
Introduction
Giant cell tumor (GCT) of bone is a benign but locally aggressive 
tumor with tendency for local recurrence, presenting in 3rd and 
4th decade of life, and carries a definite female preponderance 

[1]. After distal femur and proximal tibia, distal radius happens to 
be the most common site of occurrence for GCT [1, 2]. Absence 
of absolute clinical, radiological, or histological parameters 
renders the tendency of any lesion to recur or metastasize. 
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Introduction: Giant cell tumors of the bone are aggressive and potentially malignant lesions. Juxtaarticular giant cell tumors of the lower end 
radius are common and is a challenge for reconstruction after tumor excision. Several reconstructive procedures like vascularized and non-
vascularized fibular graft, osteoarticular allograft, ceramic prosthesis, and megapros thesis are in use for substitution of the defect in the distal 
radius following resection. Here, we have analyzed the results of aggressive benign Giant cell tumor of the distal radius treated by en bloc excision 
and reconstruction using autogenous non-vascularized fibular graft along with brachytherapy.
Material and Methods: Eleven patients with either Campanacci Grade II or III histologically proven giant cell tumors of lower end radius were 
treated with en bloc excision and reconstruction with ipsilateral non-vascularized proximal fibular autograft. Host graft junction was fixed with 
low contact dynamic compression plate (LC-DCP) in all cases. Fixation of the head of the fibula with carpal bones and distal end of the ulna, if 
not resected, using K-wires at graft host junction was done. Brachytherapy was given in all 11 cases. Routine radiographs and clinical 
assessments regarding pain, instability, recurrence, hand grip strength, and functional status were done using Mayo modified wrist score at 
regular intervals.
Result: The follow-up ranged from 12 to 15 months. At last follow-up, the average combined range of motion was 76.1%. The average union 
time was 19 weeks. Out of 11 patients, two patients had good results, five patients had fair results, and four patient had poor results. There was no 
case of graft fracture, metastasis, death, local recurrence, or significant donor site morbidity.
Conclusion: En bloc resection of giant cell tumors of the lower end radius is a widely accepted method. Reconstruction with non-vascularized 
fibular graft and internal fixation with LC-DCP along with brachytherapy minimizes the problem and gives satisfactory functional results with 
no recurrence.
Keywords: GCT, brachytherapy, en bloc resection, recurrence.

Abstract

Learning Point of the Article:
En bloc resection of distal radius with Brachytherapy gives favorable outcomes with less chances of recurrence.

Outcome Analysis of En bloc Resection and Reconstruction by Non-
vascularized Proximal Fibular Autograft in Giant Cell Tumor of Distal 

Radius supplemented with Brachytherapy
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Treatment options for GCT at distal radius include curettage 
with bone grafting or cementing, en bloc excision and 
reconstruction with non-vascular or vascular fibular autograft, 
osteoarticular allograft, ulnar translocation, or endoprosthesis.
Despite controversies, it is generally agreed that for a giant cell 
tumor of lower end radius, the extent of the surgical procedure 
and subsequent functional deficit must be weighed against the 
chance of recurrence [3]. Thorough curettage and bone 
grafting can preserve joint functions, it has been associated with 
high local recurrence rate of 27–54% [4, 5, 6, 7]. Walthar (1911) 
was the first to describe the use of a free non vascular proximal 
fibular graft to replace the resected distal radius [8].
In this prospective study of patients with giant cell tumor of the 
distal radius, we analyze the effectiveness of reconstruction of 
the defect after en bloc resection using non-vascularized fibular 

autograft along with brachytherapy.

Materials and Methods
Eleven patients with giant cell tumor of 
the bone at the distal end of the radius 
were treated by en bloc resection of tumor 
followed by reconstruction of the defect 
with autogenous non-vascularized fibular 
graft with a 12–15-month follow-up at 
our institution. There were four male and 
seven female patients. Their ages ranged 
from 25 to 50 years. The average follow-
up was 13 months. Criterion for inclusion 
was evidence of radiographic features 
characteristic of GCT on roentgenogram, 
CT scan or MRI, and confirmation by 
histopathological examination.

Campanacci’s staging system for giant cell tumor of the bone 
was used for staging. Grade I tumor had a well-marginated 
border of a thin rim of mature bone and the cortex was intact or 
slightly thinned but not deformed. Grade II tumor had 
relatively well-defined margins but no radio-opaque rim. Grade 
III tumors had fuzzy borders. According to this system, four 
were classified as Stage II and seven as Stage III.

Procedure
Patients were operated under general anesthesia and ipsilateral 
forearm and leg were prepped and draped appropriately. A 
pneumatic tourniquet was used at both surgical sites. The 
tumor was approached through volar approach. Bone was 
resected at a level determined preoperatively based on extent of 
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Figure 3: Reconstruction with fibular autograft. Figure 5:  Planning for Brachytherapy.Figure 4: Needle insertion for Brachytherapy.

