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ABSTRACT

Objectives: The management of giant cell tumor (GCT) lesions around the knee is challenging. This study aimed to investigate the
long-term outcome of treating GCTs around the knee with associated pathological fractures by curettage and adjuvant cementation with
the use of high-speed burr. Methods: Fifty patients with a mean age of 28.3 years were included in the study. The tumor was located in the
distal femur (40 patients) and proximal tibia (10 patients). Eighteen patients were Grade II Campanacci, whereas 32 patients were Grade
III. The mean follow-up period was 65 months. Twenty-nine patients (58%) underwent extended curettage and bone cement. Twenty-one
patients (42%) underwent extended curettage, bone cement, and internal fixation. High-speed burr was used in 45 patients (90%). Bone graft
was used in 8 patients (16%). Functional evaluation was done using the Musculoskeletal Tumor Society (MSTS) scoring system for the lower
extremity. Results: The overall MSTS score was excellent in 42 patients (84%), good in 5 patients (10%), fair in 2 patients (4%), and poor in
1 patient (2%). The overall local recurrence rate was 12% (6 cases) and a 10% complication rate. There were no cases of fracture nonunion
or distant metastasis. Conclusions: GCTs around the knee with associated pathological fractures at diagnosis can be treated with extended
curettage using high-speed burr and adjuvant cementation with favorable functional long-term outcome.
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Due to the benign nature of the tumor, the young age
of patients, the predicted complications, and the need
for revision intervention, the goal for joint preservation
is generally reasonable.’” The management of GCTs
of bone by intralesional curettage with a filler such as
polymethylmethacrylate (PMMA), autograft, allograft, or

INTRODUCTION

Giant cell tumors (GCTs) represent 5% of primary bone
tumors.!!?! GCTs are usually benign tumors, which have
a locally aggressive behavior with occasional malignant
transformation.”>¥ With a slight female predominance, these
tumors commonly occur in patients aged 20-40 years old. GCT

of bone occurs most frequently in the distal femur, followed
by the proximal tibia.l*?

Most of the patients with GCTs present with progressive pain
initially related to activity and later on become evident at rest.
Pain is rarely severe unless the tumor becomes complicated
by a pathological fracture, which is the first presentation in
about 10%—30% of cases.**! Radiologically, the lesion is
eccentrically located in the metaphysis of long bones usually
about the subchondral bone. Moreover, it commonly breaks
through the cortex.*4
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PMMA is the most commonly utilized filler, and it has been
studied in the literature with a good outcome.?*! Cementation
is efficient to allow instant stability and provide a sufficient
quantity of filling material for tumor cavities.*”! Moreover,
its exothermic property acts as an adjuvant and decreases the
recurrence rate."'” However, its use in the management of
pathological fractures has not been notably studied.

Curettage and cementation option for pathological fractures
was firstly reported by Wouters!'!! in 1974 and Persson et al.'?
in 1984. The recurrence rate after curettage or resection differs
significantly in the literature, and it is unclear if curettage is
ideal after a pathological fracture.”) Moreover, it is not clear in
the literature if extended curettage and cement alone without
internal fixation is enough, regarding the functional outcome,
fracture union, complications, and recurrence rate.!!>14

This study was done retrospectively to evaluate the long-term
functional and oncological outcomes of GCTs around the knee
with associated pathological fractures treated with curettage
and adjuvant cementation and to assess the effect of extended
curettage using high-speed burr on the outcome.

MATERIALS AND METHODS

After taking approval from our ethical committee, we
retrospectively reviewed 50 patients with GCTs around the knee
joint (distal femur or proximal tibia), who developed pathological
fractures at diagnosis or before surgical intervention, treated by
curettage and cement augmentation between 2000 and 2015,
at a single orthopedic institute. The available clinical and
radiological records of all patients were analyzed and reviewed.

Data collection included demographic data, radiological
evaluation, histopathological diagnosis, tumor site and extent,
Campanacci grading system,['*! fracture characteristics,
fracture healing, type of surgical intervention, complications,
follow-up, and functional evaluation [Figure 1].

