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Abstract

Background: Despite several surgical techniques introduced for the treatment of distal radial giant cell tumor (GCT), most appro-
priate treatments remain to be discovered.

Objectives: The current study reported on the results of en bloc resection and partial wrist arthrodesis using non-vascularized
fibular shaft.

Methods: Between 2004 and 2014, 7 patients with distal radial GCT (Campanacci grade III) were treated by en bloc resection and
partial wrist arthrodesis using non-vascularized fibular shaft. Arthrodesis was performed using an intramedullary pin. Patients
were followed for 59 &+ 38 months. At the last visit, active range of wrist motions, modified musculoskeletal tumor society (MSTS)
scoring system, instability and grip strength compared to contralateral side were measured. Also, time of union, need for further
operations and recurrence of the tumor were evaluated.

Results: After 8.3 &= 0.5 months, complete union was achieved. The ranges of wrist flexion, wrist extension, ulnar deviation, radial
deviation, supination, and pronation averaged 16.7 + 2.6,7.5 + 6.1,7.5 £ 6.1, 6.7 - 5.2,33.3 £ 6.8, and 30.8 + 8.6 degrees, respectively.
The mean modified MSTS score was 75.8 4= 8%. Grip strength was 53.3 & 6.8% of the contralateral side. Graft-related complications
did not occur. Recurrence occurred in 2 patients, including one bony recurrence at the graft-wrist junction and one soft tissue
recurrence (28.6%).

Conclusions: Replacement of excised distal radius with non-vascularized fibular shaft autograft following en bloc resection and

partial arthrodesis, using an intramedullary pin, could serve as an appropriate treatment of distal radial GCT.
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1. Background

Giant cell tumor (GCT) of bone, the most common be-
nign locally aggressive bone tumor, accounts for about 4%
to 5% of all primary bone neoplasms and 20% of benign
bone tumors. Distal radius is the third common site of in-
volvement and is involved in about 10% of GCT patients (1,
2).

With regards to the important role of this area in
wrist function and stability and complicated anatomic and
biomechanical properties of the radiocarpal and distal ra-
dioulnar joints, treatment of distal radial GCT is always
challenging for surgeons. There are no absolute clinical,
radiographic or histologic features that precisely predict
tumor behavior (3). The distal radius has a further distinc-
tion of having more aggressive GCT with higher rate of lo-
cal recurrence and metastasis (4, 5). Moreover, many pa-
tients receive medical attention only after attaining con-

siderable size and virtually destroying the bony support of
the adjacent articular surface, so a more aggressive treat-
ment seems rational for GCT of the distal radius.

The most appropriate treatment option for distal ra-
dial GCT is unclear. The treatment is basically via extended
curettage and filling the defect with bone graft or cement
for most lesions. Due to the high rate of recurrence after
curettage of the more progressed lesions (4, 6-8), most sur-
geons prefer to perform en bloc resection followed by re-
construction or arthrodesis. Although en bloc resection
increases the chance of successful treatment of GCT, how-
ever, performing arthroplasty or arthrodesis and also se-
lecting the most suitable graft type is controversial. Us-
ing osteochondral distal radial allograft, vascularized fibu-
lar autograft, non-vascularized fibular autograft and ul-
nar transposition has been suggested, each with its advan-
tages and disadvantages (6, 8-18).
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2. Objectives

The current study presented mid and short term re-
sults of a technique using the non-vascularized fibular
shaft (without the fibular head) as an intercalary bone
graft for fibulo-scapho-lunate arthrodesis after resection
of distal radius. It is believed that the technique provides
both stability and some wrist mobility.

3. Methods

Seven patients with GCT of the distal part of the ra-
dius were treated between 2004 and 2014 at the institu-
tion of the current study. All of the patients were operated
on by a senior surgeon. The patients were classified using
Campanacci’s grading method consisting of 3 grades (19).
Grade [ tumors had a well-defined border and the cortex
was intact or slightly thinned but not deformed. In grade
II, the tumor expands the bone yet with a relatively well-
defined border and a radio-opaque cortical rim. In grade
11, the lesions had fuzzy borders with cortical destruction
in some areas and extension into soft tissue. According to
this system, all of the patients were grade II or III.

All seven patients were evaluated preoperatively with
appropriate studies consisting of plain radiographs, bone
scan, and magnetic resonance imaging (MRI). Five patients
had received no previous treatment and the diagnosis was
confirmed by open incisional biopsy. Two patients were re-
ferred with local recurrence after curettage and bone graft-
ing and the diagnosis of giant cell tumor was confirmed by
receiving previous pathological reports. Before the study,
the institutional review board approved the study. All of
the patients signed an informed consent.