Figure 1: Pre-operative Figure 2: Tumor after excision.
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bone involvement on MRI plus a safe margin of 3–5 cm. On an 
average 10.5 cm (8–13 cm) of bone was resected. After excision, 
tumor bed was routinely treated with 5% phenol and 3% 
hydrogen peroxide to take care of the inadvertent spillage, if any.
Ipsilateral fibula was approached from standard direct lateral 
approach after identifying and carefully protecting the common 
peroneal nerve. Fibula was sectioned at desired length 
depending on the defect created in forearm after tumor 
resection. We routinely obtained 3–5 mm extra length of fibula 
to cover for compression at radio fibular junction and error in 
taking measurements. The defect was bridged by the newly 
harvested non-vascularized proximal fibular autograft and was 
fixed using a 6 or 7 hole, 3.5 mm small fragment Low contact 
dynamic compression plate (LC-DCP). The proximal fibular 
graft was fixed with K-wire to the carpal bones and the distal 
ulna.
 In the same sitting, single plane implant was inserted with six 
needles with uniform spacing of 1.5 cm between each needle 
avoiding nerves and vessels if any. After careful hemostasis, 
wound was closed over a suction drain and an above elbow slab 

was applied.
On post-operative day 2, computed 
tomography scan and planning was 
done, on day 3, brachytherapy was 
started in the dose of 4 Gy/Fraction 
with 6 h gap between fractions for 2 
d a y s  ( 1 6 G y / 4 F / 2 D a y s ) . 
Brachytherapy was delivered by high 
dose rate nucleotron (microselectron) 
brachytherapy machine.
No External beam radiotherapy was 
given in any case.

Patients were followed-up at regular intervals and X-rays were 
taken at every visit. The aim of the early follow-up is to detect 
local recurrence. Clinical assessments regarding pain, 
instability, recurrence, hand grip strength, and functional status 
was done using the Mayo modified wrist score.

Results
The present case series involved analysis of 11 patients with 
GCT lower end radius, four patient with Campanacci Grade 2 
and seven patients with Grade 3.
Of the 11 patients analyzed, there were four males and seven 
females with three left-sided and eight right sided involvement 
of distal radius. The mean age of patients included in analysis 
was 44.4 (25–50 years). The minimum age was 29 years and 
maximum age was 50 years.
None of the cases had a pathological fracture or metastatic 
disease at presentation.
Average size of the tumor resected in our study was 130.8 cc. 

Mean follow-up duration in our series was 13 
months. Average time for radiological union 
was 19 weeks in our study.
Brachytherapy was given in all 11 cases, 
irrespective of campanacci grading.
Functional results were evaluated using the 
mayo modified wrist score. Out of 11 patients, 
two patients had good results, five patients had 
fair results, and four patients had poor results.
One patient who was the known case of DM 
had Surgical site infection at 6-month follow-
up and was treated appropriately with 
intravenous antibiotics and one patient 
suffered from non-union at the last follow-up.
None of the patient had graft fracture, 
r e c u r r e n c e ,  o r  a n y  s a r c o m a t o u s 
transformation during the follow-up period.
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Figure 6: Post-operative after skin healing.

T ab le 1 :  P atien t’s d em ograp h ic an d  clin ica l p rofile 

S . N o . A ge 
(in  
years) 

G en d er H an d  
D o m in an ce 

C a m p an acci 
grad in g 

T u m or 
S ize ( 
in  cc) 

A n y  co-
m o rb id  
con d ition 

1 46 F L III 142 - 

2 50 F R III 194 - 

A 3 38 M R III 156 - 

4 41 M R II 75 D M 

5 47 M R III 112 - 

6 40 F L III 128 - 

7 41 F R II 96 - 

8 33 F L II 108 S LE 

9 37 M R III 132 - 

10 40 F R III 212 - 

11 29 F R II 84 H C V 

 

Table 1: Patient’s demographic and clinical profile
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Discussion
GCT is a challenge for the orthopedic surgeons, both for cure 
and rehabilitation. Most patients with GCT are young with 
normal life expectancy. The aim of treatment is to excise the 
tumor, reduce the risk of recurrence, and preservation of the 
joint function. The problem of selecting proper treatment is 
complicated by the failure of its histologic appearance to 
indicate its biologic behavior [9]. Despite controversies, it is a 
general consensus that for a giant cell tumor of the lower end 
radius, the extent of the surgical procedure and subsequent 
functional deficit must be weighed against the chance of 
recurrence [3]. Eckardt et al. recommended en bloc resection 
for most grade III lesions [10]. Wide resection of the distal 
radius has been recommended to treat Grade III GCT when the 
tumor breaks through the cortex on dorsal and volar sides, when 
tumor invades the wrist joint or more than 50% of the 
surrounding metaphysis has been destroyed [11, 12].
Ipsilateral fibular non-vascularized autograft reconstruction of 
the large defect created after resection of tumor in lower radius 
offers many advantages over other procedures like more 
congruency of carpal joint, rapid incorporation as autograft, 
and easy accessibility without significant donor site morbidity.
The present study was an attempt to analyze the outcomes of en 
bloc excision with defect reconstruction using autogenous non-
vascularized fibular graft with addition of brachytherapy, 
primarily aiming to prevent the recurrence.
The functional results obtained in our study were similar/to 
previously published series with average grip strength of 56.2% 
of contralateral normal side. Average time for 
union at host graft junction was 19 weeks in 
this series which is comparable to that 
reported by other authors where similar 
treatment option was used. Literature 
regarding the usage of vascularized fibula or 
prosthesis is found to be few and inconclusive 
[13, 14]. Vascularized fibular grafting has 
been reported to speed up the healing at host-
graft junction thereby reducing the period of 
immobilization required. The operating time 
for vascularized fibular graft often reaches 
12–14 h and requires sacrifice of two major 
vessels. Dissection to obtain the fibula and its 
vascular pedicle and the isolation of its 
recipient vessels requires meticulous 
attention, sophisticated infrastructure, skill, 
and prolonged operating time have made its 
use limited.
Reconstruction over arthrodesis was 

