
Introduction
Giant cell tumor of bones is an unusual neo-

plasm that accounts for 4% of all primary tu-
mors of bone. Usually, the age of patients’
ranges from 20 to 55 years, and the peak age in-

cidence is in the third decade of life, with slight
female predominance (1.2:1). It is a locally ag-
gressive tumor which involves the ends of long
bones in skeletally mature individuals in more
than 80% of cases, and 75% of them occur
around the knee joint. The tumor usually in-
volves the metaphysis and the epiphysis, but is
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Abstract
Background: Resection of the distal end of the radius is indicated in the treatment

of locally  aggressive primary benign and malignant bone tumors. The aim of this study
was to evaluate the technique of osteoarticular allograft reconstruction of the distal ra-
dius after wide excision of a giant-cell tumor.  

Methods: We analyzed 15 patients retrospectively who had reconstruction of the
distal aspect of the radius with use of an osteoarticular allograft, between 1981 and
2005 after excision of a giant-cell tumor with a minimum follow-up of 2 years (range:
26–125 months, median: 45 months).

Results: 15 consecutive patients with a Campanacci grade 3 giant-cell tumor of the
distal radius formed the study population. Three patients had a local recurrence at 8, 14
and 18 months. Non-union of the osteotomy line was diagnosed 6 months after surgery
in one case and needed bone grafting. Distal radio–ulnar joint instability was observed
in nine cases. Subchondral bone alterations and joint narrowing were present in all cas-
es but were painful in only one patient. Five patients needed a revision of the osteoartic-
ular allograft, at an average of 5.4 years (range: 0.8 to 12 years) after the initial recon-
struction. The reason for the revision was a fracture of the allograft in four patients and
recurrence of the tumor in one. Of the fifteen patients in whom the osteoarticular allo-
graft survived, five patients reported no functional limitation, eight had limitation in
the ability to perform strenuous activities, and two had limitation in the ability to per-
form moderate activities. The average range of motion of the wrist was 35 degrees of
dorsiflexion, 30 degrees of volar flexion, 10 degrees of radial deviation, 14 degrees of
ulnar deviation, 55 degrees of supination, and 70 degrees of pronation. 

Conclusion: Reconstruction of the distal aspect of the radius with use of an osteoar-
ticular allograft was associated with a low rate of recurrence of the tumor, a moderately
high rate of revision, and little pain in association with common activities, good func-
tion, and a moderate range of motion. 
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occasionally limited to the metaphysis, and in
only 2 per cent of the patients is it adjacent to an
open growth plate. The tumor on occasion in-
vades the articular space, also involving the lig-
aments and the synovial membrane. Extension
to an adjacent bone through the joint occurs in 5
per cent of the tumors.  Less frequently, giant
cell tumors occur in the vertebrae (2-5%) and in
the sacrum (10%) [1]. 

The distal aspect of the radius is a relatively
common site of skeletal neoplasm and is the
third most common location (after the distal as-
pect of the femur and the proximal aspect of the
tibia) of giant-cell tumors. Giant-cell tumors of
the distal aspect of the radius can exhibit ex-
traosseous extension at the time of initial pres-
entation, and there may be high rates of local re-
currence after intralesional procedures. Giant
cell tumor of bone remains a difficult and chal-
lenging management problem because there are
no absolute clinical, radiographic, or histologic
parameters that accurately predict the tendency
of any single lesion to recur or metastasize [2].

Enneking’s and Campanacci’s radiographic
classifications and surgical staging are helpful

in planning the initial surgical treatment, be-
cause they have observed that a number of the
active (Stage 2) lesions and most of the aggres-
sive (Stage 3) lesions have a higher incidence of
local recurrence when treated by curettage
alone [3](Fig. 1a).

