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Background: Reconstruction after en-bloc resection can be challenging in cases of Campanacci grade 3 giant cell tumour of the
bone (GCTB) of the distal radius. Here, the authors examined the outcomes of patients with Campanacci grade 3GCTBs of the distal
radius who underwent wrist arthrodesis and reconstruction with ulnar translocation.
Material and methods: This case series was a retrospective single-centre study. Clinical assessments regarding the functional
status and complications were follow-up. The functional results were evaluated using theMusculoskeletal Tumor Society (MSTS) and
Disability of Arm, Shoulder, and Hand (DASH) Score. Paired t-tests were used to compare the MSTS and DASH scores separately
before and after the operation. Statistical differences were considered significant at P less than 0.05.
Results: Seven patients were included in this study. The mean follow-up period was 14.43± 8.08 months. The average length of
tumour resection was 9.78± 2.88 cm. The average range of motion of the involved forearm was 82.66° of supination and 81.54° of
pronation. The average MSTS score was 11.71± 2.21 before and 25.14±2.41 after the operation (P<0.05). The average DASH
score on admission was 40.14±14.66, which decreased to 9.02± 4.23 after the operation (P<0.05). Of the seven cases, one case
had a recurrence, and one patient had radioulnar synostosis.
Conclusion: Wrist arthrodesis combined with ulnar translocation can be considered a simple and effective reconstruction method
with preservation of function after en-bloc resection of Campanacci grade 3 GCTB of the distal radius. It provides good functional
outcomes with low complication rates.
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Introduction

Giant cell tumour of the bone (GCTB) accounts for 4–10% of all
primary bone tumours and comprises roughly 20% of all benign
bone lesions. GCT usually occurs at the epimetaphyseal region of

long bones (75–90%), and 10–12% occurs at the distal radius.
The distal radius is the third most common site for GCT of the
bone, after the distal femur and proximal tibia[1,2].

The main goals of treating distal radial GCTB are to achieve
complete tumour removal, retain as much limb function as pos-
sible and reduce the chance of local recurrence. Modalities of
surgery for treating GCT of the bone range from simple intrale-
sional excision and augmentation of the defect with bone cement
to en-bloc resection for the large and extensive tumour with the
destruction of the cortex[3–5]. Campanacci grade 3 GCTB involve
the adjacent soft tissues following a breach in the cortex. High
recurrence rates are observed with an intralesional excision and
bone grafting for Campanacci grade 3 lesions. Intralesional
excision or curettage has a five-fold rate of recurrence than
en-bloc resection and is typically not an option for GCTB
involving a break in the cortex[6]. Although wide resection may
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decrease the recurrence rate of GCTB to 16%, it may cause
functional impairment postoperatively due to bone defects. Thus,
subsequent reconstruction techniques must be prescribed to
maximize the functional outcome and increase the quality of life
after the operation. Seradge was the first to describe using an
ulnar translocation along with its soft tissues as a substitution for
the resected distal end of the radius GCTB[1,4,7–9].

The current study aims to investigate the results of Campanacci
grade 3 GCTB of the distal radius treated by wide resection and
reconstruction using the ulna translocation and wrist arthrodesis.

Material and methods

The present study is a single-centre case series study. We retro-
scpectively reviewed patients with Campanacci grade 3 GCTB
involving the distal radius operated by en-bloc resection of the
tumour followed by reconstruction of the gap with translocation
of the ipsilateral ulna and arthrodesis of the wrist from medical
records and musculoskeletal oncology registries from January
2020 to June 2022. Informed consent was obtained before
treatments for all the patients. The study was authorized by the
medical ethics committee of our institute and conducted in
accordance with the Declaration of Helsinki’s ethical standards.

All surgeries were performed by two orthopaedics oncology
surgeons and one orthopaedic hand microsurgery surgeon.
Prior to surgery, all the preoperative evaluations and prepara-
tions were carried out in accordance with the standard protocol
and optimized accordingly.

Confirmation of diagnosis was by core needle biopsy in all the
cases. Evidence of radiographic characteristics of GCT on
roentgenogram, MRI, and histological confirmation by biopsy
was required for inclusion (Fig. 1). MRI of the wrist was utilized
to assess the extent of the lesion, extraosseous part and its rela-
tionship to the neurovascular bundle, as well as to determine the
amount of bone resection. The patients included in the research
were first treated at our institution.

