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Background: Giant-cell tumor of bone (GCTB) is a locally aggressive intermediate bone tumor with a rarely metastasizing
disposition. Standard surgical treatment consists of curettage, adjuvant treatment, and augmentation with allograft,
autograft, or synthetics. Polymethylmethacrylate (PMMA) has been widely used for augmentation of the bone defect;
however, the hyperthermic polymerization of PMMA may cause damage to articular cartilage, and the stiffness of the
material may decrease the ability of the joint to absorb shock. These properties were reported to result in secondary
osteoarthritis. Calcium phosphate cement has a low degree of thermal reaction and a strength that is similar to cortical
bone. The aim of the present study was to investigate the incidence of secondary osteoarthritis around the knee joint
following augmentation with calcium phosphate cement.

Methods: We retrospectively evaluated 19 patients with primary GCTB from 2003 to 2012. Curettage, high-speed
burring, phenolization, and filling with calcium phosphate cement were performed in all patients. Radiographic evidence of
osteoarthritis progression was evaluated with use of the Kellgren-Lawrence grade; the postoperative grade was compared
with both the preoperative grade and the grade of the nonoperative contralateral knee at the time of the latest follow-up.
The Musculoskeletal Tumor Society score and oncological outcomes at the time of the latest follow-up were evaluated.

Results: At a median follow-up period of 131 months, osteoarthritic progression was observed in 5 patients (26%), of
which 2 were classified as Kellgren-Lawrence grade 3 and 1 was classified as Kellgren-Lawrence grade 4. The patient with
grade-4 osteoarthritis underwent total knee arthroplasty, and 1 of the patients with grade-3 osteoarthritis underwent open-
wedge high tibial osteotomy. The 10-year survival rate of joint cartilage with a Kellgren-Lawrence grade of <3 was 83%. The
average Musculoskeletal Tumor Society score was 29 points. GCTB recurred in 2 patients, and 1 of these patients
developed pulmonary metastasis.

Conclusions: The incidence of secondary osteoarthritis was low, despite the long follow-up period. Prospective inves-
tigation comparing PMMA and calcium phosphate cement is warranted to determine the relative rate of secondary
osteoarthritis and the outcomes associated with the 2 different types of augmentation.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

G
iant-cell tumor of bone (GCTB) is a locally aggressive
intermediate bone tumor, with a rarely metastasizing dis-
position, that usually affects the ends of long bones; ap-

proximately half of these tumors are localized around the knee

joint1,2. GCTB usually arises in adolescents and young adults from 20
to 40 years old1-3. Recurrence following surgical treatment is observed
in 12% to 27% of patients, and 1% to 4% of patients develop
pulmonary metastasis1,2,4-11. Pathological fracture sometimes occurs12.
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The standard surgical treatment of GCTB consists of curet-
tage, adjuvant treatment, and bone-grafting of the bone defect3,13-17.
High-speed burring or chemical adjuvants are usually utilized as
adjuvant treatments. Chemical adjuvants include phenol, alcohol,
hydrogen peroxide, and liquid nitrogen18. There are many options
of materials for augmentation: allograft, autograft, and synthetics.
Of these, polymethylmethacrylate (PMMA) is most commonly
utilized to fill the cavity. PMMA is easily moldable and provides
immediate mechanical support following the surgical procedure;
however, the hyperthermic polymerization of PMMA may cause
damage to articular cartilage, and the stiffness of the material may
decrease the ability of the joint to absorb shock15,19-21. In previous
studies, degenerative change of the articular cartilage was reported
in 30% to 33% of patients with GCTB at 5 years after curettage and
bone-grafting with PMMA22,23. Osteoarthritis is one of the most
notable complications, especially among young patients.

Calcium phosphate cement (CPC)mainly consists of alpha-
tricalcium phosphate. The material is sometimes utilized as a
scaffold for bone cavities in trauma cases; however, compared with
its use in the fields of craniofacial or dental surgery, its use in
orthopaedic surgery is less common24-27. CPC has little thermal
reaction at hardening, has strength similar to cortical bone, is
osteoconductive, and achieves good long-lasting stability28-30. To
our knowledge, there have been no reports regarding secondary
osteoarthritis in the knee joint following curettage and subsequent
augmentation with CPC instead of PMMA.