Resection of the distal aspect of the radius
may be indicated for certain malignant lesions
and for recurrent or locally invasive benign le-
sions. Giant-cell tumors of the distal aspect of
the radius can exhibit extraosseous extension at
the time of initial presentation, and there may
be high rates of local recurrence after intrale-
sional procedures [4]. Reconstruction of the
wrist after excision of the distal aspect of the ra-
dius is a challenge because of the high function-
al demands on the hand, the young age and rela-
tively long life expectancy of many patients
who have a giant-cell tumor, the limited sur-
rounding soft tissue, and the proximity of adja-
cent nerves and tendons. Various procedures,
including resection arthroplasty, prosthetic re-
placement, and arthrodesis with use of a mas-
sive autogenous graft from the tibia or the iliac
crest, ulnar translocation, centralization of the

Osteoarticular allograft reconstruction...
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Fig. 1. Case 9 – (a) 44 year -old female with a stage 3 giant cell tumor of the left distal radius. (b) Reconstruction of the
resected segment with an osteoarticular allograft, fixed with a dorsal plate. 
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carpus over the remaining ulna, use of a non-
vascularized or vascularized fibular graft with
or without arthrodesis, and allograft replace-
ment, have been used for reconstruction [5,6].
The use of an osteoarticular allograft allows
more accurate size matching than a fibular graft,
which also results in more donor site morbidity.
Fibular harvesting is another reason to prefer
the allograft technique. Moreover, the use of an
allograft requires a shorter operation time and a
stable radio-carpal joint with a better functional
outcome [7]. Free vascularized fibular graft re-
construction should be reserved for children, in
whom a biological reconstruction simultane-
ously replaces the bone defect and prevents a
future upper-extremity length discrepancy [8,
9,10]. Joint degenerative changes, subchondral
fractures and instability are well-documented
problems of osteoarticular allograft, especially
in weight-bearing joint reconstructions, such as
distal femur. However, graft failures are also re-
ported in upper limb reconstructions [11]. The
aim of this study was to assess the clinical, radi-
ographical and overall functional results of a
group of 15 patients treated with osteoarticular
allografting of the distal radius after excision of
a giant-cell tumor with a long follow-up.   

Methods
From September 1981 to August 2005, 20 pa-

tients underwent a distal radius resection and
reconstruction with an osteoarticular allograft
after excision of a giant-cell tumor at our hospi-
tal. We analyzed 15 patients retrospectively
who had a minimum follow-up of 2 years
(range: 27–125 months, median: 45 months)
(Table 1). There were seven males and eight fe-
males, whose age ranged from 20 to 65 years
(mean 40 years).

All fifteen patients were evaluated preopera-
tively with appropriate studies, including radi-
ography, bone-scanning, and magnetic reso-
nance imaging. All patients who had a primary
lesion had a needle or incisional biopsy for di-
agnosis before the reconstruction. Patients
were considered candidates for the reconstruc-
tion if they had a primary giant cell tumor that
had extended through the cortex or articular
surface of the distal aspect of the radius or a re-
current giant cell tumor that was invasive. Ten
patients due to recurrent giant cell tumor were
candidates for the reconstruction and only five
of them were operated for the first time.

The osteoarticular distal radial allografts
were fresh frozen and obtained from our hospi-
tal bone bank. The organization, screening
measures, technology of procurement, cryo-
preservation, handling, and storage methods of
this tissue bank have been described previously
and are in accordance with the guidelines of the
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Table 1. Patients’ demographics.
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Shafa Yahyaian Hospital Tissue Bank [12].
Soft-tissue tendinous insertions and ligaments
were retained on the allograft. An appropriate
allograft was chosen for reconstruction with
use of radiographic size matching. At the time
of the reconstruction, the graft was thawed in
37-degree Ringer’s lactate and antibiotic solu-
tion.

The reconstruction was performed through a
dorsal approach to the wrist, with wide or mar-
ginal resection of the tumor by one surgeon.
The allograft was stabilized with internal fixa-
tion, usually a dorsoradial 4.5-millimeter dy-
namic-compression plate (Fig. 1b). The palmar
ligaments of the wrist and the triangular fibro-
cartilage complex were sutured to the corre-
sponding ligaments of the allograft. The wrist
joint was fixed with Kirschner wires, which
were removed after three to four weeks. The
limb was immobilized in an above-the-elbow
cast or splint for six to eight weeks and then mo-
tion of the wrist was started gradually.