The GCTB of the distal radius and the biopsy scar and pro-
nator quadratus were removed using a dorsal technique. The level
of radial bone excision was determined based on MRI results,
with 2 cm of normal radius bone designated as a safety margin.
The resected radius is submitted for histopathologic evaluation to
confirm sufficient margins and the pathologic diagnosis.
The bone defect ranged from 6 to 15 cm (mean 9.8 cm). The distal
end of the ulna was exposed before being cut along with the tri-
angular fibrocartilage complex and the ulna styloid. A compar-
able defect is developed in the scapholunate interval in the

Figure 1. (A) Representative clinical photograph of the forearm of a 21-year-old woman with a lump in her right wrist. (B) X-ray of the forearm and wrist ante-
roposterior and lateral views revealing an osteolytic lesion with typical expansile features and destruction of the cortex and the distal right radius (grade 3
Campanacci). (C, D) The T2-weighted MRI of the wrist shows cortical breach and soft tissue involvement by the tumour. Microscopic images for histological
sample, magnified at 40 µm (E) and 100 µm (F), showed the presence of osteoclast-like giant cells (indicated by a black arrow) that seem dispersed between
numerous mononuclear cells, which served as confirmation of the diagnosis of a GCTB. giant cell tumour of the bone.
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scaphoid and lunate bone. Confirming the requisite length of the
ulna shaft in accordance with the defect created after tumour
resection, the ulna shaft is exposed with an intact muscle cuff at
the level where the radius was cut. To conserve asmuch soft tissue
attachment as feasible, the dissection of the ulna shaft is per-
formed on just the soft tissue required to conduct the ulnar
osteotomy. With an oscillating saw, the surgeon performs a
transverse ulnar diaphyseal osteotomy.While maintaining all soft
tissue attachments, the ulna is translocated to align with the
radius and the third metacarpal and then internally fixed to the
proximal fragment of the radius with a plate and screws. The
forearm is in mid-prone posture during wrist arthrodesis. Full
pronation and supination are evaluated before final fixation
(Fig. 2). The limb was placed above the elbow slab for 6–8 weeks,
followed by a detachable wrist splint until radiological evidence
of union (Fig. 3). Graded postoperative physiotherapy (finger
movements, hand ball therapy, forearm pronation/supination)
programs were guided by the clinical and radiological findings.
All the operations were performed at the university hospital of
tertiary care within the time span of 2.5 years.

Clinical assessments regarding the functional status and com-
plications were performed at regular intervals of 3–6months. The
grip strength was compared to the opposite hand by the
dynamometer. The functional results were evaluated using
the Musculoskeletal Tumor Society (MSTS) scoring system and
Disability of Arm, Shoulder, and Hand (DASH) score[10–13].

The 1993 MSTS scoring system[14], completed by a member of
the treating physician, was established to assess the functional
result and quality of life following therapy for musculoskeletal
tumours. This method was developed primarily to determine the
function of a single limb. The MSTS scoring system for Upper
Extremity is based on examining factors pertinent to the patient
as a whole and those specific to the upper limb. It includes six
categories: pain, function, emotional tolerance, hand positioning,
manual dexterity, and lifting capacity. Each category was
assigned a point value between 0 and 5, and the final score was a
cumulative total with a maximum of 30 points. The DASH score
is a self-administered questionnaire with 30 items linked to
functional activities and symptoms in everyday activities (ADL).
The patient is asked to score between 1 and 5 for each of the 30
things. Scores increase as impairment increases. The DASH has
been widely studied regarding its reliability, repeatability, inter-
nal consistency, validity, and degree of clinical practice
adoption[15–18]. It has been utilized for shoulder, hand, elbow,
and wrist issues. Regardless of diagnosis, the DASH is recognized
as an effective method for evaluating patients in general upper
limb surgery. Statistics work was done with SPSS Statistics 22.0
(IBM, America). Paired t-tests were used to compare the MSTS
and DASH scores separately before and after the operation.
Statistical differences were considered significant at P less
than 0.05.

