
Abstract. Background: Recent progress in the chemotherapy
and surgical procedures for osteosarcoma have enabled the
preservation of limb function even when cancer occurs in the
distal radius, a rare primary site of osteosarcoma. Case
Report: We describe a case of osteosarcoma that occurred in
an 18-year-old, male Kyudo (Japanese archery) archer’s left
distal radius. Since the patient desired to resume Kyudo and
the left hand was quite important for gripping a bow, we chose
partial wrist arthrodesis (fibulo-scapho-lunate arthrodesis)
with free vascularized fibular grafting (FVFG) as the
reconstruction procedure following wide resection. After the
wide resection, the major axis of bone defect was 8 cm. We

harvested a free vascularized fibular graft with fascio-
cutaneous flap with wide fascia to reconstruct the gliding
surface of the extensor tendon. Fibula-proximal radius and
fibulo-scapho-lunate fixation was performed by locking plates
individually. Vascular anastomosis was performed between the
radial artery and peroneal artery in a flow-through manner.
Two peroneal veins were anastomosed with the radial vein and
cephalic vein. Conclusion: Fibulo-scapho-lunate arthrodesis
with FVFG may provide satisfied stability and function even
in a Kyudo archer. The patient obtained sufficient wrist
stability and grip strength, and could resume Kyudo.

As the result of the recent progress in the multidisciplinary
treatment of osteosarcoma, the 5-year disease-free survival
rate is expected to be around 70% in cases with localized
disease (1), and success rate of limb-sparing surgery reaches
>90% (2), which leads to an improved quality of life (QOL)
of patients with osteosarcoma (3). 
Although osteosarcoma of the distal radius is rare and

accounts for only 0.8% (4), the loss of wrist function caused
by wide resection leads to a lower QOL. Therefore, the
functional reconstruction of the wrist joint, including the
forearm rotation and joint stability, as well as finger motion
should be considered. Concerning the reconstruction of the
bone defect, free vascularized fibular grafting (FVFG) is a
superior procedure compared to simple bone grafting, because
it can reconstruct the skin and soft tissue including the gliding
floor of the extensor tendons of the hand, as well as the bone
defect. The transplantation of living subcutaneous tissue
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reduces the adhesion of the tendons, and allows good function
of the extensor and flexor tendons of the hand. 
Concerning the reconstruction of the wrist joint function,

three types of joint reconstructions are available: total wrist
fusion, partial wrist fusion, and fibula head grafting
arthroplasty (5-9). Among these options, total wrist fusion
sacrifices the range of motion, and fibular head grafting causes
instability of the wrist joint. Conversely, reconstruction with
partial wrist fusion has the potential to preserve the range of
motion and achieve stability of the wrist joint. 
We report a case of osteosarcoma of the left distal radius

that occurred in a young athlete of Kyudo, Japanese archery.
Since he ambitioned to continue Kyudo, we performed fibulo-
scapho-lunate arthrodesis with FVFG after wide resection for
reconstruction of his left wrist, which is the key joint for the
grip of Japanese bow, to satisfy delicate movements of
grasping and handling. Informed consent for the publication
of this case report was obtained from the patient.

Case Report

The patient was an 18-year-old male and a member of a
university Kyudo team. He was diagnosed with a
conventional osteosarcoma of the left distal radius (Figure
1A and B) without distant metastasis (Enneking stage IIB).
After five courses of neoadjuvant chemotherapy with
cisplatin (CDDP) and doxorubicin (DXR), surgery was
performed. The distal radius was widely resected up to 8 cm
proximal, including the articular surface and the gliding floor
of the extensor tendon (Figure 2A, B and C). To reconstruct
the gliding floor of the extensor tendon, we harvested an
ipsilateral FVFG with the large adipo-fascial flap with wide
fascia beforehand. At first, the cut surfaces of the distal end
of the radius and the proximal end of the fibular graft were
fixed with an LCP small plate (Depuy Synthes, West Chester,
PA, USA). Thereafter, fibulo-scapho-lunate arthrodesis was
performed; the proximal cartilage surface of the scaphoid
and lunate were decorticated, and the scaphoid and lunate
were fixed with the distal cut surface of the fibular graft
using a VA LCP Two Column Volar Distal Radius plate
(Depuy Synthes). For reconstructing the gliding floor of the
extensor tendon, the dorsal plate of the distal radius was
covered with adipofascial tissue attached with the FVFG
(Figure 3A and B). The peroneal artery was anastomosed to
the radial artery in a flow-through fashion. Two peroneal
veins were anastomosed in an end-to-end fashion with the
radial vein and cephalic vein (Figure 4). The radius and ulna
were temporarily fixed with a kirschner wire for 8 weeks
(Figure 5A and B).
As a post-surgical treatment, adjuvant chemotherapy with