3.1. Surgical Technique

All of the patients were operated under general anes-
thesia in the supine position. A pneumatic tourniquet was
used at both surgical sites (upper and lower extremities).
After prep and drape, 2 operating teams initiated the pro-
cedure for tumor resection and fibular graft harvesting.
Dorsal approach for distal radius was chosen for all pa-
tients. Biopsy tract was removed if present. Bone resection
was done at the level determined preoperatively by MRI
plus a safe margin of about 2 centimeters. Soft tissue com-
ponent was dissected and excised completely, taking care
not to damage neurovascular structures. An average of 5.6
£ 0.9 cm (4 to7cm) of bone was resected. At the distal site,
the proximal cartilage of scaphoid and lunate was resected
and a slot created between them for fibular graft insertion.
The second team harvested the graft from the middle-third

of the contra-lateral fibula, simultaneously. The graft is re-
sized to match the radius defect in the best wrist align-
ment. Wrist-graft and graft-radius fixation was achieved
by a rush pin inserted through the third metacarpal in the
fibular graftand then the radius medullary canal. For more
rotational stability, a second pin was introduced to cross
the graft-host junction. Chips bone graft was routinely ap-
plied at fibula-radius and fibula-scapholunate junction. Af-
ter careful hemostasis, the wound was closed over a suc-
tion drain and an above elbow slab was applied.

As tolerated, weight bearing was allowed early after
surgery. After 2 weeks, a long arm cast was applied after
suture removal for the next 6 weeks. After that, a rigid
wrist brace was used until union was achieved and in-
tramedullary rush pin was removed at that time. Patients
were followed weekly in the first month, fortnightly in the
next 2 months, and then on a monthly basis. After the first
year, follow up was performed at 3 monthly intervals for
one year and 6 monthly thereafter. X-rays were taken at
every visit after the first month and evaluated for union,
recurrence of tumor or graft related complications. The
union time of proximal and distal ends of the graft was de-
termined and the later was considered as the time of com-
plete union. At the final visit, clinical outcome included
grip strength and range of motion was measured using
a dynamometer (Hydraulic grip gauge, SH5005, SAEHAN
corporation, Korea) and goniometer, respectively. Pain,
functional activity, emotional acceptance, hand position-
ing, dexterity and lifting ability were assessed according to
the modified Musculoskeletal Tumor Society (MSTS) scor-
ing system (20).

4. Results

Despite of the treatment plan, one of the patients (a 21-
year-old male) did not return for pin removal at the deter-
mined time. However, he returned after 18 months with a
bony recurrence of the tumor at the graft-wrist junction.
The functional outcomes of the patient in the study was
not included, however, this patient was considered as one
of the recurrence cases. It was decided to perform en-bloc
resection and wrist arthrodesis using iliac crest graft for
the second time (Figure 1).

The characteristics of the other patients are presented
inTable1. The patients were aged 21.3 & 4.5 years at the time
of resection (Range: 17 to 30). Patients were followed for
59 + 38 months (range: 10 to 120). At last follow up, the
ranges of wrist flexion, wrist extension, ulnar deviation, ra-
dial deviation, supination, and pronation averaged 16.7 &
2.6,7.5+6.1,7.5+6.1,6.7+5.2,33.3 £ 6.8,and 30.8 £+ 8.6 de-
grees, respectively. The mean functional score based on the
modified MSTS score was 75.8 = 8%. Complete union was
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Figure 1. A and B, the x-rays show the recurrence of the lesion in distal radius. C and D, en-bloc resection and wrist arthrodesis using iliac crest graft was performed.

achieved after 8.3 = 0.5 months (Figure 2). Grip strength
was 53.3 & 6.8% of the contralateral side. Emotional accep-
tance was excellent in all patients and they were all satis-
fied with the esthetic results.

There was no major complication related to the pro-
cedure. Also, graft-related complications, such as resorp-
tion or fracture did not develop in the patients. There was
one case of soft tissue recurrence of tumor after 9 months,
which was treated with mass excision and no sign of recur-
rence was detected after 3 years of follow up. In total, the
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incidence of recurrence in the current study was 28.6%.

5. Discussion

The study demonstrated that replacement of excised
distal radius with non-vascularized fibular shaft autograft
following en bloc resection and partial arthrodesis using
an intramedullary pin could serve as an appropriate treat-
ment of distal radial GCT.
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Table 1. Characteristics of the Patients with Distal Radius Giant Cell Tumor

No. Age at Sex. Duration Duration Range of Motion Length MSTS Recurrence Follow Grip Instability
Patient the Time of Wrist of Radio- of the .up (m) Strength

of Union Fibular Graft

Surgery (m) Union
\2 (m)
Flex Ext Radial Ulnar Sup Pron
Dev Dev.
1 17 F 9 9 15 10 10 10 30 30 55 85% No 48 45% no
2 19 M 8 8 20 0 10 10 35 25 7 62% No 36 55% no
3 20 M 6 8 15 15 10 10 30 35 45 72% No 10 50% no
4 20 F 9 9 20 10 10 15 45 45 6 81% Soft 80 55% no
tissue

5 22 M 8 8 15 0 0 0 25 20 5 78% No 120 65% no
6 30 ] 7 8 15 10 0 0 35 30 7 7% No 60 50% no

Abbreviations: Dev, deviation; Y, year; Flex, flexion; Ext, extension; M, months; MSTS, musculoskeletal tumor society; Pro, pronation; Sup, supination.