All patients with pathological fractures following GCTs around
the knee managed with curettage and cementation, with or
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Figure 1: Anteroposterior radiographs showing a giant cell tumor with a
pathological fracture in (a) distal femur. (b) Proximal tibia

without internal fixation, and a follow-up period of at least
3 years were included in this study. Cases were confirmed
histopathologically to be GCT. Patients with malignant
GCTs and those who received adjuvant radiotherapy and/
or chemotherapy were excluded. Patients who received
denosumab alone or as adjuvant before surgery were excluded,
as this study was held over a long period of time and the
introduction of denosumab was late.

Operative technique

Preoperative confirmation of diagnosis was done using computed
tomography (CT)-guided core biopsy and less frequently, by
direct open biopsy. Curettage and cement augmentation were
done for all patients without waiting for the fracture to heal.
Patients received general or regional anesthesia and positioned
supine. A tourniquet was applied with no exsanguination. The
incision was planned respecting tumor resection rules allowing
adequate exposure of the whole lesions and large adequate
windows either through the weakest point or through the fracture
site. Adequate thorough curettage was done using variable-sized
curettes and copious irrigation with hydrogen peroxide
and jet saline until removal of any suspicious macroscopic
tissue was assured. Curettage was extended with the use of
high-speed burr in 45 cases (90%) to clean up the resultant
cavity going tangentially in areas with the exposed subchondral
bone [Figure 2]. In the remaining 5 cases, the high-speed burr
was not available; this was especially in the early cases of this
study. Iliac crest bone graft was used in 8 patients (16%). It
was placed over the subchondral bone before packing the rest
of the cavity with cement, to avoid the articular damage due to
the thermal energy generated by the cement. Moreover, if any
recurrence occurred, removal of the cement would not damage
the articular surface. A small quantity of cement was applied,
in the other cases, near the adjacent articular surface to form a
thin cement layer. Then, we waited until it consolidated, and
then, the remaining cavity was filled [Figure 3].

The type of fracture determined the mode of treatment.
Twenty-nine patients (58%) presented with extra-articular

Figure 2: Intraoperative radiograph of the distal femur giant cell tumor
cavity while using a high-speed burr
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nondisplaced fractures and underwent extended curettage
and bone cement only [Figure 4]. Fixation of the fracture
with plates and screws was done in 14 patients (28%) who
presented with displaced extra-articular or intra-articular
fractures that required anatomical reduction to achieve more
stability [Figure Sa]. In 7 patients (14%) with large cavities and
extra-articular minimally displaced fractures, intramedullary
Steinmann pins were placed for reinforcement of the fractured
bone and to allow an earlier range of motion [Figure 5b].

Plain radiographs were taken in the first postoperative day, and
appropriate antibiotics were administrated. Wound condition
was observed during the first 2 weeks postoperatively.
Active, active-assisted, and passive range of motion
exercises (seated and supine), isometric quadriceps, hamstring,
and gluteal muscle exercises, straight-leg raising exercises, and
strengthening exercises were done depending on the stability
of the fracture in each case and as tolerated by the patient.
Partial weight-bearing was started in the first 612 weeks.
With fracture consolidation, full weight-bearing was started.

All patients had a clinical evaluation at 2, 6, and 12 weeks
postoperatively, then every 3 months till the end of the first 2
years, then every 6 months in the third year, then once yearly
in the following years [Figure 6]. Radiological evaluation by
plain radiographs of the knee was done in every scheduled
visit after surgery to evaluate fracture union and to detect any

a ?ﬁ b ;
Figure 3: Intraoperative image intensifier photos. (a) While applying the
first layer of cement. (b) After filling the cavity with cement

Figure 5: Postoperative anteroposterior and lateral radiographs showing
internal fixation after curettage and cementation of giant cell tumor with a
pathological distal femoral fracture. (a) Internal fixation by distal femoral
locked plate. (b) Augmentation with three Steinmann pins

signs of recurrence. If any recurrence was suspected, magnetic
resonance imaging and/or CT was requested. Moreover,
plain radiographs of the chest were done to detect any distant
metastasis. The Musculoskeletal Tumor Society (MSTS)
score for lower extremity!'®! was used for assessment of the
functional outcome.