We evaluated the prevalence of radiographic findings of
secondary osteoarthritis following curettage and augmentation
with CPC, as well as the clinical outcomes of the procedure.

Materials and Methods

We retrospectively evaluated 19 patients who underwent
curettage and augmentationwith CPC for primary GCTB

in the distal aspect of the femur or the proximal aspect of the
tibia with a minimum follow-up of 5 years. These patients were
selected from a total of 37 consecutive patients identified with
use of a pathological database between 2003 and 2012. The cases
with a history of treatment for GCTB (n = 3), cases with
insufficient follow-up duration (n = 6), and cases in which the
tumor was located on the humerus, radius, pelvis, or fibula (n =
9) were excluded. The study population included 12 women and
7 men. The median follow-up was 131 months (range, 66 to
205 months). The median age at the time of the index procedure
was 39 years (range, 20 to 63 years).

The index procedure was performed by oncological
orthopaedic surgeons in all cases. Curettage and intralesional
treatment were preferred for GCTB at our institution, even in the
presence of soft-tissue extension. En bloc excision was not per-
formed as a primary treatment for GCTB. Internal fixation was
sometimes performed in cases involving pathological fracture.
The standard surgical treatment consisted of curettage, adjuvant
treatment of high-speed burring, and phenolization with rinsing
of the cavity with ethanol (performed 3 times), followed by filling
with CPC (BIOPEX or BIOPEX-R; HOYA Technosurgical). The
cost of CPC in U.S. dollars is approximately $150/mL, which is
expensive, but is all covered by the social insurance system in

Japan. Cementation was performed under tourniquet control.
Autologous bone graft was considered after curettage when the
cortical bone defect was large enough to leak into the intra-
articular space. The cement volume depended on the size of the
lesion; the average volume (and standard deviation) was 58 ±
22 mL. Postoperative rehabilitation consisted of functional
mobilization and immediate weight-bearing for most patients.
Patients with a pathological fracture were permitted only partial
weight-bearing for 6 to 12 weeks. There were no limitations on
sports or activities beginning 6 months after the surgical pro-
cedure. The follow-up protocol consisted of conventional radi-
ography and magnetic resonance imaging (MRI) every 4 to
6 months until 5 years after the procedure, and every 6 months
or 1 year thereafter to detect recurrence or complications. Chest
radiographs were also made at the same intervals to detect lung
metastasis.

Medical records and radiographs were reviewed to deter-
mine age, sex, tumor size, tumor location, Campanacci classifi-
cation, tumor-cartilage distance, exposed articular surface,
involvement of subchondral bone, pathological fracture, usage of
bone-modifying agents such as bisphosphonate or denosumab,
recurrence, metastasis, complications, preoperative and postop-
erative Kellgren-Lawrence (KL) grade, primary and additional
surgical procedures, and the duration of follow-up.

Osteoarthritis was assessed according to the KL grade on
preoperative and postoperative weight-bearing radiographs in
both the operative and contralateral knees31. The assessment was
performed by 2 independent observers. The KL grade of the
nonoperative contralateral knee was utilized as a control to
reduce the impact of age. The time of secondary osteoarthritis
following the surgical procedure was defined as the time at which
signs of osteoarthritis appeared to have progressed more than
both the preoperative KL grade and the KL grade of the non-
operative contralateral side at the time of the latest follow-up.We
evaluated the overall joint cartilage survival and the joint carti-
lage survival until progression to KL grade 3 or 4. The osteo-
arthritis evaluation in reoperation cases, such as total knee
arthroplasty and high tibial osteotomy, was performed prior to
the time of reoperation.

The amount of subchondral bone involvement was defined
as the area of the affected knee compartment in which £3 mm of
subchondral bone thickness remained, as assessed by radiogra-
phy or computed tomography (CT), and was calculated as a
percentage with the method described by Chen et al.32. Tumor-
cartilage distance and exposed articular surface were assessed on
preoperative CTor MRI.