Figure 2. Schematic drawing of ulna translocation reconstruction. (A) En-bloc resection of the distal radius. (B) Osteotomy of the proximal and distal ipsilateral ulna.
(C) Translocation of the osteotomized ulna onto the radius bone. (D)Wrist arthrodesis using plate and screws. (E) Illustration of supination and pronationmovements
of the forearm after internal fixation is performed.
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The study was reported according to the PROCESS 2020
criteria[19]. The study was registered in open access database
(UIN: researchregistry8772).

Result

The mean age of four male and three female patients included in
the study was 25.43 ± 8.40 years (with a range of 19–43 years
old). All the patients were classified as stage 3 according to the
Campanacci staging. The side affected was left in four cases and
right in three cases. During this study, the mean follow-up period

was 14.43 ± 8.08 months (with a range of 6–26 months), and the
average length of tumour resection was 9.78 ± 2.88 cm. The
average range of motion of the involved forearm was 82.66° of
supination and 81.54° of pronation. They preserved an average
of 95.93%of the contralateral forearm pronation and 97.24%of
the contralateral forearm supination range of motion. Grip
strength compared to the contralateral hand was found to be
34.7–75.2% (mean 55.38%). As shown in Table 1, the MSTS
scores increased after the operation compared to the preoperative
status. The average MSTS score was 11.71 ± 2.21 before and
25.14 ± 2.41 after the operation (P<0.05). The average DASH

Figure 3. Excision of GCTB of distal radius followed by subsequent reconstruction with translocation of the ulna and wrist arthrodesis. (A, B) The tumour is excised
along with the pronator quadratus muscle enveloping the tumour in the distal radius. (C) osteotomy was performed at the ipsilateral ulna and then translocated in
alignment proximally with the radial stump, then distally with the scapholunate aligned with the 3rd metacarpal. Fixation is achieved with a plate and screws. (D) Early
postoperative imaging after reconstruction (E) Postoperative imaging took six months after reconstruction. GCTB, giant cell tumour of the bone.

Figure 4.Representative postoperative clinical findings of 2 patients with 26months and 14months of follow-up showed excelent pronation, supination, and ability
to perform daily activities. The first patient (26 months of follow-up). (A, B) Pronation and supination. (C) Eating. (D) Drinking. (E) Buttoning. (F) Riding motorcycle.
Second Patient (14 months of follow-up). (G, H) Pronation and supination. (I) Exert force on a heavy door. (J) Drinking. (K) Buttoning. (L) Riding motorcycle.
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score on admission was 40.14 ± 14.66, which decreased to
9.02 ± 4.23 after the operation (P<0.05). Both scores revealed
outstanding functional outcomes postoperatively (Table 1,
Fig. 4). The tumour recurrence in one patient was found
18 months after surgery. There were no infections in all patients.
However, one patient experienced issues from radioulnar
synostosis (Fig. 5).

Discussion

Studies have shown that it is possible to remove the tumour while
keeping wrist and hand function when treating Campanacci
grade 3 GCTB of the distal radius[20]. However, intralesional
excision through curettage is linked to a high recurrence rate[6].
Wide tumour removal is, therefore, necessary for Campanacci
grade 3GCTB[1,21].When removing the tumour and repairing the
bone defect in Campanacci grade 3 of the GCTB distal radius,
keeping the limb’s functionality as good as feasible is essential.
Historically, various methods have been developed for managing
bone defects after the wide excision of GCTB at the distal radius.
These methods include prostheses, allografts, and both vascu-
larized and non-vascularized autografts, with the option of either
wrist arthrodesis or preserving wrist motion[1,7,22]. The choice of
a reconstruction technique is also influenced by the surgeon’s
experience, the accessibility of medical equipment, the length of

time needed to perform the procedure, any potential complica-
tions, and the patient’s expectations.

Simple techniques such as wrist arthrodesis with translocation
of the ulna can be performed with limited medical instruments
and short operating time, resulting in a painless and stable fore-
arm with preservation of pronation and supination in the fore-
arm. Our study demonstrated that wide resection of the tumour
preserved pronosupination movements in all our patients. Due to
the ulna acting as a vascularized graft to fill the defect following
resection, the length of the radius resection is not limited[23].
The surgeon might increase the length of the resected radius
segment to ensure a margin free of tumour.

