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Abstract

Background Many techniques have been described for
reconstruction after distal radius resection for giant cell
tumor with none being clearly superior. The favored
technique at our institution is total wrist fusion with auto-
genous nonvascularized structural iliac crest bone graft
because it is structurally robust, avoids the complications
associated with obtaining autologous fibula graft, and is
useful in areas where bone banks are not available. How-
ever, the success of arthrodesis and the functional
outcomes with this approach, to our knowledge, have only
been limitedly reported.

Questions/purposes (1) What is the success of union of
these grafts and how long does it take? (2) How effective is
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the technique in achieving tumor control? (3) What com-
plications occur with this type of arthrodesis? (4) What are
the functional results of wrist arthrodesis by this technique
for treating giant cell tumor of the distal radius?

Methods Between 2005 and 2013, 48 patients were
treated for biopsy-confirmed Campanacci Grade III giant
cell tumor of the distal radius. Of those, 39 (81% [39 of
48]) were treated with wrist arthrodesis using autogenous
nonvascularized iliac crest bone graft. Of those, 27 (69%
[27 of 39]) were available for followup at a minimum of 24
months (mean, 45 months; range, 24—103 months). During
that period, the general indications for this approach were
Campanacci Grade III and estimated resection length of 8
cm or less. Followup included clinical and radiographic
assessment and functional assessment using the Disabilities
of the Arm, Shoulder and Hand (DASH) score, the Mus-
culoskeletal Tumor Society (MSTS) score, grip strength,
and range of motion at every followup by the treating
surgeon and his team. All functional results were from the
latest followup of each patient.

Results  Union of the distal junction occurred at a mean of
4 months (£ 2 months) and union of the proximal junction
occurred at a mean of 9 months (£ 5 months). Accounting
for competing events, at 12 months, the rate of proximal
junction union was 56% (95% confidence interval [CI],
35%—-T72%), whereas it was 67% (95% CI, 45%—82%) at 18
months. In total, 11 of the 27 patients (41%) underwent
repeat surgery on the distal radius, including eight patients
(30%) who had complications and three (11%) who had
local recurrence. The mean DASH score was 9 (& 7) (value
range, 0-100, with lower scores representing better func-
tion), and the mean MSTS 1987 score was 29 (% 1) (value
range, 0-30, with higher scores representing better func-
tion) as well as 96% (4 4%) of mean MSTS 1993 score
(value range, 0%—-100%, with higher scores representing
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better function). The mean grip strength was 51% (£ 23%)
of the uninvolved side, whereas the mean arc of forearm
rotation was 113° (£ 49°).

Conclusions Reconstruction of defects after resection of
giant cell tumor of the distal radius with autogenous
structural iliac crest bone graft is a facile technique that can
be used to achieve favorable functional results with com-
plications and recurrences comparable to those of other
reported techniques. We cannot show that this technique is
superior to other options, but it seems to be a reasonable
option to consider when other reconstruction options such
as allografts are not available.

Level of Evidence Level IV, therapeutic study.

Introduction

Giant cell tumor (GCT) of bone is a locally aggressive,
benign bone tumor characterized by its locally aggres-
sive behavior and epiphyseal location and rare presence
of pulmonary metastasis. The distal radius is the third
most common site for GCT to occur [29], and the jux-
taarticular nature of this site makes surgical management
of these aggressive tumors challenging. The anatomical
factors that contribute to the complexity of management
of these tumors around the distal radius are the small size
of the distal radius, the proximity of this site to the
radiocarpal and distal radioulnar joint (DRUIJ), and the
relative lack of soft tissue to contain tumor breaching the
cortex.

