
sample t-test for the continuous variables or the Fisher exact
test for two categorical variables with a confidence interval
(CI) of 95% for both according to the statistically small sample
size.11 Data was analyzed using IBM SPSS Statistics for
Windows, version 22.0 (IBM Corp., Armonk, NY, USA) and
XLSTAT software. All the baseline study characteristics are
categorical variables, except age, which is a continuous
variable. The knee score of the Knee Society Score and of
the Revised Musculoskeletal Tumor Society Score are con-
tinuous variables, while the incidence of recurrence and
complications are categorical variables.

Results

No statistical difference was observed between the bone
allograft and non-bone allograft groups in terms of age
(27.67 [5.43] versus 28.15 [5.08]; p¼0.81) gender (5:7
[41.67%: 58.33%] versus 5:8 [38.46%: 61.53%]; p¼0.87];
distal femur (6 [50%] versus 7 [53.85%]; p¼0.88), proximal
tibia (6 [50%] versus 6 [46.15%]; p¼0.88], and mean follow-
up (2.2 [1.8] versus 3.5 [3.2]; p¼0.23], as shown in►Table 1.

Revised Musculoskeletal Tumor Society Score
According to the Revised Musculoskeletal Tumor Society
Score, there was no statistically significant difference be-

tween the bone allograft group and the non-bone allograft
group (26.25 versus 26.15; p¼0.93). In the bone allograft
group, two patients reported intermediate functions, while
three patients were using support intermediately. All
patients were walking without limitations except for one
patient, who had intermediate limitation while walking on
slopes. In the non-bone allograft group, one patient had
intermediate limb functions while three patients were using
intermediate supports. However, six patients had interme-
diate walking limitations. All patients in the bone allograft
and non-bone allograft groups reported no pain and gait
issues and were satisfied with the surgical outcomes.

Knee score of Knee Society Score
The non-bone allograft group showed slightly better results
compared with the bone allograft group. However, the
difference was not statistically significant (78.67 versus
81.46; p¼0.33). All patients in both groups showed ante-
roposterior and mediolateral stability<5, and no varus or
valgus deformity was present is any candidate. A similar
range of flexion between 100° and 125° and an extension lag
of between 0° and10° was also present in both groups. Two
patients in the bone allograft group had a contracture of 20°,
while 2 patients presented a contracture of 9°. Only one
patient in the non-bone allograft group had a contracture of
20°.

Recurrence
There was no incidence of recurrence in any group postop-
eratively within 5 years of follow-up (0% versus 0%; p¼1).

Complications
The difference in complications between each group is not
statistically significant (3 [25%] versus 1 [7.69%]; p¼0.21).
However, three patients reported superficial infections in
the bone allograft group, while only 1 patient reported
superficial infections in the non-bone allograft group within
7 days. They were initially treated with antibiotics and daily
dressings. Out of three, one patient in the bone allograft
group did not respond to antibiotics and the daily dressings
and was therefore taken to the operating room due to the
deep extension of the infection. The site was reexplored, and
bone cement was removed with copious washing of the site
and reconstructed, after which the wound was closed as
usual and followed-up closely (►Table 2 and ►Fig. 2).

Discussion

Extended curettage has been used for GCT for many years.
However, the reconstruction of bone defect has remained
a controversial issue since then. Different trials have
reported reconstruction of the bone defect with either
bone cement and/or bone grafts. The literature currently
lacks good-quality comparatively designed studies focus-
ing specifically on the GCT around the knee joint with
defined Campanacci grading in their inclusion criteria. Our
study is the largest comparative study with 25 participants
with only Grade II GCT, divided into 2 cohorts. We have
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excluded grade I and III GCTs as they may create bias in the
results due to smaller and larger curettage windows,
respectively, and may also decrease the reproducibility
of the results. To overcome the statistical difficulty for a
limited sample study, we used the Fisher exact test and the
Student t-test, which works well on smaller samples.11

Moreover, the study cohorts are nearly identical based on
the baseline characteristics of the cohorts.

The results of our trial have shown no difference in
Revised Musculoskeletal Tumor Society Scores between

both cohorts. Excellent postoperative outcomes of limb
function have been achieved in both groups. The results of
our study have shown similar results as those of Greenberg
et al.12 and Yu et al.13 where they used bisphosphonate-
loaded bone cement for filling after curettage and oral
bisphosphonates, respectively. Similarly, curettage with
bone cement has been proven to be successful in many other
studies as well.14,15 During our literature review, we also
found some studieswhere bone graftingwas used alongwith
bone cement for GCT with excellent postoperative

Fig. 1 Surgical technique for extended curettage of GCT of the distal femur showing (a) preoperative X-ray (b) preoperative MRI (c) creation of
cortical bone window and curettage of contents (d) after burring and washing with hydrogen peroxide and saline (e) filling the cavity with bone
allograft, bone cement, and fixing with LCP (f) postoperative X-ray.
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functions.16,17 However, these studies related to bone ce-
ment and bone grafts are not specific for GCT around the
knee joint and included grades I and III GCTs as well, such as
Song et al.18 who performed extended curettage with bone
cement for GCT around the knee joint but included grade III

GCTs only, while Saibaba et al.9 included grades I, II, and III
GCT candidates. Another study by Gupta et al.19 included
pathological fractures with GCT as the study population, but
the results remained excellent. Hence, there is a lack of data
regarding the use of allograft and/or cement around the knee
joint for grade II GCT.

