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Distal radius fractures are among the most common injuries to the upper extremity and have a bimodal
distribution in younger male patients and older women. Young men suffer from high-energy injuries and
older women from fragility fractures. Approximately 50% of these are intra-articular. Timely and
appropriate treatment usually will lead to an acceptable outcome, but loss of congruity of the articular
surface remains a difficult problem to manage. We report here on the case of a 16-year-old boy with
malunion of the radial articular surface with lack of motion and pain. He was managed by replacing the
displaced and damaged segment of the radial articular surface with a vascularized osteochondral graft
from the proximal phalanx of the great toe. This matched the shape of this portion of the radius quite
well, and he has had improvements in motion and pain in the 10 months since that time. The donor site
has not caused him any difficulty to date.
Copyright © 2021, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Distal radius fractures are among the most common injuries
to the upper extremity.1 They have a bimodal distribution,
occurring more frequently in younger men due to high-energy
trauma and in older women due to bone fragility. It is esti-
mated that 50% of the distal radius fractures are intra-articular,1

and young adults with these fractures have a high incidence of
joint degeneration. Knirk and Jupiter2 noted that the majority of
patients developing arthritis had malreduced die-punch frac-
tures. Accurate reduction and fixation of the articular surface has
been shown to significantly improve the outcomes in these in-
juries.3 However, once a malunion of a die-punch fracture has
been established management is extremely challenging.4 Op-
tions for replacement of damaged joint surfaces have been
limited, and results using cartilage grafts have been mixed.5 Here
we present here the case of a patient with a delayed presentation
and malunion of a distal radius die-punch fracture managed with
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a vascularized osteochondral graft from the proximal articular
surface of the great toe.
Case Report

The patient presented at age 16, approximately 10 months
after open reduction and pin fixation of a distal radius fracture
caused by falling off a horse. At the time of the initial injury, an
attempt at volar plate fixation at an outside facility was aborted
because of the severe comminution, and the fracture was sim-
ply fixed with Kirschner wires. Figure 1 shows the ante-
roposterior and lateral views at the time of the initial
procedure. The patient was immobilized for approximately 8
weeks, and the wires were removed. He was referred to phys-
ical therapy but continued to have ongoing problems, with
increasing pain and lack of motion. At 10 months postinjury he
was referred to our institution.

At the time of presentation, he complained of pain and swelling
in the right wrist. He had limited active and passive motion, with
20� of flexion and 15� of dorsiflexion, and had painwith anymotion
in the wrist. His pronation was 60� and supination 75�. Plain ra-
diographs taken at that time showed degenerative changes in the
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Figure 1. A AP view of the patient’s wrist after open reduction and fixation with Kirschner wires. B Lateral view of the patient’s wrist after open reduction and fixation with
Kirschner wires. AP, anteroposterior.

Figure 2. A AP view of the patient’s wrist 10 months postoperatively. B Lateral view of the patient’s wrist 10 months postoperatively. AP, anteroposterior.
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radiocarpal joint, with loss of volar tilt (Fig. 2). Radial inclination on
these images was 13�, volar tilt was -12�, and ulnar variancewasþ3
mm. Further imaging was done with computerized tomographic
scans to evaluate the malunion and magnetic resonance imaging
(MRI) to evaluate the state of his cartilage (Figs. 3, 4). These images
confirmed a large defect in the articular surface of the distal radius,



Figure 3. A Representative view of the right wrist on CT scan. B Representative view of the right wrist on CT scan. CT, computerized tomography.