preferred in our study to retain joint mobility. We preserved an 
average of 76.1% of the contralateral range of wrist motion. The 
grip strength compared to the contralateral hand was found to 
be 56.22% .Many authors reported good results (score around 
74%) with arthrodesis for distal radius GCT [15, 16] Wrist 
arthrodesis with autogenous fibula or ulna has been used after 
resection. An arthrodesis produces a painless and stable wrist, 
though at the expense of mobility. An arthrodesis reduces the 
functional score with minimal disability [17] Partial wrist 
arthrodesis has advantages over total arthrodesis [18].
Local recurrence of GCT is a very common problem reported in 
the literature. Zou et al. reported 25.9% recurrence rate of GCT 
in radius, out of which recurrence rate in curettage group was 
27% compared to en bloc resection group in which recurrence 
rate was 23.8% [19]. In our study, no local recurrence was 
reported both clinically and radiologically supporting the use of 
brachytherapy along with current management procedures for 
the GCT distal radius.
Many authors in the l iterature have reported many 
complications following en bloc excision such as carpal 
subluxation, infection, and graft fracture resulting in poor 
functional outcomes. In our study, one patient reported SSI at 6-
month follow-up which was treated appropriately with 
prolonged course of intravenous antibiotics. One patient who 
was the known case of DM from the past 20 years developed 
non-union and was given the option of bone grafting but the 
patient refused for any further surgical intervention. None of 
the patient had graft fracture or carpal subluxation.
Another possible complication or risk reported in the literature 
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T ab le 2 : T reatm en t an d  p ost-op erative p rofile  o f th e p atien ts 

S . 
N o 

B rach ytherap y 
Y es/no   

P ostop  
com plication 

G rip  strength  as  
com pared  to  norm al 
hand  (% ) P re/postop 

M odified  M ayo  w rist 
S core P re/postop 

1 Y es no 27 .5 /54 .4 25 /70 

2 Y es no 26 .2 /48 .4 15 /50 

3 Y es no 34 .4 /56 .8 25 /65 

4 Y es In fection 37 .8 /55 .8 25 /60 

5 Y es no 32 .4 /62 .4 20 /80 

6 Y es no 28 .6 /59 .7 20 /75 

7 Y es no 32 .5 /57 .6 25 /70 

8 Y es no 37 .8 /61 .1 30 /70 

9 Y es N on  un ion 29 .4 / 58 .8 20 /50 

10 Y es no 28 .4 /48 .9 15 /55 

11 Y es no 37 .7 /54 .6 25 /80 

 

Table 2: Treatment and post-operative profile of the patients
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Clinical Message

Treating GCT of distal radius is a challenging task. Best treatment 
option available along with other treatment option should be 
discussed with the patient for the satisfactory functional outcome. 
Hence, our study might provide a potential guiding light for the 
addition of brachytherapy in the management principles of GCT in 
distal end radius in the future.

with the use of brachytherapy is malignant or sarcomatous 
transformation of GCT. Palmerini et al. analyzed that the 
cumulative incidence of malignancy of GCT was 4.0% out of 
which the cumulative incidence of primary malignancy was 
1.6% compared with 2.4% for secondary malignancy. They 
confirmed that most malignant GCT of bone is secondary 
and occurs following radiation [20]. In our series, no episode 
of malignant transformation was reported during the follow-
up period suggesting the use of brachytherapy in the above 
mentioned dosage for the treatment of GCT lower end 
radius.
The present study had a limitation of small sample size in a 
single center but a large randomized, controlled, and multi-
center trial would be impractical considering the incidence of 
such tumors. Nevertheless, the conclusions should be further 
confirmed by a large prospective study with a longer follow-
up.

Conclusion
En bloc resection of giant cell tumors of the lower end radius 
followed with reconstruction of the defect with non-
vascularized fibular graft, internal fixation with LC-DCP 
supplemented with brachytherapy gives satisfactory 
functional results with no local recurrence.
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