Statistical analysis

IBM SPSS software version 25 (IBM Corporation, Armonk,
NY, USA) was used for statistical analysis of data, focusing
on epidemiological characteristics, functional and oncological
outcomes, complications, and recurrence. Continuous variables
as age and follow-up period were expressed as mean and range.
Complications and recurrence were described as a percentage.
The independent-samples #-test and one-way ANOVA test were
used to compare the means between the groups. Chi-square
test was used to study the association between each group and
the recurrence.

RESULTS

This study included 50 patients — 22 males (44%) and
28 females (56%). The mean age was 28.3 years (range, 16-53).
Seven patients (14%) presented initially with recurrent GCT,
whereas the rest of the patients (86%) were de novo lesions. The
tumor was in the distal femur in 40 patients (80%) and proximal
tibia in 10 patients (20%). Eighteen patients (36%) were Grade

Figure 4: Postoperative anteroposterior and lateral radiographs after
curettage and cement augmentation of a giant cell tumor complicated
by supracondylar femoral fracture

Figure 6: (a) Follow-up radiographs at 18 months a case of giant cell
tumor at the distal end of the femur with a pathological fracture managed
by curettage and cementation. (b) Follow-up radiographs at 26 months a
case of giant cell tumor at the proximal end of the tibia with a pathological
fracture managed by curettage, cementation, and plate fixation
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I Campanacci, whereas 32 patients (64%) were Grade III. The
mean follow-up was 65 months (range, 37-120) [Table 1].

Patients were classified into two groups according to the
diagnosis. Group 1 was 43 patients (86%) primarily diagnosed
as GCT at our institute. Group 2 was 7 patients (14%)
presented as a recurrent GCT. Patients also were classified
into three groups according to the type of surgical intervention.
Group A, with extra-articular undisplaced fractures, included
29 patients (58%) who underwent extended curettage and bone
cement. Group B, with extra-articular displaced or intra-articular
fractures, included 14 patients (28%) who underwent extended
curettage, bone cement, and internal fixation by plates and
screws. Group C, with minimally displaced extra-articular
fractures, included 7 patients (14%) who underwent extended
curettage, bone cement, and internal fixation with pins.

Fracture healing occurred in all cases after a mean of
13 weeks (range, 7-36), with no statistically significant
difference between Group 1 and Group 2 (P =0.56) or between
Group A, Group B, and Group C (P = 0.79). The overall
functional outcome according to the mean MSTS score at the
final follow-up time was 27.8 (range, 18-30), with excellent
score in 42 patients (84%), good in 5 patients (10%), fair in
2 patients (4%), and poor in 1 patient (2%).

At the final follow-up, the functional outcome according to the
MSTS scoring system was found to be significantly higher in
Group 1 than Group 2 (P = 0.020). As regards the relationship

Table 1: Patient details

Characteristics Value
Gender, 1 (%)

Male 22 (44)
Female 28 (56)
Age (years), mean (range) 28.3 (16-53)

Site, n (%)

Distal femur 40 (80)

Proximal tibia 10 (20)
Presentation, 1 (%)

De novo 43 (86)

Recurrent 7 (14)
Campanacci grading, 1 (%)

Grade IT 18 (36)

Grade 111 32 (64)
Technique, n (%)

Curettage + PMMA 29 (58)

Curettage + PMMA + ORIF 14 (28)

Curettage + PMMA + Steinmann pins 7(14)
High-speed burr, n (%) 45 (90)
Iliac crest bone graft, n (%) 8 (16)
Operative time (h), mean (range) 1.9 (1-3)
Follow-up (months), mean (range) 65 (37-120)
Fracture healing time (weeks), mean (range) 13 (7-36)
MSTS score, mean (range) 27.8 (18-30)
Recurrence rate, n (%) 6(12)

between functional outcome and type of procedure, the
functional outcome was significantly higher in Group A than
Group B (P =0.026) [Table 2].

The mean operative time was 1.9 h (range, 1-3). There was
an inverse correlation between operative time and functional
outcome with a statistically significant difference (P =0.023).

The overall local recurrence rate was 12% (6 patients). Five
of them were treated with joint preservation, whereas one
patient presented in a late stage with joint destruction and was
treated with wide excision and endoprosthesis. There was no
statistically significant difference between Group 1 and Group 2
and between Group A, Group B, and Group C regarding the
local recurrence rate. Using high-speed burr during the
procedure was statistically significant (P = 0.042) [Table 3].