Figure 4. View of articular surface of radius at exploration. The black line outlines the
proximal carpal bones.
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involving part of the lunate and scaphoid fossae, while the cartilage
on the carpal bones appeared to be intact. Due to the patient’s age,
consideration was given to the possibility of a vascularized osteo-
chondral graft, but on further research, none of the described donor
sites appeared to offer the right size6 or concavity7 to reconstruct
the involved segment. Comparing x-rays of his great toe and the
defect in the distal radius showed that the articular surface of the
proximal phalanx at the metatarsophalangeal joint potentially
offered such a graft. This option was discussed at length with the
patient and his mother, who agreed to undertake an attempt at
reconstruction of his wrist with a vascularized graft from the great
toe.
The radius was approached both dorsally and volarly. There
was dense scarring of the joint capsule both dorsally and vol-
arly, which was released dorsally and somewhat volarly, pre-
serving the radioscaphocapitate ligament. At exploration of the
wrist, he was found to have severe damage to the involved
segment of cartilage; however, the cartilage on the carpal bones
was preserved (Fig. 4). The volar tilt of the radius was first
restored with a transverse dorsal opening wedge osteotomy and
volar plate. The defect in the articular surface was excised from
the dorsal side, and the proximal half of the proximal phalanx
of the great toe was harvested on the dorsal circulation and
proper digital branches to the proximal phalanx (Fig. 5).8e10 The
cortical portions of the graft were carefully removed, and the
phalanx was squared off to fit the defect (Fig. 6). After assuring
appropriate positioning of the graft, it was fixed with screws
from the volar plate (Fig. 7). Vascular anastomosis of the dor-
salis pedis artery and 2 venae comitans was performed end-to-
side to the radial vessels on the volar side of the wrist. The
defect at the toe was managed by interpositional arthroplasty
using the extensor digitorum brevis and a portion of the
extensor hallucis longus placed in the defect, and was pinned
for 8 weeks.

His wrist was immobilized for 6 weeks and appeared to have
good early healing at this point. After this, he was started on
occupational therapy.

He had excellent radiographic healing of the graft, and the last
plain films showed some improvement in the joint surface. Radial
inclination in these images was unchanged at 13�; however, volar
tilt was improved to 11� and ulnar variance remained at
approximately þ3 mm. He discontinued therapy himself at around
3months. His pain resolved and he returned to playing baseball. His
motion gradually improved, but he continued to have amarked lack
of extension while his flexion improved. His pronation and



Figure 5. Articular surface of the proximal great toe after harvesting, with the vascular pedicle to the left.

Figure 6. Graft after removal of cortex and shaping.
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supination returned to nearly normal. At his last follow-up at 10
months, the graft was well incorporated (Fig. 8). His wrist extension
was 20� and flexion was 45� (Fig. 9). He denied pain in the wrist.
The foot was not bothersome and he was able to run and play
sports. We have been unable to contact him since that time for
further imaging to evaluate the status of the cartilage.
Discussion

Repair and reconstruction of significant cartilage defects
remains a difficult challenge. Younger patients pose particular
issues, as salvage procedures and joint replacement are not
good options. There are small series that have reported using
nonvascularized osseocartilaginous grafts from the rib to
replace the cartilage of the distal radius; while early results
were encouraging,5,11 this technique has not gained favor. The
medial femoral condylar vascularized graft can be harvested
with the cartilage of the trochlea of the femur to reconstruct
the scaphoid,7 and the results of this procedure have been
reasonable.11 The shape of this particular graft is convex,
however, and not really applicable to the articular surface of
the radius. Del Pinal et al12 have described the anatomy of the
base of the third metatarsal as a vascularized osseocartilagi-
nous graft, and reconstructed a portion of the scaphoid fossa
with this. Del Pinal et al6 likewise used this graft to
reconstruct the sigmoid notch of the radius. This did not
appear to offer enough cartilage to adequately reconstruct the
defect in this patient.

The vascular supply to and anatomy of the great toe have been
widely studied and are consistent.9,13 Transfer of the joints and/or
portions of the toe have been used in hand and digital recon-
struction for many years.8 Based on this knowledge, we designed a
vascularized osteochondral graft from the proximal phalanx of the
great toe to reconstruct a relatively large defect in the distal radius
articular surface. The dissection of the bone flap is straightforward,
and the cartilage obtained fit the concavity of the radial articular
surface well.8

The patient did well in the short term, with decreased pain
and improved motion. Unfortunately, dorsiflexion did not
improve a great deal; we feel this was due to the intense scarring
present from the initial injury, along with the inability to
completely release the volar side of the wrist. Our follow-up was
unfortunately short, and we have not had the opportunity to
evaluate the status of the cartilage via MRI. The donor site could
well pose more problems as time goes on. We feel that this
procedure presents another option for the management of sig-
nificant cartilage loss in the distal radius, particularly in younger
patients. Fortunately, this is an unusual problem, but we will
certainly perform this procedure again if a similar problem arises
in the future.



Figure 7. A PA view immediately postoperatively. B Lateral view immediately postoperatively.

Figure 8. A PA view at 10 months. B Lateral view at 10 months.
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Figure 9. A Dorsiflexion at 10 months. B Flexion at 10 months.
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