Although intralesional treatment involving extended
curettage and grafting or cementation can be successfully
used in Campanacci [5] Grade I and II tumors, Campanacci
Grade III tumors are much more common and opinions on
the best management strategy are more divergent. The
distal radius is associated with a higher risk of recurrence
[4, 31], and as such for aggressive Grade III tumors, many
authors support wide en bloc resection followed by
reconstruction. A wide variety of reconstructions tech-
niques after resection of GCT of the distal radius have been
described with none being clearly superior [8, 47, 48].
These differ by the type of graft replacing the resected bone
and whether an attempt is made to preserve the radiocarpal
articulation. The autogenous grafts described include free
vascularized fibula graft [20, 25, 33, 35, 38], nonvascu-
larized fibula [6, 37, 44], vascularized structural iliac crest
bone graft (ICBG) [21], nonvascularized ICBG [8], non-
vascularized corticocancellous tibial struts [11, 46], and
use of the ulna adjacent to the involved radius [36, 39].
Structural allograft [2, 41, 45] is a popular alternative in
certain countries as well. For the reconstructive technique
chosen, these can be divided into those involving
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arthrodesis and those not. When arthrodesis is performed,
this can be a total wrist arthrodesis with fixation of the
native radius, the bridging graft, the carpus and a meta-
carpal, a total wrist arthrodesis with ulnocarpal fusion
(when either ulnar centralization [39, 47] or translocation
[7, 36, 44] is performed), or a limited arthrodesis such as a
fibulascapholunate arthrodesis [3, 16]. Where arthrodesis is
not performed, soft tissue reconstruction is performed to
effect an osteoarticular reconstruction of the radiocarpal
articulation. Certain authors describe the use of additional
autogenous ICBG to fuse the DRUJ [37], whereas the
addition of a distal ulna osteotomy to create a Sauve-Ka-
pandji-type reconstruction in addition to DRUJ fusion
[22, 42, 43] has also been described.

Total wrist fusion with autogenous nonvascularized
structural ICBG is one of the many reconstructive tech-
niques and is the technique favored at the senior author’s
institution (XN). This preference is based on the straight-
forward technique of graft harvest, the structural robustness
of the graft, and the belief that ICBG would result in
consistent union and fusion and stable wrist function.
However, the success of arthrodesis and the functional
outcomes with this approach, to our knowledge, have only
been reported as a single smaller series [8].

The purpose of this study was to evaluate and present
our experience with this technique and ask the following
questions: (1) What is the success of union of these grafts
and how long does it take? (2) How effective is the tech-
nique in achieving tumor control? (3) What complications
occur with this type of arthrodesis? (4) What are the
functional results of wrist arthrodesis by this technique for
treating GCT of the distal radius?

Patients and Methods

Between 2005 and 2013, 48 patients were treated for
biopsy-confirmed Campanacci Grade III GCT of the distal
radius at the senior author’s institution (XN). Of those, 39
(81% [39 of 48]) were treated with wrist arthrodesis using
autogenous nonvascularized ICBG. During that period, the
general indications for this approach were Campanacci
Grade III and estimated resection length of 8 cm or less.
Twenty-seven (69% [27 of 39]) were available for fol-
lowup at a minimum of 24 months. We reviewed clinical
information from our institution’s prospectively collected
musculoskeletal oncology database. Study approval was
obtained from the institutional review board.

The study population included 27 individuals and
comprised 11 men and 16 women. The mean age of pre-
sentation was 29 years (& 7 years). Eighteen patients
presented for management of the primary occurrence of the
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Table 1. Summary data of patient demographics

Parameter Mean SD Range
Age (years) 29 8 15-42
Time from treatment until last 45 20 24-103

followup (months)
Parameter Number Percentage
Gender

Male 11 41

Female 17 59
Laterality

Right 10 37

Left 17 63
Involvement of dominant hand

Yes 12 44

No 15 56
Primary versus recurrent disease

Primary 18 67

Recurrent 9 33

disease, whereas nine presented with recurrent disease
initially treated by curettage and bone grafting (Table 1).

All patients underwent a preoperative workup including
the following: radiographs of the hand, wrist, forearm and
pelvis (to make sure whether it was suitable for bone graft
harvest); CT scans of the involved wrist and lung; and MRI
of the involved wrist. Tissue diagnosis was confirmed by
open or needle biopsy before resection and reconstruction.
No adjuvant medication or radiotherapy was used in any of
the patients.

The en bloc tumor resection for at least marginal margin
was performed through a dorsal approach and followed by
the application of autogenous nonvascularized ICBG and
an osteosynthesis plate (reconstruction plate) through the
same dorsal approach. A two-team approach was used for
simultaneous harvesting of contralateral ICBG at the time
of tumor resection with particular attention paid to pre-
venting cross-contamination. Among the study population,
the mean length of bony resection was 6 cm (£ 0.8). The
reconstruction was performed through a dorsal approach as
well. Fixation was achieved with compression plate fixa-
tion affixing from proximal to distal: the native radius, the
structural ICBG, the carpals, and the middle finger meta-
carpal (Fig. 1). Immobilization and weightbearing
restriction of the involved wrists with forearm splints were
performed postoperatively and until radiographic evidence
of union was noted. However, forearm rotation was not
restricted by forearm splints and permitted 4 weeks after
surgery.

