CASE REPORT

Use of a vascularized osteochondral graft from
the base of the third metastarsal to address
intraarticular malunions of the distal radius
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Purpose. Post-traumatic joint defect reconstruction consti-
tutes a significant challenge for any surgeon. We hereby
present our experience of using vascularized osteochondral
grafts from the base of the third metatarsal to reconstruct
large defects on the distal articular surface of the radius.
Case reports. Surgery was performed on three adults with
articular defects in their distal radius and massive cartilage
loss who were not eligible for correction through articular
osteotomy. In 2 cases, the semilunar notch, and sigmoid ca-
vity, were reconstructed; the scaphoid fossa was reconstruc-
ted in the third. Time from fracture to surgery went from 3
to 18 months. In all cases, a transplant was made of a pedi-
culated graft of the base of the third metatarsal pedicled on
the dorsal foot veins and arteries with a skin island, revas-
cularized through termino lateral anastomoses to the radial
artery and to the veins of the anatomic snuffbox.

Results. No vascular complications were detected. The posto-
perative flexion-extension range improved by a mean of 65°,
strength by 52 kg and the pain score, measured on a visual
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analog scale, 9 to 1.16 points. As regards the donor site, neit-
her metatarsalgia nor gait difficulties were observed. One pa-
tient reported discomfort on the dorsum of the foot when we-
aring tight footwear, resulting from a likely neuroma of the
deep peroneal nerve, which improved after 12 months.
Conclusions. Transplanting a vascularized osteochondral
graft from the base of the third metatarsal is a useful thera-
peutic alternative to treat massive defects of the distal arti-
culation of the radial bone. Sequelae at the donor site have
been minimal.

Key words: vascularized osteochondral graft,
osteochondral defect, intraarticular malunion,
intraarticular fracture of the distal radius, intraarticular
osteotony.

Injerto osteocondral vascularizado de la base
del tercer metatarsiano para los callos viciosos
intraarticulares del extremo distal del radio

Objetivo. La reconstruccion de defectos articulares postrau-
maticos constituye un dificil reto para el cirujano. Se pre-
senta nuestra experiencia con injertos osteocondrales vascu-
larizados tomados de la base del tercer metatarsiano para
reconstruir grandes defectos en la superficie articular distal
del radio.

Casos clinicos. Se han intervenido 3 adultos con defectos
articulares en radio distal, con pérdidas masivas de cartilago
no candidatos a correccién con osteotomia articular. En 2
casos se reconstruy6 la fosa semilunar (y sigmoidea) y en el
otro la escafoidea. El tiempo desde la fractura varié de 3 a
18 meses. En todos se trasplantd la base del tercer metatar-
siano pediculado en la arteria y venas dorsales del pie con
una isla cutdnea de monitor, revasculada mediante anasto-
mosis terminolaterales a la arteria radial y venas de la taba-
quera anatomica.

Resultados. No se presentaron complicaciones vasculares.
Tras la intervencion el rango de flexoextension mejord una
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media de 65°; la fuerza, 52 kg y el dolor medio medido por
una escala visual analdgica pasé de 9 a 1,16. Respecto a la
zona donante, no hubo problemas de metatarsalgia, ni en la
marcha. Un paciente referia molestias en el dorso del pie,
con el calzado apretado, por un probable neuroma del ner-
vio peroneo profundo, que mejord a los doce meses.
Conclusiones. El trasplante de un injerto osteocondral vas-
cularizado de la base del tercer metatarsiano constituye una
alternativa terapéutica para el tratamiento de los defectos
masivos de la carilla articular de radio distal. La secuela do-
nante ha sido minima.

Palabras clave: injerto vascularizado osteocondral, defecto
ostecondral, callo vicioso intraarticular, fractura
intraarticular radio distal, osteotomia intraarticular.

«Cartilage once injured is incapable of healing»
(Hunter, 1743). When there is an osteochondral deficiency
following radius fracture, the chosen treatment is partial or
total arthrodesis'?. The literature presents numerous proce-
dures for the successful reconstruction of joint defects,
however, there is no agreement as to which of them is the
best*’. Surprisingly enough, we have found only one article
in which the reconstruction of a post-trauma joint deficien-
cy in the distal radius was attempted® using an osteochon-
dral non-vascularized graft of the fibula. Although the re-
sults that were published for two patients were satisfactory,
the experience of other authors as well as our own, indicate
that non-vascularized grafts are reabsorbed with time (at
least those in the hand) *!!. In order to solve this problem,
we suggest using a vascularized osteochondral graft in this
kind of transplant.