All patients were followed for at least two
years (range: 26-25 months, median: 45 months).
The patients were assessed clinically and radi-
ographically for recurrence of the tumor, frac-
ture, non-union, infection, and other complica-
tions. They also were assessed for pain, the abil-
ity to perform specific activities, work restric-
tions, and range of motion. Clinical outcome
evaluated wrist motion (flexion and extension)
and deformity. Pain, functional activity and
emotional acceptance were assessed according
to the MSTS scoring system [13].

Results
The average age of the fifteen patients was 40

years (range: 20-65 years). Eight patients were
female and seven were male. Seven lesions in-
volved the right wrist and eight involved the left
wrist. Ten patients were initially seen because
of pain in the wrist or the distal aspect of the ra-
dius; one, because of a pathological fracture;
four, because of a mass in the wrist. Five giant-
cell tumors were primary lesions and ten were

recurrent. None of the patients had metastatic
disease, as seen on bone scans and radiographs
of the chest. All of the primary lesions were lo-
cally invasive and had extended through the
distal radial cortex or subchondral bone. Of the
patients who had a recurrent lesion, three had
previous intralesional curettage with use of
methylmethacrylate and seven, with bone
grafting.

Three patients had a local recurrence of the
tumor after the reconstruction. In one of these
patients, who had had a primary giant-cell tu-
mor, the lesion recurred 18 months after the re-
construction in the soft tissue and the small re-
currence was excised without functional conse-
quences. In two others, who had reconstruction
duo to recurrence of the tumor, the lesions re-
curred after eight and fourteen months. In one
of these patients, the reconstruction was con-
verted into a wrist arthrodesis because of exten-
sive radiocarpal joint involvement. Five pa-
tients needed a revision of the osteoarticular al-
lograft. The reason for the revision included
fracture in four patients (Fig. 2) and recurrence
of the tumor in one. Primary fusion of the graft
was achieved in 14 patients. The average time
of union was 3.5 months (range: 2.5-6 months).
Non-union of the osteotomy line in one patient
was diagnosed 6 months after surgery and
needed a bone graft, which achieved an excel-
lent fusion after a few months.

Of the fifteen patients who had a surviving
osteoarticular allograft, two patients were lim-
ited in their ability to perform moderate activi-
ties, eight were limited in their ability to per-
form strenuous activities, and five had no limi-
tation. The average range of motion of the wrist
(and standard deviation) was 35 ± 14.5 degrees
(range: 15-70 degrees) of dorsiflexion, 19 ± 14
degrees (range: -5-55 degrees) of volar flexion,
15 ± 15 degrees (range: 5-30 degrees) of radial
deviation, 14 ± 7 degrees (range: 5-35 degrees)
of ulnar deviation, 60 ± 21 degrees (range: 15-
90 degrees) of supination, and 70 ±16.0 degrees
(range: 45-90 degrees) of pronation. 

Osteoarticular allograft reconstruction...
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Radiographs showed narrowing of the joint
space in all patients, ulnocarpal impaction in
thirteen, carpal subluxation in six, formation of
osteophytes and subchondral sclerosis in eight,
and widening of the distal radioulnar joint in
nine.

Discussion
The distal radius is an uncommon site for be-

nign tumors but it is the third most common site
of occurrence of giant cell tumors [1,2]. Corti-
cal breakthrough or pathologic fracture is often
present with extra compartmental tumor exten-
sion. In these cases, curettage of the lesion is not
feasible because of the lack of residual bone
stock and radio–carpal joint disruption. Fur-
thermore, a high incidence of recurrences is re-
ported. Therefore, resection is the treatment of
choice in these cases [4,6,14]. The oncological
goal is the prevention of local recurrence with
adequate resection. Thus, when the architecture
of the distal aspect of the radius has been pre-
served, intralesional curettage is the procedure
of choice for primary benign lesions, and many
believe that recurrent benign lesions should be
treated with repeat curettage. However, when a

lesion is malignant or an extra-compartmental
benign lesion extends through the radial cortex
or subchondral bone and the residual bone
stock is poor, reconstruction of the distal aspect
of the radius with use of an osteoarticular allo-
graft permits wide or marginal resection and a
lower rate of local recurrence [15].