All patients were followed up for a minimum of 24
months. None were lost to followup. Mean followup was

45 months (£ 20 months; range, 24—103 months). Post-
operative followup included clinical and radiographic
assessment and functional assessment performed by the
treating surgeon and his team. Patients were requested to
report back to the clinic for followup every 3 months
during the first year, 6 months at 2 to 5 years, and once a
year after 5 years. The standard radiographic followup
included AP and lateral plain radiographs of the wrist and
forearm to assess for bony union and tumor recurrence in
the bone and ultrasound scans to assess for soft tissue
recurrence. Bony union was diagnosed when radiographic
evidence of bony bridging was present with an absence of
concerning symptoms at the site of union. Otherwise,
delayed or no union was indicated when frank hardware
failure and pain at the junction site with no radiographic
evidence of bony union were found. Radiographs of the
chest (chest CT if necessary) were performed to detect
pulmonary metastases. We defined delayed union as no
radiographic evidence of union within 6 months and non-
union as failure to see evidence of union for more than 12
months after the operation. The functional assessment was
performed by the treating surgeon (XN, YL, FY, TW)
every followup after bone union and included (1) grip
strength measurement with a handgrip dynamometer and
comparison to the uninvolved side; (2) photographic doc-
umentation and measurement of the arc of active forearm
rotation; (3) functional scoring with Musculoskeletal
Tumor Society (MSTS) scores (1987 and 1993) [9, 10];
and (4) functional scoring with Disabilities of the Arm,
Shoulder and Hand (DASH) scores [15]. The functional
results were reported at the latest followup only.

Statistics

We evaluated the four functional outcome measures in
patient subgroups divided by a variety of independent
variables including gender, side affected by disease, hand
dominance, and whether they were treated for primary or
recurrent disease. Descriptive statistical analysis was per-
formed for the whole study group. Mann-Whitney U test
was used to compare the functional outcomes in patients
whose dominant extremity was the involved extremity
versus those in whom it was not and in patients managed
primarily versus for recurrent disease with significance set
at p < 0.05. Spearman’s correlation coefficient was cal-
culated to evaluate for a relationship between the length of
resection and reconstruction with the functional outcomes
and with the time required for union of the proximal
junction. Competing risk analysis by Gray’s test was per-
formed to estimate the rates of fusion of the proximal
junction by calculation of the competing incidence func-
tions of proximal junction union, hardware failure, and
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Fig. 1A-E A 25-year-old man had GCT in his distal radius on the
right side. It was demonstrated in AP and lateral radiographs of the
wrist (A), enhanced CT scan (B), and MRI (C) and defined as a
Campanacci Grade III GCT. Postoperative AP and lateral radio-
graphic images (D) of the forearm and wrist showed that autogenous

local recurrence. Significance was determined using a 95%
confidence level. All calculations were performed using
SPSS Version 22 (IBM Corp, New York, NY, USA) with
the exception of the competing risk analysis, which was
calculated using EZR; a statistical software package based
on R (Easy R, Version 2.13.0; Jichi Medical University,
Saitama, Japan) [12, 18].

Results
Union of the distal junction occurred at a mean of 4 months
(£ 2 months). Union of the proximal junction occurred at a

mean of 9 months (£ 5 months) (Table 2). In no patient did
union of the distal junction occur after union of the
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structural ICBG was used for reconstruction of the defect created by
resection of a distal radius involved by GCT of bone. Six months
later, a bony union occurred between ICBG and host bone
(metacarpal bone and radius shaft) as shown on AP and lateral
radiographs of the forearm and wrist (E).

Table 2. Summary data of clinical and functional outcomes

Mean SD Range

Parameter

Resection and reconstruction length (cm) 6 1 5-8

Time to proximal junction union (months) 9 4 3-18

Time to distal junction union (months) 4 2 3-12
Functional outcome

Forearm rotational arc (degrees) 113 49  0-160

Grip strength (percent uninvolved) 51 23 10-99

DASH 9 7 024

MSTS 1987 29 1 26-30

MSTS 1993 (%) 96 4  87-100

DASH = Disabilities of the Arm, Shoulder and Hand; MSTS =
Musculoskeletal Tumor Society.
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proximal junction. Delayed or nonunion of the proximal
junction occurred in six patients (21% [six of 29]) with all
undergoing reoperation. Delayed or nonunion of the distal
junction did not occur in any of the patients.