By transferring the carpus centring over the ulna after the
tumour was removed, a different alternative to the reconstructive
method—ulnar centralization—was reported by Murphy
et al.[24] However, this procedure resulted in a loss of forearm
rotations[4,24,25]. In contrast to ulnar centralization, ulnar trans-
location has the advantage of retaining some of the pronosupi-
nation movements of the forearm. Hence, Bhan et al.[23], in their
study evaluating the functional outcome with a similar technique,
reported that 80% of the patients had an excellent outcome. Our
study had a comparable outstanding outcome, demonstrated by
an elevated MSTS score, a lowered DASH score, and a statisti-
cally significant difference between these functional scores before
and after surgery. The author searched for comparable studies
and discovered that several studies from 1982 to 2017 showed

Figure 5. Patient with radioulnar synostosis complication 5 months after reconstruction. The synostosis was released. The postoperative functional outcome
shows a satisfying result. (A) A 5-month follow-up X-ray showed a radioulnar synostosis. (B) Postoperative X-ray after the release of radioulnar synostosis. (C, D
Pronation and supination. (E) Overhead lifting. (F) Opening a tight water bottle. (G) Back scratching. (H) Buttoning of shirt.
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similar findings to those of our study (Table 2). From those
studies, we can conclude that ulnar translocation is an alternative
reconstruction method for Campanacci Grade 3 GCTB of distal
radius after wide resection[2,4,26–28].

Ulnar translocation does not disrupt muscular attachments to
the ulna, conserving its blood supply as in vascularized grafts,
thus simplifying the operation by eliminating the need for the
complex microvascular procedure. Preserving blood supply
helps create a favourable biologic environment for healing, thus
promoting union at the fusion site. During our surgical proce-
dures, we tried to avoid excessive removal of soft tissue while
preparing the ulna to prevent nonunion. We observed no non-
union-related problems in all patients during our recent follow-
up[6,21,25].

In our study, we evaluated the grip strength of our participants
using a handheld dynamometer. The results showed that in five
patients, the remaining grip strength on the affected side ranged
from 34.7 to 75.2% compared with the contralateral side. We
showed from our study that the longer the follow-up time, the
better the postoperative grip strength the patient will have.
Another study conducted in 2018 by Vyas et al.[27] with 20
participants and a mean follow-up time of 3.9 years found that
the average grip strength was reduced by 70% compared with
the normal counterpart, consistent with our finding. Our sub-
jects could still carry out their daily activities despite the dimin-
ished grip strength.

We found two local problems following the surgery during
our study. A GCT recurrence in one patient was observed
18 months following the procedure. This local tumour recur-
rence is not considered as a consequence of the reconstruction
strategy[7]. The incidence of local recurrence was 15%, con-
sistent with descriptions of Campanacci grade 3 GCTB of the
distal radius found in the literature[29]. Fivemonths following the
initial operation, radioulnar synostosis appeared in another
patient. This patient experienced limited pronosupination
movements but reported no pain at the follow-up visit. At the
most recent follow-up, the patient demonstrated good functional
improvement after releasing the radioulnar synostosis. To avoid
radioulnar synostosis and maintain forearm pronation and
supination movements, care was given to make sure that the
periosteal sleeve had been completely separated around the ulna
at the level of the proximal osteotomy before transposing the
ulna[7].

This study has some limitations. Firstly, this is a retrospective
study with a limited number of patients, especially those with
Campanacci III classification, due to the rarity of GCT of the
bone at the distal radius. Second, the evaluation of theMSTS and
DASH score results was deemed to be subjective. Finally, the
follow-up period was not equal for all individuals.

Conclusion

Wrist arthrodesis combined with ulnar translocation can be
considered a simple and effective reconstruction method with
preservation of function after wide resection of Campanacci
grade 3 GCTB of the distal radius. It provides good functional
rotation of the forearm with low complication rates. We still
need to evaluate with a cohort study based upon prospective data
with larger sample size.
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