high-dose methotrexate (MTX), DXR, and CDDP was
started 2 weeks after the operation. Finger and wrist motion
exercises including tendon gliding exercises started 1 week

after the surgery. The outrigger splint was used to extend the
metacarpophalangeal (MP) joints passively from 2 to 8
weeks postoperatively. Forearm supination and pronation
exercises were started after the kirschner wire removal,
which fixed the radius and ulna temporarily. Weight bearing
was allowed gradually 14 weeks postoperatively.
Complete bone union was confirmed by computed

tomography (CT) at 5 months postoperatively. Ten months
after the surgery, the patient finished all the postoperative
treatment and could resume Kyudo. The patient’s wrist pain
was relieved, and an appropriate fibulo-ulnar gap was observed
at the X-ray 16 months postoperatively (Figure 6A and B). At
the final follow up, 44 months postoperatively, no local
recurrence or distant metastasis were observed. The range of
motion of the left wrist joint was 40 degrees extension, 20
degrees flexion, 45 degrees pronation, and 90 degrees
supination (Figure 7). Grip strength was 31.7 kg, which was
91% of that of the healthy side. Hand 20 score (10) was 2.5
points, PRWE-J (patient-rated wrist evaluation questionnaire
the Japanese version) score (11, 12) was 8 points, DASH-JSSH
(the Japanese version of the disabilities of the arm, shoulder
and hand questionnaire) disability/symptom score (13) was 5.8
points, and sports/music score was 0 points. This result
indicated that the patient had no difficulty in performing in
Kyudo competitions.
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Figure 1. X-ray showing the osteosarcoma of the left distal radius (A,
anteroposterior view; B, lateral view) with extraosseous extension
(yellow arrows).



Discussion

FVFG is quite useful for the reconstruction of huge tissue
defects after the wide resection of malignant bone tumors of
the forearm, because it allows reconstruction of skin and soft
tissue defects as well as bone defects concurrently. When the
distal radius is resected, reconstruction with FVFG often

involves either a fibular head graft to preserve the range of
motion of the wrist joint or a total wrist fusion to emphasize
stability of the wrist joint (5, 6, 8). The fibular head graft can
preserve the range of motion of the wrist joint, but it cannot
reconstruct the ligamentous mechanism and thus, cannot
provide stability to withstand loads. In addition, the articular
surface of the fibula head might collapse in terms of blood
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Figure 2. Intra-surgical image (A, Dorsal side; B, Palmer side) of the
distal radial tumor (yellow arrows), which was widely resected (C, the
resected osteosarcoma of the distal radius).

Figure 3. Repairing the extensor tendon gliding surface. The dorsal
plate of the distal radius is covered with adipo-fascial tissue (yellow
arrows) and attached to the FVFG [A) before coverage with adipo-
fascial tissue; B) after coverage with adipo-fascial tissue].

Figure 4. Vascular anastomosis. The peroneal artery is anastomosed to
the radial artery in a flow-through fashion (black arrows). The peroneal
vein was anastomosed in an end-to-end fashion with the accompanying
vein of the radial artery and cephalic vein (yellow arrows).



flow. The partial wrist joint fixation with FVFG has been
reported to have excellent clinical results by preserving both
the stability and range of motion of the wrist joint (5, 7).
In the present case, the patient was eager to resume Kyudo

after the surgery. Thus, we chose partial wrist arthrodesis
with FVFG to preserve the range of motion of the wrist joint
and fingers as well as the stability of the wrist joint; all of
those were quite important for Kyudo. As a result, although
palmar flexion of the wrist was inadequate, sufficient
extension ability of the left wrist made it possible to preserve
sufficient grip strength for Kyudo. Moreover, the preserved
range of motion of the wrist enabled fine adjustment of the
angle of bow while grasping the bow, and the wrist joint
function was well preserved for Kyudo (Figure 8A). The left
wrist joint of the Kyudo archer grasping the bow is subjected
to the same resilience force as that of squeezing the bow

when drawing. His wrist had enough stability to draw his
Japanese bow, 14 kg of tension weight (Figure 8B). 
There are some technical difficulties in our procedure