The functional outcome was evaluated with use of the
Musculoskeletal Tumor Society (MSTS) score, and the onco-
logical outcome and disease-free survival were assessed at the
time of the latest follow-up. The MSTS score in reoperation
cases, such as total knee arthroplasty and high tibial osteotomy,
was evaluated prior to the time of reoperation.

This retrospective study of patients was approved by the
ethical committee of Kanazawa University Hospital (Institu-
tional Review Board Number 1804) in compliance with the
guidelines of the Helsinki Declaration of 1975.
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Statistical Analysis
The Kaplan-Meier method was utilized to assess the probability
of disease-free survival and osteoarthritis progression (joint
cartilage survival). The Cohen kappa statistic was utilized to
determine an interobserver agreement for osteoarthritic pro-
gression. Excellent agreement was defined as k ‡ 0.80, sub-
stantial agreement as k = 0.60 to 0.79, moderate agreement as
k = 0.40 to 0.59, and poor agreement as k < 0.40. All statistical
analyses were performed with use of EZR (Saitama Medical
Center, Jichi Medical University)33.

Results

The tumors were located at the distal aspect of the femur
in 12 patients and at the proximal aspect of the tibia in

7 patients. The Campanacci classification was grade I in 3
patients, grade II in 12 patients, and grade III in 4 patients. The
average tumor size was 58 ± 22 cm3. The average tumor-
cartilage distance was 3.4 ± 3.0 mm, and the average amount of
subchondral bone involvement was 19% ± 13%. One patient
had a pathological fracture that was detected preoperatively;
that patient underwent additional screw fixation and autolo-
gous bone graft with bone taken from the ilium in addition to
CPC augmentation and curettage. The other 18 cases were
all just filled with CPC after curettage, without any addi-
tional internal fixation. There were no complications, includ-
ing infection, postoperative fracture, instability, and restricted
range of motion.

Secondary osteoarthritis of the knee joint was detected
in a total of 5 patients (26%) at an average of 131 months of
follow-up (Table I). None of the other 14 patients experienced
progression of osteoarthritis secondary to the surgical proce-
dure, with 12 patients maintaining the same KL grade as
measured both preoperatively and in the nonoperative con-
tralateral knee (Fig. 1). For the other 2 patients, although
progressive osteoarthritis was observed, it was observed bilat-
erally, with the nonoperative contralateral knee having the
same KL grade as the operative knee; for this reason, these
2 cases were considered to be age-related osteoarthritis, rather
than secondary to the surgical procedure. Three of the 5 pa-
tients with secondary osteoarthritis progressed to KL grade 3
(2 patients) or grade 4 (1 patient). The Cohen kappa statistic
showed excellent agreement (k = 0.83) between the 2 inde-
pendent observers.

The overall survivorship of joint cartilage was 84% at
5 years and 73% at 10 years (Fig. 2-A), and the survivorship
of joint cartilage with a KL grade of <3 was 95% at 5 years
and 83% at 10 years (Fig. 2-B). Total knee arthroplasty was
performed in 1 patient with progression to KL grade 4 at
79 months because the arthritis-related pain could not be
managed nonoperatively. Following the total knee arthro-
plasty, the patient underwent denosumab therapy for pre-
vention of recurrence and treatment of osteoporosis. In
another patient, open-wedge high tibial osteotomy was per-
formed for progression to KL grade 3 at 89 months because

TABLE I Patient Characteristics*

Case
No.