Is it necessary that the cartilage be vascularized? It is
axiomatically believed that the hyaline cartilage feeds ex-
clusively on synovial liquid'>'3. Nevertheless this axiom be-
comes weaker if we consider that there is hyaline cartilage
in the outer ear. Moreover, the feeding role of blood be-
comes more evident if we consider that long-term studies
have shown excellent results in cases of vascularized joint
transfers'*!> and long-term joint collapses in non-vascular-
ized transfers'®!®. Finally, recent anatomic and physiologi-
cal studies highlight the fundamental role of irrigation of
the subchondral bone in the nourishment of the cartilage, at
least in the bone-cartilage interface'>?°. These facts
strengthen the idea that sustenance through blood is also
important for the cartilage and for the integrity of the joint,
and they would also explain, partially at least, the re-ab-
sorption of non-vascularized osteochondral grafts.

Basing ourselves on what we have stated above, we
performed 8 vascularized osteochondral transplants with the
aim of reconstructing different kinds of deficiencies in hand
joints, and we obtained positive results. In this presentation

we describe our experience in the reconstruction of three
cases of osteochondral defects in the distal radius with the
base of the 3" metatarsal.

Morphometric studies of the base of the 3™ metatarsal
showed that the joint surface of this base is slightly concave
or flat, and its size is large enough for reconstructing the
scaphoid or lunate fossa of the radius. It also presented an
extra facet in its fibular and dorsal aspect that was useful for
reconstructing the dorsal region of the sigmoid fossa.

The nourishment of the base of the 3™ metatarsal de-
pends on the laterodistal tarsal artery and on the arcuate
artery, the former being dominant in 65% (13 out of 20) of
the feet we studied®'.

Surgical procedure

The radius is approached by means of an incision along
the dorsal median line, between the long thumb extensor,
which frees itself from its canal, and the 4™ compartment,
which rises subperiostically. The joint is evaluated with an
arthrotomy and, if the situation is favorable for reconstruc-
tion (as is explained in the section «Discussion»), a tridi-
mensional defect is formed in the epiphysometaphyseal re-
gion, where the osteochondral graft will be inserted.

In an ischemic condition and by means of a dorsal zig-
zagging approach the pedicle of the foot dorsal is localized.
A perforating cutaneous vein is identified and isolated so as
to include an island of skin that will be used as post-op
monitor. The hallucis brevis extensor tendon that crosses
the dorsal foot artery is sectioned. Displacing the hallucis
longus medially and the long extensor tendons laterally, the
vascularization of the back of the foot and of the bases of
the metatarsals is exposed. The base of the 3™ metatarsal
and the feeding arteries (arcuate, tarsal, laterodistal and/or
small innominate periostic branches) are localized, and pre-
served and protected with a small periosteal cuff. A saw is
used to section the 3™ metatarsal distally up to the arcuate,
and all the capsuloligament structures are also sectioned,
until the bone is pedicled in the dorsal vessels of the foot.
The removal of the ischemia cuff enables the confirmation
of the perfusion of the metatarsal base and of the cutaneous
monitor (fig. 1).

The flap is transferred to the hand and the microvascu-
lar anastomoses are performed on the radial artery in the
anatomic (terminolateral) snuff-box. Neighboring veins are
used for the venous drainage: the subcutaneous veins of the
forearm or the concomitant veins of the radial artery. In all
the cases an island of skin was left as witness in order to
monitor the vascularization of the graft.

The donor site is closed plane by plane and leaving a
suction drainage in. No surgical maneuvers are made on the
metatarsal. A protection splint is placed and walking is al-
lowed with a rigid sole shoe (of the Tovipie kind). After the
sixth day, walking without protection is allowed.
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Figure 1. (A) Intraoperative view of case 2, with the osteochondral
flap of the 3rd metatarsal pedicled in the dorsal artery and veins of the
foot. (B) View of the main facet joint. A: accessory facet joint; DVF:
dorsal vessels of the foot; CI: cutaneous island; MFJ: main facet joint.