including, the determination of the fixation angle of the wrist
joint and to keep appropriate wrist angle and wrist deviation of
the axis, the fixation method of the grafted fibula, and the
proximal carpal row. The fixation angle of the wrist joint was
planned to be 20 degrees of dorsiflexion in order to prioritize
grip strength. The distal radio-ulnar ligament and interosseous
membrane, including the distal oblique bundle that stabilize the
distal radio-ulnar joint (DRUJ) had already been resected,
making it very difficult to determine the optimal location of the
graft bone that would not interfere with the rotation of the
forearm. The ulnar head was preserved for the index of the
forearm axis. It was necessary to find the best position to fix the
graft without dislocation of the ulna head. It required accurate
alignment and a temporary fixation both proximal and distal to
the grafted bone. Temporarily, wrist pain occurred at the DRUJ
area due to slight interference between the ulnar head and graft
bone during rotation postoperatively. Since the bone remodeling
of grafted fibula produced an appropriate gap between the ulnar
head and grafted fibula up to 16 months postoperatively, the pain
around the fibular-ulnar area was relieved (Figure 6A and B).
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Figure 5. Postoperative forearm X-ray [A) antero-posterior view; B)
lateral view].

Figure 6. X-ray of the distal radius at 16 months postoperatively [A)
antero-posterior view; B) lateral view]. An appropriate gap is created
between the ulnar head and grafted fibula (yellow arrow).
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Figure 7. Range of motion of the wrist at 44 months postoperatively. Wrist extension (upper left), wrist extension (lower left), forearm pronation
(upper right), and forearm supination (lower right).

Figure 8. The specific grasp form of Kyudo (A). The reconstructed wrist has adequate stability to draw the Japanese bow (B).  



For fixation of the proximal carpal row and distal fibular
graft, we used a locking plate designed for distal radius
fractures. Recently, a locking plate for distal radius fractures
had been reported to be quite useful to fix the radius and
proximal carpal row in cases of partial wrist joint fusion for
failed distal radius fracture (14). Using a locking plate for
distal radius fractures on the dorsal aspect of the wrist joint,
distal locking screws can be inserted into the lunate and
scaphoid bones. In particular, using the plate for the opposite
hand dorsally, longer screws can be inserted into the
scaphoid through a screw hole that would normally be
inserted into the radial styloid.
Concerning the appropriate bone grafting, the superiority of

FVFG from a simple (non-vascularized) fibular graft (15) is
still controversial. Although a simple fibular graft alone can
result in bone union, FVFG has a great advantage for bone
healing (16) in the case of a large bone graft (>6 cm). Even if
bone union is achieved, a grafted bone without sufficient
blood flow may lead to bone atrophy. However, grafted FVFG
observed hypertrophy of the bone at the grafted site, and could
have advantages against mechanical loading. Gorski et al.
showed a mean hypertrophy rate of the FVFG’s proximal site
of 47% and of the distal site of 32% (17). 
Pre- and post-operative chemotherapy and the presence of

a large dead space after the wide resection for bone
malignancies, increase the risk of surgical site infection.
Thus, FVFG has the advantage of being resistant to
infection, mostly because of its own blood flow. In addition,
FVFG with a large adipofascial flap has the possibility to
reconstruct better the gliding floor of the extensor tendon,
which contributes to preserving hand function by reducing
contractures caused by extensor tendon adhesions. Needless
to say, good hand function is essential for maintaining a
good QOL of the patient.
Describing the hemodynamics of the fibula, the fibular

head is nourished by the anterior tibial artery and the fibular
diaphysis is nourished by the peroneal artery. In
reconstruction with a fibular head graft, it is difficult to
determine which artery to use for the nutrient vessel, the
peroneal artery or the anterior tibial artery. If the peroneal
artery is selected with an emphasis on bone healing of the
fibula with the radius, the blood flow impairment may result
in collapse of the fibular head. In contrast, the use of the
anterior tibial artery to prioritize blood flow to the fibular
head increases the risk of pseudoarthrosis between the fibula
and radius (6).

Conclusion

We reconstructed the upper limb function of a Kyudo archer
with osteosarcoma of the distal radius by fibulo-scapho-
lunate arthrodesis with FVFG. Preservation of the range of
motion and support of the wrist for the Kyudo technique was

achieved. In the present procedure, the palmar locking plate
for the distal radius fracture was useful and allowed good
fixation of the proximal carpal row and grafted fibula. When
reconstructing the bone defect following the resection of
distal radial malignancies, partial wrist arthrodesis with
FVFG should be considered as the best reconstruction option
for function preservation of the hand, if preservation of the
midcarpal joint is possible. 
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