Table 2: Significance of functional outcome using
the Musculoskeletal Tumor Society scoring system in
different study groups

Classification Mean+SD Median Range {forf P
Site
Distal femur (40) 27.7542.706  28.5 18-30  =-0.052 0.959
Proximal 27.8+2.781 28.5 22-30
tibia (10)
Patients’ diagnosis
Group 1 28.4+1.84 29 20-30  +=3.064 0.020*
Group 2 23.86+3.84 24 18-30
Type of procedure
Group A 28.59+1.5 29 24-30  f=3.955 0.026*
Group B 26.93£3.5 27.5 18-30
Group C 26+3.6 28 20-29

High-speed burr

use
Not used (5) 28.6+1.94 30 26-30 =-0.732 0.468
Used (45) 27.67+2.76 28 18-30

*P<0.05 is statistically significant but 7>0.05 is not statistically significant.
t: Independent-samples #-test, £ One-way ANOVA, SD: Standard deviation

Table 3: Recurrence rate in different study groups

Classification No recurrence Recurrence 2 P
(%) (%)

Site
Distal femur (40) 36 (90) 4(10) 0.56  0.452
Proximal tibia (10) 8 (80) 2 (20)

Patients diagnosis
Group 1 (43) 38 (88.4) 5(11.6) 0.040  0.841
Group 2 (7) 6 (85.7) 1(14.3)

Type of procedure
Group A (29) 25 (86.2) 4(13.8) 1.112  0.573
Group B (14) 12 (85.7) 2(14.3)
Group C (7) 7 (100) 0

High-speed burr use
Burr not used (5) 3(60) 2 (40) 4.125  0.042*
Burr used (45) 41 91.1) 4(8.9)

PMMA: Polymethylmethacrylate, ORIF: Open reduction and internal
fixation, MSTS: Musculoskeletal Tumor Society

*P<0.05 is statistically significant but 7>0.05 is not statistically
significant. y*: Chi-squared test
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Regarding complications other than local recurrence, we had an
overall complication rate of 10%. Early complications included
one patient with deep-seated infection with a sinus (2%). Late
complications were one patient with varus internal rotation
deformity in the tibia and one patient with knee flexion deformity
of 20°. Moreover, one patient developed chronic anterior knee
pain due to prominent hardware that was removed later on. One
diabetic patient suffered from superficial thrombophlebitis. We
had no cases of fracture nonunion or distant metastasis.

DISCUSSION

In this study, the overall functional outcome according to
the MSTS score was excellent in 42 patients (84%), good in
5 patients (10%), fair in 2 patients (4%), and poor in 1 patient (2%).
Gupta and Garg!'"! stated that GCTs with pathological fracture
can be treated with thorough curettage and cementation with an
excellent outcome. Using the MSTS scoring, the results were
excellent (72%), good (12.82%), fair (10.25%), and poor (5.12%).

O’Donnell et al."® concluded that the existence of pathologic
fractures would be accompanied with a higher rate of
recurrence after curettage owing to contamination of nearby
soft tissues. In the current study, the local recurrence rate
was 12% in a mean follow-up period of 65 months. When a
high-speed burr was used, the local recurrence was 8%. The use
of hydrogen peroxide as an adjuvant in all patients may further
have contributed to reducing the chance of local recurrence. In
similar studies in the literature, Hu et al.' had a recurrence rate
of 28%, and Gupta and Garg!'” had a recurrence of 10.5%. The
recurrence rate in Dreinhofer ef al. study!"” was 26.66% and
in van der Heijden ef a/. study®™ was 30%. On the other hand,
the incidence of local recurrence was lower in studies where en
bloc marginal resection and arthroplasty were done. Hu et a/.[
had a recurrence rate of only 4.9%, and van der Heijden et al.”
had 0% recurrence for the resection group.

Deheshi et al."' compared a group of GCT patients who
presented with pathological fractures and another group of GCT
patients without pathological fractures; both treated with joint
preservation surgery. They reported a recurrence rate of 17.4%
in the fractured group and 22.1% in the nonfractured group.”