Recurrence rates of giant cell tumors are
higher in the distal radius than at other long-
bone sites. This is probably due to the anatomi-
cal structure of the distal radius [2, 4].  The rate
of local recurrence in the current series was low
(only three of fifteen patients), but it is four
times more than Mankin’s or Bianchi’s study.
The reason may be that the rate of recurrent pa-
tients in our study who became candidates for
reconstruction comprised 70% of the study
population and patients who had had a primary
giant-cell tumor comprised only 30% of our
cases. The overall rate of recurrence of giant-
cell tumors was 20 per cent (three of fifteen).
This rate is considerably lower than that report-
ed after intralesional procedures involving the
distal aspect of the radius. Similarly, Sheth et al.
found no local recurrence in ten patients in
whom a giant-cell tumor of the distal aspect of
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Fig. 2. Case7- 65-year-old male with a stage 3 giant cell tumor of the right distal radius, (a) allograft fracture and joint 
dislocation. (b) Exchanging the osteoarticular allograft and  wrist fixation with pins.
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the radius had been excised en bloc compared
with five recurrences in eighteen patients in
whom a similar lesion had been treated with in-
tralesional curettage and cryosurgery. Bianchi
used three different approaches, depending on
tumor expansion, and found that a lateral or
volar approach offers the best exposure in terms
of ease of management of the neurovascular
bundle, the distal radius and the radio–carpal
and radio–ulnar joints [7,16,17,18]. In addition,
most of the soft tissue component of tumors
was in the volar side in our series (Fig. 3). We
performed resection and reconstruction only
through a dorsal approach. After osteotomy and
elevation of the proximal segment, the soft tis-
sue component was excised without any prob-
lem.

Kocher et al reported a high complication
rate following osteoarticular allograft recon-
struction of the distal radius. Complications in-
cluded non-union and delayed union, fracture
of the graft, subluxation of the wrist, and donor-
site morbidity. Kocher et al reported seven
grafts out of 24 were converted into an arthr-
odesis because of four graft fractures, two prob-
lems of persistent pain and one case of volar
dislocation [19]. In our series, graft fracture oc-
curred in four cases (26.6%). This is similar to
Mankin’s study. The fracture occurred in all of
the cases in the metaphyseal area at least six
months after reconstruction. These fractures
happened with low energy trauma. Mild dorsal
ulnar subluxation is quite frequent and occurred
in 62% of our cases, but we consider it only a
minor cosmetic problem. It did not influence
wrist motion and pain and with careful recon-
struction of capsule and ligaments this problem
can be avoided. Articular degenerative changes
of cartilage and subchondral bone occurred in
all of our patients, predominantly on the radial
side, just like Donati’s study.

There is no doubt that a painless, stable and
functional osteoarticular graft of the wrist is
preferable to an arthrodesis. A matched radial
allograft corresponds better to the geometry of

the resected segment than any other graft and
should result in a better functional outcome [19,
20].  Flexion and extension of the patients in our
series is better than previously reported by
Maruthainar et al. following reconstruction
with an autologous fibular graft [21] and simi-
lar to Bianchi’s study [7]. Enough metaphyseal
and subchondral bone must remain after   curet-
tage to permit packing with cement. The use of
cement as a packing material is difficult when
less than 50 per cent of the circumference of the
bone remains or when there is large or multiple
defects in the cortical or subchondral bone [2].
Funderburk’s study suggests that the risk of lo-
cal tumor recurrence after curettage and recon-
struction with autogenous bone graft or cement
is similar [5]. The local recurrence rate after
wide resection and osteoarticular allograft re-
construction in our study was about 20% that
was two times less than Funderburk’s study but
there was no difference in functional outcome.

Reconstruction of the distal aspect of the ra-
dius with use of an osteoarticular allograft was
associated with a low rate of recurrence of the

Osteoarticular allograft reconstruction...
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Fig. 3. Case9 - MRI of distal radius: Note the soft tissue
component in the volar side
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giant cell tumor, a moderately high rate of revi-
sion, and little pain in association with common
activities, good function, and a moderate range
of motion. Mechanical failure of the recon-
struction is rare. Painless degenerative changes
occur in all of these grafts but range of motion is
usually well preserved. Osteoarticular allo-
grafts are an option for reconstruction of the
distal aspect of the radius after excision of giant
cell tumors.
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