Figure 2. A and B, The final x-rays of a patient after 2 years showing no recurrence and complete union of the graft to the radial bone.

Giantcell tumoris an aggressive lesion with a high rate
of recurrence. In large series, the rate of local recurrence
even after modern operating techniques, supplemented
by adjuvants such as phenol, high speed burr, and cement-
ing, was 50% after only 2 years of follow up (5, 21, 22). There
are reports that GCTs in the distal radius are more aggres-
sive and metastasize more often to the lungs (4).

Treatment and rehabilitation of the patients with a dis-
tal radial GCT is a challenging problem for orthopedic sur-
geons. The importance of the radial bone in normal func-
tion of the wrist joint and significant effects of wrist mal-
function on activities of daily living concern the surgeons
about the treatment of these patients, especially when a
young patient admits with a distal radial GCT.

Although it seems that curettage of the lesion and fill-
ing the bone defect can preserve the normal joint function
due to preservation of the distal radius, however, studies
have shown that this treatment is associated with 27% to
54% of local lesion recurrence (18). In a meta-analysis, Liu
et al. demonstrated that compared to the resection, intra-
lesional excision is associated with higher local recurrence
rate especially in grade 3 GCTs. They demonstrated that
intra-lesional curettage is more appropriate for grade 1and
2 lesions (6).

En-bloc resection of the tumor is strongly recom-
mended for advanced stage of the distal radial GCT (Cam-
panacci grade III), post-curettage recurrence, and tumors,
which break the radial cortex (pathological fracture), en-
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large rapidly, extensively involve the bone and soft tissue
with collapse of the distal radial articular surface and those
that are frankly malignant to minimize the chance of re-
currence (3, 8, 22, 23). However, en bloc resection has its
own limitations. With this technique, the articular surface
is sacrificed and it has been reported that secondary os-
teoarthritis is found in 13% to 50% of the patients (6). Re-
construction after en bloc resection is necessary and many
techniques have been advocated including iliac crest graft,
transposition of the ulna, distal radial allograft, vascular-
ized or non-vascularized fibular graft and prosthesis (6, 8-
18).

Ulnar transposition or reconstruction with corticocan-
cellous graft immolates the wrist and forearm motion. Ap-
proximately, half of these patients experience stress frac-
ture (24).

Some authors used distal radial allograft for recon-
struction (6, 8). Although using allograft had resulted in
promising outcomes, however, problems with reconstruc-
tion of the radiocarpal ligaments and late wrist instabil-
ity or allograft fractures limit the use of this technique in
clinical practice (9). Furthermore, finding an appropriate
donor and obtaining and saving the graft, potential infec-
tion or graft rejection and delayed healing are some of the
problems of this technique (9). Duan et al. found accept-
able results after 5.2 years in 15 patients treated with radial
allograft. They did not find non-union or allograft fracture.
The GCT recurred in one patient and degenerative changes
were found in all of the patients (14). However, other stud-
iesreported concerning outcomes with the use of distal ra-
dial allograft. In treatment of 15 patients with distal radial
GCT (Campanacci III), Jamshidi et al. found 3 cases of recur-
rence(25). One patient developed nonunion and 9 patients
had instability of the distal radioulnar joint. Degenerative
changes were found in all of the patients. After 5.4 years,
5 patients required revision surgery due to the fracture of
the allograft (4 patients) and recurrence of the lesion (1 pa-
tient)(25). Kocher et al. reported a high rate of arthrodesis,
instability and pain and other complications following re-
construction with distal radial allograft. One patient even
underwent amputation (26).

Vascularized fibular autograft is a technically demand-
ing procedure and several complications may occur (9).
This technique is expensive and associated with significant
operative time and potential complications. Although vas-
cularized fibular graft may speed up the healing of the
bone, however, this operation may last often 12 to 14 hours
and requires sacrificing of 2 major vessels (9, 18). Also, skin
closure of the forearm could lead to certain problems (27).
If vascularized fibular graft is used with fibular head as a
wrist arthroplasty, neither the stability nor the mobility of
the wrist will be comparable to a normal joint (28). Ad-
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ditionally, donor site problems in particular laxity of the
knee may impress the results (29). These problems are the
cause of limited reports about the outcomes of this tech-
nique. Recently, Chung et al. treated 12 patients with GCT
stage 2 based on the Enneking classification. Union had
occurred after nearly 16 weeks in all patients with moder-
ately satisfactory grip strength, range of motion and func-
tional outcomes. However, skin grafting was required in 5
patients. Also, subluxation and subsequent osteoarthritic
changes occurred in 5 patients (11). Conversion to arthrode-
sis after reconstruction with vascularized fibular autograft
due to the persistent pain was reported (29).