Local recurrence occurred in three patients (11% [three of
27]) at a mean of 14.3 months. All three of these patients
were managed at our institution for recurrent disease. No
recurrences were observed in patients treated initially by us
with resection and arthrodesis by this technique. One of the
three patients only had a recurrence in the soft tissue at 29
months after arthrodesis and accepted repeat tumor excision
with no recurrence at latest followup. The other two had
bony recurrences. One of these two patients recurred at 11
months after arthrodesis and accepted tumor resection and
reconstruction by ulnar centralization. Meanwhile, she
developed pulmonary metastases at 7 months and accepted
resection of lung lesion at 20 months. She ultimately died of
pulmonary metastases. Another one recurred at 3 months
and had repeat excision of the tumor with placement of a
cement spacer. Six months later, he developed another soft
tissue recurrence and accepted repeat excision with no
recurrence at latest followup. Three patients developed
pulmonary metastases. One of these three patients devel-
oped pulmonary metastases at 7 months as mentioned
previously. The other two patients developed pulmonary
metastases at 7 and 40 months from surgery and were still
alive with no thoracotomies to remove the pulmonary dis-
ease. All the three patients as well as all the other patients
included were not treated with any neoadjuvant medication
like chemotherapy, bisphosphonates, RANKL inhibitor, etc.

As a result of surgical complications, reoperations were
required in eight of 27 patients (30%). Four patients
experienced hardware failure before union of the proximal
junction and three underwent revision of hardware and
bone grafting of the site of nonunion with the last declining
further operations. One was found to have symptomatic
loose hardware but had achieved bony union so this patient
required hardware removal only. Two patients underwent
bone grafting (at 10 and 21 months postoperatively) for
delayed or nonunion without hardware failure. One patient
underwent revision surgery after sustaining a fracture
through the bone graft. No major complications were
encountered from the donor site. The cumulative incidence
functions of proximal junction union, recurrence, hardware
failure, and reoperation for symptomatic nonunion were
calculated and we found that at 12 months, the rate of
proximal junction union was 56% (95% confidence interval
[CI], 35%—72%), whereas it was 67% (95% CI, 45%—82%)
at 18 months (Fig. 2).

The functional outcomes of the study population were
favorable. The mean DASH score was 9 (£ 7) (value
range, 0—-100, with lower scores representing better func-
tion), and the mean MSTS 1987 scores were 29 (£ 1)
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Fig. 2 The figure shows cumulative incidence of union of the
proximal junction and competing events.

(value range, 0-30, with higher scores representing better
function) as well as 96% (4 4%) of mean MSTS 1993
score (value range, 0%—100%, with higher scores repre-
senting better function). The mean grip strength was 51%
(£ 23%) of the uninvolved side, whereas the mean arc of
forearm rotation was 113° (£ 49°). After controlling for
potentially relevant confounding variables, a variety of
independent variables including gender, side affected by
disease, hand dominance, and whether they were treated
for primary or recurrent disease was assessed. With the
numbers available, only hand dominance was found to be
associated with a significantly better DASH in the non-
dominant hand. The mean DASH was 12 (£ 8; range, 1-
24) in the dominant hand group and 6 (£ 8; range, 0-15) in
the nondominant hand group (p = 0.037). That means better
DASH scores and function in the nondominant hand than
those in the dominant hand. Also, recurrent disease was
associated with a poorer grip strength (mean grip strength
of 56% in patients managed for their first presentation
versus 39% in patients managed for recurrent disease, p =
0.034). No other variables or outcomes were better or
worse with the numbers available. We also evaluated the
correlation between resection length with time for proximal
union and with functional outcome measures and did not
find the length of bony resection and reconstruction to be
correlated with any of the functional outcome measures
with the numbers available (Table 3).