Age in
Years,
Sex Location

Size
(cm3)

Pathological
Fracture ASB

Dimensions
of Exposed
Articular
Cartilage
(mm)

Preop.
KL

Grade

KL Grade at
Latest

Follow-up
Contralateral
KL Grade

Postop.
Osteoarthritis

Bone-
Modifying
Agents

Follow-up
Period
(mo)

Additional
Operation

1 29, M DF 45 No 7% 2 · 7 0 0 0 – – 98 Re-curettage

2 30, M DF 36 No 3% 3 · 6 0 3 0 Secondary – 111 OWHTO

3 20, F DF 75 Yes 38% 3 · 3 0 1 0 Secondary – 102 Hardware
removal

4 41, F DF 40 No 10% 5 · 4 1 1 1 – – 112 –

5 60, F PT 84 No 11% 11 · 6 2 4 2 Secondary Denosumab 112 TKA

6 33, F PT 90 No 27% 2 · 4 1 1 1 – – 117 –

7 35, F DF 66 No 17% NA 1 2 1 Secondary – 128 –

8 43, M PT 39 No 10% 0 1 1 1 – – 139 –

9 28, M DF 57 No 17% 5 · 6 0 0 0 – – 66 –

10 59, F DF 96 No 21% 8 · 9 1 3 1 Secondary Bisphosphonate 69 –

11 27, M DF 66 No 8% 0 0 0 0 – – 140 –

12 31, F PT 66 No 42% 5 · 6 0 0 0 – – 141 –

13 63, F PT 15 No 13% NA 1 2 2 Age-related Bisphosphonate 155 –

14 58, M DF 80 No 12% NA 1 1 1 – – 165 –

15 26, F PT 42 No 18% 0 0 0 0 – – 172 –

16 33, F DF 32 No 10% NA 0 0 0 – – 169 –

17 61, F DF 60 No 17% NA 1 2 2 Age-related – 193 –

18 28, F DF 54 No 53% 7 ·9 0 0 0 – – 205 –

19 20, M PT 36 No 19% 9 · 9 0 0 0 – Denosumab 104 –

*ASB =amount of subchondral bone involvement, preop. = preoperative, postop. = postoperative, DF = distal aspect of the femur, OWHTO= open-wedge high tibial osteotomy, PT = proximal aspect
of the tibia, TKA = total knee arthroplasty, and NA = not applicable.
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Fig. 2

Kaplan-Meier curve for overall cartilage survival (Fig. 2-A) and cartilage survival with KL grade <3 (Fig. 2-B).

Fig. 1

Figs. 1-A through 1-F Preoperative CT and anteroposterior radiographs showing change in the knee joint of a 31-year-old woman with GCTB at the proximal

aspect of the left tibia (Case 12, Table I). Fig. 1-A Coronal plane of the lesion with partial subchondral bone loss. Fig. 1-B Sagittal plane of the lesion with

partial subchondral bone loss. Fig. 1-C Preoperative state. Fig. 1-D State at 3 months postoperatively. Fig. 1-E State at about 12 years postoperatively.

Fig. 1-F State of the nonoperative contralateral knee at about 12 years postoperatively.
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the arthritis-related pain could not be managed non-
operatively. The other patient with progression to KL grade 3
was observed and nonoperatively managed because the
osteoarthritis was not symptomatic (Fig. 3). Two patients
with secondary osteoarthritis with progression to KL grade
1 and grade 2, respectively, were only followed at an outpa-
tient clinic because they experienced no arthritis-related
pain.

Oncological assessment revealed that 17 patients were
free of oncological disease; there was no evidence of disease
after re-curettage for the recurrence in 1 additional patient, and
the remaining patient was alive with disease. The 10-year sur-
vivorship free of oncological disease was 90% (Fig. 4). One
patient developed a recurrent tumor at 18 months postopera-
tively and underwent re-curettage and additional augmenta-

tion with CPC. One patient experienced recurrent GCTB and
pulmonary metastasis at 16 months and was treated with de-
nosumab only for 6 years. Even at 95 months after the pri-
mary surgical procedure, the patient remained stable and alive
with disease; neither progression of the disease nor secondary
osteoarthritis was observed. Bisphosphonate was utilized for
the other 2 patients for both prevention of recurrent GCTB and
treatment of osteoporosis.

Functional outcomes were excellent in all cases, with
an average MSTS score of 29 points (range, 23 to 30 points).
The lowest MSTS score (23 points) was observed in the
patient who eventually underwent total knee arthroplasty
for symptomatic progression of osteoarthritis to KL grade 3,
with MSTS scoring having occurred prior to the arthroplasty
procedure.