The knee score of the Knee Society Score was also used in
our trial as a method of calculating structural and functional
outcomes in a comprehensive manner. The knee scores of
both groups did not show any statistically significant differ-
ence. However, the results were showing slightly better
results in the non-bone allograft group due to less contrac-
ture formations. The association of contracture with delayed
rehabilitation has been well-established.20 Patients treated
with bone cement developed early postoperative recovery
which reduces the incidence of contractures.21 During our
surgery, we did not manipulate the articular surfaces, so
mediolateral or anteroposterior instability was not observed
in any candidate in any group. Due to pain, muscle damage,
and contracture development, a few patients in both groups
reported some extension lag which was mild and managed
conservatively. To the best of our knowledge, none of the
previous studies have reported postoperative functions in
terms of the knee score of the Knee Society Score. The score
has been originally designed for sports surgeries, but it may

Table 2 Postoperative comparison of outcomes between the
allograft with the non-allograft group

Outcomes Bone
Allograft

Non-Bone
Allograft

p-value

Revised
Musculoskeletal
tumor society
score��

26.25 (2.17) 26.15 (2.48) 0.92

Knee Society
Score��

78.67 (6.02) 81.46 (7.67) 0.33

Recurrence� 0 (0%) 0 (0%) 1

Complications

Wound infections� 3 (25%) 1 (7.69%) 0.21

Deep infections� 0 (0%) 0 (0%) 1

Early osteoarthritis� 0 (0%) 0 (0%) 1

��Mean (standard deviation)
�Frequency (percentage)

Fig. 2 Flowchart for inclusion/exclusion of patients.
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play a pivotal role in the assessment of knee functions after
other reconstructive knee surgeries aswell, since this scoring
system is based on a reliable clinical assessment by trained
personnel only without any clinician-oriented or patient-
oriented prejudice.22 We may postulate that the assessment
of knee functions should be carried out using the knee score
of the Knee Society Score in future studies to increase the
reproducibility of the results for GCT around the knee.

With an excellent functional status, we followed-up
patients for at least 1 year and did not find recurrence in
any of the groups. The results of our study contradict the
previous articles inwhich a high number of recurrences have
been reported. Moreover, Vaishya et al.23 reported more
recurrences in bone graft than in bone cement in their
systematic review. Many studies havementioned phenoliza-
tion as a necessary adjunct to decrease recurrence.24,25

However, we only used hydrogen peroxide for chemical
cauterization with bone cement in both groups to decrease
the risk of recurrence. Studies havementioned curettage as a
potential risk factor for high recurrence.8,26 Most of these
studies used only curettage with bone graft or bone cement
without phenolization or hydrogen peroxide. Our results
have shown that chemical cauterization with hydrogen
peroxide along with extended curettage may be enough to
reduce recurrences in GCT. The recurrence rate of our study
also shows that extended curettage with chemical cauteri-
zation is superior to wide-margin resection for Grade II GCT,
which goes against the previously published articles.26,27

Our study reports superficial infections among candidates
in both groups. However, more infections were reported in
the bone allograft group than in the non-bone allograft
group. All the participants were infected with staphylococ-
cus aureus and were subsequently treated by dressings and
antibiotic. However, in one candidate, the infection pene-
trated deep, requiring removal of bone cement, copious
washing, and reloading of bone cement. We did not report
any postoperative fractures in our study. This indicates that
appropriate filling of the bone defect is necessary to prevent
fractures. One of the most discussed complications of peri-
articular curettage is the development of early osteoarthritis,
with mixed results having been reported in different stud-
ies.28,29 Xu et al.30 showed that subchondral bone grafting
may decrease osteoarthritic changes, but our study has
proven equivocal results with bone grafting and/or cement-
ing. Araki et al. conducted the longest follow-up study to
evaluate the development of osteoarthritis and reported
osteoarthritis in 26% of the participants after curettage
and cementation.29

In conclusion, extended curettage with or without bone
allograft have similar functional outcomes for the knee
without any major difference in the incidence of recurrence
and complications for Grade II GCT. Under these circum-
stances, intraoperative duration, surgical convenience, and
cost-effectiveness favor the use of bone cementwithout bone
allografts for reconstructing the defect after extended curet-
tage. However, bone allograft provides a sandwiching mate-
rial between the cartilage and the bone cement that may

prevent cartilage degeneration and osteoarthritis in long-
term follow-ups, which requires further investigation.
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