Discussion

A wide variety of reconstruction techniques after resection
of GCT of the distal radius have been described [8, 11, 21,
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Table 3. Summary of Mann-Whitney U test and Spearman’s correlation tests

Mann-Whitney U test of hand dominance against functional outcomes

Outcome measure Mean (£ SD) p value
Dominant hand involved (n = 12) Nondominant hand involved (n = 15)

Forearm rotational arc (degrees) 101 (£ 58) 123 (£ 39) 0.432
Grip strength (% of uninvolved side) 56 (£ 23) 46 (+ 24) 0.374
MSTS 1993 94% (£ 5%) 98% (£ 3%) 0.083
DASH 12 (£ 8) 6 (£ 4) 0.037
Mann-Whitney U test of hand dominance against functional outcomes

Outcome measure Mean (£ SD) p value

Primary (n = 18) Recurrent (n = 9)

Forearm rotational arc (degrees) 122 (£ 41) 96 (£ 61) 0.339
Grip strength (% of uninvolved side) 56 (£ 18) 39 (% 30) 0.034
MSTS 1993 97% (£ 4%) 94% (£ 3%) 0.095
DASH 8(x7) 10 (£ 6) 0.348

Spearman’s correlation of length of resection against outcomes/time to proximal junction union

Factor tested

Correlation coefficient

Forearm rotational arc
Grip strength

DASH

MSTS 1993

Time to proximal junction union

0.07
0.33
0.19
0.33
0.89

MSTS = Musculoskeletal Tumor Society; DASH = Disabilities of the Arm, Shoulder and Hand.

22, 25, 3640, 47, 48]. We began to use total wrist fusion
with nonvascularized, autogenous structural ICBG for this
indication because graft harvest is straightforward, the graft
is structurally robust, and we believed that the autogenous
graft source would result in consistent osseous union. We
also believed that total wrist fusion avoided issues of DRUJ
and wrist instability and the risk of developing joint
degeneration. However, the success of arthrodesis and the
functional outcomes with this approach, to our knowledge,
have only had limited reports in the literature [8]. Here, we
found that union occurred in all patients, but reoperations
were common; local recurrence was uncommon and lim-
ited to patients whose wrist arthrodesis was performed for
recurrent GCT (we saw no recurrences in patients whose
fusions were performed at the time of the initial GCT
resection). Functional results, including DASH and MSTS
scores, generally were good.

There were several limitations to our study. (1) It was
retrospective and with 34% of patients lost to followup
before 24 months, we had a relatively small group of
patients to assess. In China, although most of the patients
treated in our institution tended to come back for followup,
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some of them came back to their surgeon only when they
noted a complication or tumor relapse. Those who have no
complications or tumor relapse after bone union were not
willing to visit the clinic because they thought they had
been cured completely and it was unnecessary to do so.
Under these circumstances, most of our patients who were
lost to followup were event-free for 2 years or more. (2)
We did not compare these results with other reconstruction
techniques so we cannot claim that our results are better or
worse than other options listed in the introduction. (3) We
cannot comment on donor site morbidity because we did
not routinely ask patient specifically about the presence of
symptoms of common minor complications related to iliac
crest bone harvesting such as persistent donor site pain or
thigh numbness and only self-reported symptoms of com-
plications were recorded. (4) Lastly, we could not show
that there were other techniques or patient-derived factors
that affected functional results except for handedness pre-
sumably resulting from insufficient numbers of patients. It
should also be noted that the DASH assessment used was a
translation of the questionnaire, which had not be formally
validated. There is also the possibility of differences in
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cultural acceptance in expressing dissatisfaction in report-
ing disability or with coping with disability that might have
resulted in underreporting of disability by patients in our
study. This is beyond the scope of our study but might be
an area worthy of further study.