In 1945, for the first time, non-vascularized fibular au-
tograft was used for congenital absence of the radius (30).
Later, this technique was used for treatment of distal ra-
dial GCT and resulted in promising outcomes. Advantages
of non-vascularized fibular grafting include rapid incorpo-
ration, easy accessibility, low risk of significant donor site
morbidity, and absence of immunogenic reactions (18).
However, this procedure could be associated with compli-
cations such as delayed union, nonunion, stress fracture,
bone resorption, deformities, ulnar impingement, carpal
degenerative changes in arthroplasty cases, and donor site
morbidity (31). Similar to other arthroplasty techniques,
reconstruction arthroplasty using non-vascularized fibu-
lar graft is associated with high rate of instability and sub-
luxation. In a study by Saikia et al. the most common com-
plication was fibulocarpal subluxation (41.7%) (18). Also,
Chadhaetal. treated 9 patients and found that subluxation
and graft fracture occurred each in 2 (22.2%) (8). In a similar
study, Saini et al. found 3 patients with subluxation (25%)
(32). In all of the studies by Saikia et al., Chadha et al., and
Saini et al., postoperative range of motion and functional
outcomes were moderately satisfactory and comparable
(8,18, 32). Conversely, Bassiony reported no case of sublux-
ation. His patients had satisfactory functional outcomes
and range of motion. One patient required arthrodesis
(10%) (9).

Although arthroplasty with non-vascularized fibular
grafting has yielded acceptable outcomes in certain stud-
ies (9), yet because of the high rate of subluxation follow-
ing arthroplasty (8, 18), some surgeons preferred arthrode-
sisafter en blocresection. Flouzat-Lachaniette et al. treated
13 patients with distal radial GCT with limited arthrode-
sis after en bloc resection and reconstruction with non-
vascularized fibular autograft. The functional score was
satisfactory, however, ranges of wrist motion was limited.
The most important problem was that 5 patients (38.5%)
required a second operation within 6 years yet no revi-
sion surgery (10). With regards to the outcomes of pre-
vious reports, the patients were treated with en bloc re-
section and reconstruction using non-vascularized fibular
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graft followed by partial wrist arthrodesis. In the tech-
nique used here, the graft-host fixation at both sides was
done using an intramedullary rush pin and a plate was
not used because it may have caused soft tissue irritations,
hardware prominency or complicate revision surgery. In
the current series, the mean union time was 8.4 months
and there was no case of nonunion so it seems that us-
ing intramedullary fixation is a simple technique that pro-
vides acceptable stability, comparable union time to other
studies and lower cost, especially in developing countries.
Also the results showed no wrist instability in the final
follow up yet lower overall range of motion compared to
arthroplasty. Although another surgery was required be-
cause of tumor recurrence in 2 cases, none of patients un-
derwent revision surgery because of progressive degener-
ative changes, pain or donor site morbidity during the fol-
low up period. The described technique uses a relatively
simple method of raising a non-vascularized fibular shaft
graft to obtain good stability and some mobility of the
wrist by performing a partial carpal fusion between fibula,
scaphoid, and lunate.

The current study demonstrated that replacement
of excised distal radius with non-vascularized fibular
shaft autograft, following en bloc resection and partial
arthrodesis using an intramedullary pin, could serve as an
appropriate treatment of distal radial GCT.

Like other studies, the current study had a number
of limitations. The current study was descriptive and the
results were not compared with other techniques. Also,
it seems that more patients and long-term follow up are
needed for more reliable outcomes. In the described tech-
nique, the pin should not be removed until union of the
radio-fibular junction and wrist, which can be bothersome
and irritate the extensor tendon. Also, this could explain
the cause of more limited ROM in the patients compared
to other studies.

In conclusion, the current study demonstrated that
en bloc resection and partial wrist arthrodesis using non-
vascularized fibular autograft is an appropriate treatment
option for patients with distal radial GCT. The current
study only used a rush pin for fixation of the graft and
arthrodesis, which could be a suitable option in develop-
ing countries regarding the cost of treatment. Unfortu-
nately, 2 patients experienced recurrent tumor. Progres-
sive degenerative changes, pain or donor site morbidity
were not found in the patients of the current study. The
functional outcomes were acceptable and patients were
satisfied with the outcomes.
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