Concerning whether pathologic fracture treated by joint
preservation surgery can lead to inferior oncologic results, our
study proved that the oncological outcome of these patients
was the same or even sometimes better than joint replacement.

Some authors compared the outcome of resection versus joint
preservation in GCT with a pathological fracture. van der
Heijden et al.™! reported higher MSTS scores after curettage
with adjuvants, mean 28 (range, 23-30), compared with
resection, mean 25 (range, 13-30).

In Natarajan et al. study,”” the functional results were evaluated
using Enneking criteria. Excellent results were achieved in
90 patients (62%), and 39 patients (27%) had good results.

Hu et al!® found that the median (range) MSTS score was
26.0 (0-30) in patients treated with en bloc marginal resection.

This was considered less than functional outcomes in our study. Li
et al.?" also found that the mean functional score according to the
MSTS score was 81% in patients who received endoprosthesis
replacement and 82% in other reconstruction options.

In this study, we had a complication rate of 10% in the form of
chronic infection with a sinus, varus internal rotation deformity
in the tibia, knee flexion deformity of 20 degrees, anterior knee
pain, and superficial thrombophlebitis. None of our patients
developed fracture nonunion or metastasis. These complications
were much lower than those reported by studies in which
en bloc resection and endoprosthesis were used. Natarajan
et al.® complications were periprosthetic fracture (8.3%),
infection (6.9%), and aseptic loosening (4.2%). Moreover,
recurrence was reported in one case (0.69%) and was treated
with wide local excision. Overall, from 143 patients, prosthesis
removal was done in 11 cases, and amputation was done in
3 cases. In van der Heijden et al. study, the complication rate
after curettage with adjuvants was 4% (1/23) and 16% after
en bloc resection (4/25).

In this study, we found that the age, sex, and the tumor location
either distal femur or proximal tibia had no statistically
significant affection on the functional and oncological
outcomes. In our study, the functional outcome was better in
patients who had extended curettage and cement alone. The
fact that the cement did not reduce the functional outcome in
this study was consistent with the same results reported by
Kafchitsas et al.??) and von Steyern et al.**

The use of high-speed burr showed a significant difference in
the recurrence rate, which is consistent with what is published
in the literature.['1°24 In this study, when high-speed burr was
not used, recurrence occurred in 2 cases out of 5 cases (40%).
When high-speed burr was used, recurrence occurred in only
4 cases out of 45 cases (8.9%).

None of'the cases in the current study experienced degenerative
changes in the knee joint with long-term follow-up which
indicates that the fear of subsequent osteoarthritis is largely
untruthful. Our results suggest that subchondral cement does
not cause degenerative arthritis provided that the articular
cartilage continuity is maintained under surgery.

Recurrence rate should always be in mind when treating
GCT.» Recurrence is lower after resection and reconstruction
compared to curettage.?” We believe that whenever possible
and indicated, curettage with local adjuvants should be
done. If joint preservation is possible, GCT presented with a
pathologic fracture can be curetted and cemented. This avoids
the higher complication rate with the prosthesis with the future
need for revision surgery and sometimes decreased function.
Joint preservation is a good option for GCT which is a benign
tumor occurring in relatively young patients. Resection and
endoprosthesis should be reserved for complicated intra-
articular fractures, fractures with large soft tissue extension, or
if structural integrity is difficult to be regained. Furthermore,
curettage and cementation can be repeated for recurrence
when it is difficult for endoprosthetic reconstruction. Our
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current choices for endoprosthesis are multiple recurrent
GCT, impossible joint salvage, and extensive soft-tissue
involvement.

This study has some limitations being a retrospective study
with selection bias of groups. Although the 50 patients included
in this study are considered a relatively high number treated by
a single orthopedic institute, still the number of patients was
small due to the low prevalence of GCT. As we only included
patients with GCT associated with pathological fractures, the
outcome and recurrence rates following treatment of GCT
patients without pathological fractures cannot be deduced from
this study and need to be addressed in future studies.

CONCLUSIONS

Extended curettage with the use of high-speed burr and filling
the cavity with PMMA cement is considered a good option
for treatment of GCT with associated pathological fracture.
It has a predictable satisfactory functional outcome provided
that anatomic reduction and stable fixation can be achieved.
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