Fig. 3

Figs. 3-A through 3-F Preoperative CT and anteroposterior radiographs showing change in the knee joint of a 59-year-old woman with GCTB at the distal

aspect of the right femur (Case 10, Table I). Fig. 3-A Coronal plane of the lesion. Fig. 3-B Sagittal plane of the lesion. Fig. 3-C Preoperative state. Fig. 3-D

Immediate postoperative state. Fig. 3-E State at about 6 years postoperatively. Fig. 3-F State of the nonoperative contralateral knee at about 6 years

postoperatively.
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Discussion

Previous studies of GCTB have reported secondary osteo-
arthritis in 30% to 33% of patients who undergo curettage,

adjuvant treatment, and augmentation with PMMAwith mean
follow-ups of 25 to 57 months22,23, compared with 5 (26%) of
19 patients at a mean follow-up of 131 months in the present
study. Previous studies have also reported a progression of
osteoarthritis to KL grade 3 or 4 in 17% to 26% of patients with
mean follow-ups of 86 to 120 months5,6, compared with 3
patients (16%) at a mean follow-up of 131 months in the
present study (Table II).

PMMA has a number of advantages, including ease of
use, cytotoxic or necrotic effects on the tumor remnants, and
the fact that it supports full weight-bearing immediately after
the surgical procedure3,5,13,15,19. PMMA is widely recom-
mended to occupy the cavity left after curettage, although its
hyperthermic polymerization and its stiffness may cause
degenerative change of the joint cartilage15,19-21. CPC mainly

consists of alpha-tricalcium phosphate and is just as moldable
as PMMA for augmentation of the bone cavity, but the
thermal reaction during hardening is not as strong as that of
PMMA34. This thermal property might have contributed to
the low rate of secondary osteoarthritis in the present study.
The strength of CPC peaked at 1 week, and patients were able
to walk with full weight-bearing at postoperative day 3, which
is similar to patients who undergo this procedure with
PMMA. The compressive stress of the CPC is approximately
65 MPa at postoperative day 3 and reaches >80 MPa (final
strength) at 1 week after mixing35. The strength of CPC was
less than PMMA but similar to the cortical bone, which might
also contribute to the low rate of secondary osteoarthritis.
Other studies have also reported the osteoconductivity and
long-lasting stability of CPC28-30. With the exception of the
1 patient who underwent total knee arthroplasty, all patients
in the present study showed excellent function scores, as as-
sessed with use of the MSTS score, and some of the patients
could participate in sports or squat deeply without any
limitations.

To our knowledge, no previous study has assessed sec-
ondary osteoarthritis by comparison of the KL grade of the
operative and nonoperative contralateral knees. Previous
studies have only compared the preoperative and postoperative
KL grade of the operative knee5,6,22,23. The previous methods
possibly underestimate the progression of age-related osteo-
arthritis. We therefore compared the result to not only the
preoperative KL grade of the operative knee, but also the KL
grade of the nonoperative contralateral knee as a control in
order to decrease the impact of age-related osteoarthritis.
Actually, 2 patients in this study were not considered secondary
osteoarthritis, but rather age-related osteoarthritis. One of
these patients was a 63-year-old woman with GCTB of the
proximal aspect of the left tibia; KL grade-2 osteoarthritis was
observed in both sides of the knee joint at 155 months post-
operatively, despite a preoperative KL grade of 1 in both sides of
the knee joint. The patient complained of slight pain during
walking at the time of the latest follow-up. The other patient
was a 61-year-old woman with GCTB of the distal aspect of the
left femur; KL grade-2 osteoarthritis was observed in both sides

Fig. 4

Kaplan-Meier curve for disease-free survival.