We found that we achieved union at both osteosynthesis
sites by 9 months in 67% of our patients (18 of 27). All
delayed or nonunions were in the proximal osteosynthesis
site and all required a second operation to achieve union.
Some of our complications might relate to using a recon-
struction plate, which was the only option available to use
during the time of this study. Since 2013 we have been
using a more substantial locking compression plate and we
hope that this will lead to fewer hardware-related compli-
cations. Considering the epiphyseal location of most GCT
of bone, the length of the involved bone resected is rela-
tively short compared with other bone tumors (such as
primary bone malignancy). As such the defects created are
particularly amenable to reconstruction with autogenous
structural ICBG. Some authors favor the use of vascular-
ized fibula grafts for the benefits of prompt bony union, the
option to include skin to address soft tissue defects, and
durability of the reconstruction [8, 25, 34]. On the other
hand, the use of nonvascularized fibular grafts has the
advantage of being less technically demanding. When
longer defects have to be reconstructed, the use of fibula
graft or allograft may offer an advantage over ICBG.
Harvesting of autogenous fibula is not without risk and
complications [26] including foot drop, painful neuromas,
ankle instability [28] and ankle valgus deformity [27]. The
use of nonvascularized ICBG for reconstruction of
postresection defects of the distal radius has several
advantages over some of the other techniques described.
The technique of harvesting the graft is straightforward and
familiar to orthopaedic and hand surgeons. The donor site
morbidity is acceptable and arguably lower than that from
harvesting of autogenous fibula. Furthermore, obtaining
additional cancellous graft from the iliac crest to augment
the wrist fusion site is convenient. ICBG harvesting is
associated with some complications [1, 24], including
meralgia paresthetica, persistent pain at the harvest site,
fracture [30], and hernia [48]. Attention to good technique
may minimize the risk of complications, and no donor site-
related major complications were reported by our study
population, but we did not specifically ask the patients
about this.

A total of 11% (three of 27) of our patients experienced
a local recurrence, which is comparable to that published in
other studies and analyzed in recent meta-analyses [23, 34].
In contrast, local recurrence after intralesional excision is
as high as 31% [23, 34]. In a series of 15 patients with
Grade III GCT of the distal radius, Kang et al. [19] used
limited intralesional excision and cementation for nine

patients with limited volar cortical involvement that was
contained by the overlying pronator quadratus; 22% of
them experienced recurrences.

Major complications occurred in 30% (eight of 27) of
our patients, including six patients who underwent reop-
eration for nonunion or symptomatic delayed union of the
proximal junction, one who developed hardware loosening,
and one who developed fracture of the graft. This is
comparable to other studies that have reported complica-
tions in 22% to 100% of their patients when resection was
the mode of treatment [8, 14, 40, 47]. The higher risk of
complications with wide resections as compared with
intralesional is a reason to consider intralesional treatment
when technically feasible, however, in Grade III disease
that is limited to select cases and is accompanied by a
higher likelihood of local recurrence. A particular caution
when using this technique (or any of the other techniques
using harvesting autogenous graft) is the known risk of
iatrogenic seeding of the bone graft donor site. The phe-
nomenon of direct seeding of GCT is well known [13, 17,
32], and the surgeon and his or her entire team should
accordingly pay special attention to preventing cross-con-
tamination. In this study, a two-team approach using
separate instruments was used to prevent cross-contami-
nation; in addition to this, the bone graft was harvested
from the contralateral iliac crest further separating the
surgical fields.

The restoration of the best possible function is the pri-
mary goal of any postresection reconstruction technique.
The functional scores of patients in our study were favor-
able, and this was similarly found in the study by Clarkson
et al. [8]. In that study, no difference was noted between
their groups that underwent reconstruction with ICBG and
vascularized fibula graft, and they hypothesized that this
may have been the result of the ceiling effect because both
groups faired favorably. In our study, functional scores
were similar in patients who were operated on their dom-
inant or nondominant hand and for patients presenting for
their first presentation or recurrent disease. This may
similarly reflect a ceiling effect with most patients report-
ing very favorable functional results. The sole exception
was DASH scores being higher (12 versus 6) in patients
who had their dominant hand involved. This is under-
standable because the reduction in strength and ROM in
their dominant hand likely adds more inconvenience in
their daily life than when the nondominant wrist is fused.

In conclusion, reconstruction of defects after resection
of aggressive GCT of the distal radius with autogenous
nonvascularized structural ICBG is a reconstruction option
that appears to achieve satisfactory local control and
favorable functional results. Although there are many
options for the surgeon to consider, this technique avoids
the need of a bone bank, is less technically challenging

@ Springer



774

Wang et al.

Clinical Orthopaedics and Related Research®

than techniques such as free fibular transfers, and compli-
cations appear comparable to those of other described
techniques [6, 11, 44, 47]. With only 66% of eligible
patients followed up for 2 years of more, our results do not
include potential complications or poor outcomes in
patients who did not return and may only represent the best
case scenario for this technique. So, the results in our study
are considered preliminary and we cannot claim superiority
of this reconstruction over other approaches. However, if
our findings are substantiated by larger studies that have
longer and more complete followup are completed, we
believe this technique is a more reasonable alternative for
the reconstruction of defect after tumor resection of GCT
of the distal radius.
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