Case 1

We receive a 33-year-old male with comminuted frac-
ture of the distal radius, treated with osteosynthesis. After a
6-month rehabilitation period, the patient still manifested
pain, stiffness and functional disability. The CT-scan re-
vealed the destruction of 70% of the scaphoid fossa of the
radius, which was reconstructed by means of the transfer of
the base of the 3™ metatarsal, synthesized with two com-
pression screws. Eight months after transfer, pain was mini-
mum and joint balance was acceptable (20°active extension;
45° flexion), but the patient requested better mobility.
Arthroscopic arthrolysis was carried out and osteosynthesis
material was removed, confirming the satisfactory state of
the cartilage and the presence of bleeding in the subchon-
dral bone. In the last follow-up session (2 years later) the
patient presents with a flexion of 50°, extension of 42°, ra-
dial deviation of 15°, ulnar deviation of 28°, contralateral
hand strength of 78% (dominant hand), and pain according
to the Visual Analog Scale (VAS) (0 = no pain; 10 = maxi-
mum pain) diminished from 9 to 1.5. The sequel in the
donor site consisted in discomfort, with shoe pressure, on
the back of the foot (American Orthopaedic Foot and Ankle
Society [AOFAS] 85/100)%.

Case 2

A 55-year-old male is transferred from another center
three months after comminuted ulna and radius fracture,
both treated with an external fixator and plates. The patient
complained of intense pain (10/10 by the VAS), a stiffness
of the wrist (20° flexion-extension and 0° supination) and
functional incapacity (strength could not be measured due
to the impossibility of making a fist caused by stiffness of

the long fingers). The radiographic study revealed an ulnar
impact due to the collapse of the radius, and the destruction
of 60% of the dorsal of the lunate fossa, with affectation of
the sigmoid fossa (fig. 2). During intra-surgical exploration,
we observed cartilage loss in more than half of the poster-
oulnar lunate fossa (fig. 3A). We dried the affected area of
the lunate and the sigmoid fossa and placed the osteochon-
dral graft in the defect (fig. 3B), achieving stabilization with
two screws and revascularizing the anatomic snuff-box.

As in the previous cases, a cutaneous island was used as
monitor. Concomitantly, the ulna was shortened by Smm.
Ten months later the patient presented with a flexoextension
of 105°, a radial deviation of 12° and a deviation of 30°.
Pronation was complete and supination was at 75°. Pain on
the VAS was 1.5/10. There was no discomfort in the donor
site (AOFAS 100) (figs. 4 and 5).

Case 3

We receive a 33-year-old male with comminuted in-
traarticular fracture of the distal radius and scapho-semilu-
nar dissociation (with a 17-month evolution) who had been
treated in another center with osteosynthesis and reattach-
ment of the scapho-lunate ligament. The patient presented
with pain, stiffness and functional incapacity. The CT-scan
showed the destruction of the ulnar 70% of the lunate fossa
of the radius and affectation of the sigmoid fossa. This de-
fect was reconstructed using a technique that was similar to
the one used in the previous case. After a follow-up period
of eight months, the patient had reached a flexion-extension
of 45° and a 60% increase in strength compared to pre-op
measurements. Pain in the VAS decreased from 8 to 0, and
there was no discomfort in the donor site (AOFAS 100).
Because of the short follow-up period and the positive evo-
lution, the patient is expected to improve all the registered
parameters.

DISCUSSION

Intraarticular malunions of the radius with residual
steps of over 2mm bring about degenerative changes in the
short term and very often incapacitating pain®. In order to
correct them, intraarticular osteotomy techniques that en-
abled the restoration of the joint surface were developed**
26, However, when there are more than three fragments,
cartilaginous defects or when the joint degeneration has al-
ready occurred, joint osteotomies are not recommended.
Instead, partial arthrodesis is considered the adequate treat-
ment in these cases'?, since it relieves pain by restricting
mobility.

In other fields of Orthopedics, the reconstruction of
cartilaginous defects is subsidiary to multiple therapeutic
options, with which it is possible to retain satisfactory
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Figure 2. Pre-op image study of case N°2 patient. (A) Lateral x-ray sho-
wing incorrect position and irregularities in the posteroulnar fragment.
(B) The irregularities in the axial CT-scan (arrows) show that the poste-
roulnar fragment is irreparably damaged. (C) Axial CT-scan with dotted
lines showing the area that will be substituted with the osteochondral

vascularized graft.

joint balance with minimum pain. It seems to be more sen-
sible to reconstruct the defect on the joint surface using
conventional techniques rather than with arthrodesis, even
in the case of partial arthrodesis. However, subsidence
with multiple fragmentation is the type of defect that most
frequently found in the radius after trauma, the injuries
very often being peripheral. For these cases, which are not
surface defects, chondrocyte culture or microfracture tech-
niques are not a solution. Moreover, both for autografts
and allografts, the ideal situation is one characterized by
central defects in a mortise where the graft can be
placed*?"28,

For peripheral defects in other areas of the hand, autol-
ogous osteochondral non-vascularized grafts have been
used, chiefly in post-trauma defects, obtaining satisfactory
results in the short term®!°. However, in the longer term,
some grafts have been reabsorbed, especially if they were
large (fig.6). In point of fact, one of the advocators of the
technique, Ishida’®, does not recommend the technique when
defects are larger than half an interphalangeal (0.5 cm). The

size of the defects that have to be reconstructed in the radius
is much greater than this measure. Mekhail®® measured the
surface that contained cartilage in the distal end of the ra-
dius: the lunate fossa was a quadrangular polygon of around
14mm, and the scaphoid fossa was a triangle with 15mm
sides.