TABLE II Previous Studies on the Incidence of Secondary Osteoarthritis and Recurrence Rate Following Curettage for GCTB*

Author, Year Cases

Average
Follow-up

(mo)
Bone
Graft

Osteoarthritis
Progression

Osteoarthritis
Progression to KL 3-4

Recurrence
Rate

Suzuki,22 30 57 PMMA 10 (33%) NA 10 (33%)

Xu23 76 35 PMMA 23 (30%) NA 3 (6%)

van der Heijden5 53 86 PMMA NA 8 (17%) 15 (28%)

Caubère6 19 120 PMMA NA 5 (26%) 8 (42%)

Present study 19 131 CPC 5 (26%) 3 (16%) 2 (11%)

*NA = not applicable
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of the knee joint at 193 months postoperatively, despite a
preoperative KL grade of 0 in both sides of the knee joint. The
patient was asymptomatic and is being followed at an outpa-
tient clinic.

Bone remodeling ability gradually declines with age, and
osteoporosis induces articular osteoarthritic change36,37. The curet-
tage procedure for GCTB might cause the cartilage damage when
performed in deteriorated bone. The surgeon must pay close
attention not to break the joint cartilage during the curettage. It is
also important to inform elderly patients of the possibility of re-
operation for secondary osteoarthritis.

The combination of PMMA and subchondral bone-grafting
has been reported to reduce the risk of osteoarthritis or mechanical
failure38,39. Wu et al. reported that PMMA and subchondral can-
cellous bone graft with supplemental cortical bone graft reduced
the risk of progression of osteoarthritis to 11% at an average of
33months38. Similarly, Teng et al. suggested that extensive curettage
with bone-grafting and cementing reduced the risk of mechanical
failure in the knee at a mean of 33 months39. However, the follow-
ups of these studies were not long enough to evaluate the occur-
rence of osteoarthritis.

Recurrence rates among patients who undergo curet-
tage for GCTB are not low5,6,12-14,19,22, with rates ranging from
27% to 65% when the remaining cavity is not filled following
curettage or when filling is performed with cancellous bone
graft1,2,4. On the other hand, recurrence rates ranging from
12% to 42% have been reported among patients who undergo
filling with PMMA4,6,13,40. In recent years, those recurrence
rates have decreased to 12% to 27% as a result of adjuvant
treatment or advanced operative techniques10,11. However,
among studies with a long-term follow-up, Caubère et al.6

reported a recurrence rate of 42% at 120 months, whereas
van der Heijden et al.5 reported a rate of 28% at 86 months
(Table I). In the present study, only 2 patients (11%) expe-
rienced recurrence at 131 months. This rate was much
lower compared with those reported in previous studies
(Table I).

Some studies have reported that the residual tumor cells
that remain following curettage and adjuvant treatment can be
killed by the hyperthermic reaction of PMMA, and that this
effect reduced the rate of recurrence5,13,19; however, the recur-
rence rate in the present study was lower despite the low
thermal reaction of CPC. Recently, denosumab therapy was
reported to be effective for advanced GCTB41. However, it
has been reported that the risk of local recurrence might be
increased in patients with GCTB who are receiving denosumab
therapy42. This therapy is currently controversial; however,
in the present study, neither of the 2 patients who received
postoperative denosumab therapy had progression of disease
or secondary osteoarthritis.

This study had several limitations. First, this was a ret-
rospective study that included a relatively small study popu-
lation in a single institution. Second, the residual amount of
cartilage could have beenmeasuredmore accurately byMRI for

the evaluation of osteoarthritis; however, MRI assessment was
not performed at every outpatient clinic. Third, there were no
cases in which PMMA was utilized; ideally, this study would
have compared the results to cases in which PMMA was uti-
lized. Fourth, the high cost of CPC was not considered in this
study. There was some variability in cost depending on the size
of the tumor; however, the cost may be a problem in the
countries in which the social insurance system is not well
developed.

In conclusion, when GCTB around the knee joint was
treated with curettage and augmentation with CPC, the inci-
dence of secondary osteoarthritis was comparatively low, even
with a long-term follow-up. Secondary osteoarthritis occurred
at a rate of 26% at a mean follow-up of 131 months in patients
who underwent augmentation with CPC after curettage. Pro-
spective investigation comparing PMMA and CPC is warranted
to determine the relative rate of secondary osteoarthritis
and the outcome associated with the 2 different types of
augmentation. n
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