It was taking into account those studies that show that
the nourishment of, at least, the deep layers of the cartilage
depends on the vascularization of the subchondral
bone!#!13:1920 and that large grafts are necessary, that we
started the search for an appropriate donor site. After con-
sidering various sites we found a morphometric similarity
between the base of the 3" metatarsal and the distal end of
the radius: the base of the metatarsal is roughly comparable
to the lunate or scaphoid fossas. In all cases the study of
vascularization showed the existence of periostic vessels in
the base of the 3™ metatarsal that were dependent of the ar-
cuate artery and/or the tarsal laterodistal, both of which in
turn depended on the pedal artery, which could be used as
donor vessel?.
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Figure 3. Intra-op detail of case N°2. Wrist has been approached dorsally, between the long thumb extensor, freed radially and the finger extensors,
freed from the ulna. (A) The excision of the most distal portion of the posteroulnar fragment allows the view of the scar area that has no cartilage
and that affects the two posterior thirds of the lunate fossa (bounded with dots); the cartilage nearest the volar region (anterior to dotted line) is nor-
mal. (B) The osteochondral flap of the 3" metatarsal (asterisk) has been synthesized, replacing the affected area. E: scaphoid; S: lunate.

The results we obtained with the osteochondral vascu-
larized graft were more satisfactory than those obtained
with partial arthrodesis (radio-lunate or radio-scaphoid
arthrodesis with excision of the scaphoid distal pole), and it
had a minimum negative donor effect (fig. 7). Nevertheless,
our series is small and follow-up is short, due to which, de-
spite our optimism, we are aware that these results must be
interpreted with caution. In our experience the vascularized
osteochondral graft plays an important role when the joint
injury lies within the facet joint of the radius.

If, instead, the scaphoid or lunate surface is eroded, this
method is not advised, the chosen method in this case being
modified radio-scapho-lunate arthrodesis®, radio-lunate!', or
even total arthrodesis. In those cases in which there is subsi-
dence of an isolated fragment but the cartilage still remains,
we prefer reposition of the fragment after osteotomy, be it
inwards as is advocated by Gonzdlez del Pino* and Ring?,
or with direct arthroscopic view and outwards, as we our-
selves prefer’*3!,

The flap elevation technique is not simple, due to
anatomic variation and periostic vessel frailty, and it re-

quires experience in microsurgery, although donor vessels
are large. In line with this approach, we have applied the
concept of vascularized osteochondral graft in the recon-
struction of partial defects in the finger joints, taking small
vascularized fragments from foot phalanxes. Results as re-
gards mobility and joint space have been favorable. It is
possible that other anatomic areas may be reconstructed
once more donor sites have been found.

In conclusion, our experience in the reconstruction of
massive irreparable defects of the distal radio facet joint by
means of an osteochondral graft has been functionally posi-
tive, yielding a reduction of pain and scanty negative donor
effects. The presence of injuries in the joint facet of the
scaphoid or lunate proximal pole, renders this technique un-
advisable, however.

Since this work was sent we have performed two more
reconstructions of the lunate fossa. The follow-up periods
of all five cases vary between 1 and 4 years. Clinical results
have remained unchanged without there appearing signs of
degeneration in radiographic controls.
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A x B
Figure 4. (A and B) Posteroanterior and lateral x-rays of case N°2 after a period of 8 months. Graft is fixed with two posteroulnar screws (the rest

of the material corresponds to the first surgery). The ulna was shortened concomitantly to the transplant in the median third of the diaphysis (not
shown in x-ray).

Figure 5. Same case as in figure 4. (A-D) Results after a period of 10 months.
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Pre-operatory Day 0 3 months 1 year 2 years

Figure 6. From left to right, re-absorption of small non-vascularized osteochondral bone graft, taken from foot metatarsal. Measurements went from
70° after three months, to 20° after a year, and 0° after 2 years.

A

Figure 7. (A) Donor site of case N°2 patient. (B) X-ray showing excision of 3 metatarsal.
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