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Vascularized Bone Blocks From the Toe
Phalanx to Solve Complex Intercalated

Defects in the Fingers
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Purpose: Vascularized bone transplants resist infection and allow rapid healing but keeping
small bony segments vascularized, as needed for a finger defect, is a challenge. The purpose
of this article is to present a cohort of patients with traumatic intercalated compound bony
defects in the fingers that were reconstructed by a vascularized toe phalanx (or part of a
phalanx) in a single stage.
Methods: Eight patients were treated with an intercalary vascularized bone graft that included
a part of the proximal phalanx (3 patients), most of the middle phalanx (4 patients), or a
portion of each phalanx (1 patient) of a second toe (totaling 9 bone blocks). There was an
associated soft-tissue defect in each patient, an infection in 6 patients, and cartilage loss in
4 patients. The toes were pedicled on the proper digital artery (6 patients) or a segment of the
first dorsal metatarsal artery (2 patients). A mean length of 12 mm of vascularized bone was
transferred. The associated skin island varied from a minimum of 2 � 1 cm to a maximum
of 5 � 3 cm. Bleeding from all of the bone surfaces was evidenced once the clamps were
released. The homolateral digital nerve and the contralateral neurovascular pedicle of the toe
were kept in place. The toe defect was treated by soft-tissue arthroplasty or arthrodesis. No
toe was amputated.
Results: Radiologic bony union was evident at 4 to 6 weeks, except in 1 patient with an acute
infection whose distal union failed to unite at 6 weeks because the infection recurred. Finger
length loss averaged 3 mm. All patients returned to their preoperative occupation.
Conclusions: In this group of patients the toe phalanx reliably maintained its vascularization,
allowing us to solve compound osteocutaneous defects in the fingers in a single stage. Donor
site morbidity was minimal. (J Hand Surg 2006;31A:1075–1082. Copyright © 2006 by the
American Society for Surgery of the Hand.)
Type of study/level of evidence: Therapeutic, Level IV.
Key words: Bone defect, microsurgery, toe-to-hand transfer, compound loss, vascularized
bone graft.
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econstruction of intercalated bony defects of the
fingers is challenging. Most cases can be solved
by means of nonvascularized bone grafts, either

orticocancellous1,2 or spongiosa.3–5 However, under
ertain circumstances,6–10 a vascularized bone graft
ay be a better option. Long bone defects, or smaller

efects associated to a soft tissue defect, infection, a
oor scarred bed, or when a piece of cartilage needs to

e included are among some of them. d
There are several reliable free vascularized bone
raft donor sites when a large defect needs to be
econstructed11–13 but very few when a small block
f bone is needed.14,15 This is partly because the
maller the bone graft to be harvested the more
ifficult it is to include its feeding vessels. In addition
n some cases the intercalated defect in the fingers has

concomitant soft-tissue defect, limiting the possible

onor sites even further. The most popular alternative
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or this scenario is to combine a nonvascularized bone
raft with a local or free flap for coverage.1,2,16,17

The purpose of this study was to present a group of
atients with intercalated compound osteocutaneous
efects of the fingers that were reconstructed with a
ascularized toe phalanx (or part of a phalanx) in a
ingle stage. In this article we describe this group and
he surgical details and assess the results.

aterials and Methods
ver a 3-year period 9 small bone blocks were har-
ested from the toe phalanx and transplanted to 8 fin-
ers. (One finger received 2 blocks). The defects were
ocated as follows: 1 at the base of the proximal pha-
anx, 1 at the distal aspect of the proximal phalanx, 1 at
he proximal interphalangeal (PIP) joint, 1 at the middle
halanx, and 4 at the distal interphalangeal (DIP) joint.

All patients were healthy manual workers (mean
ge, 33 y; range, 19–57 y). Patients 4 and 8 were
mokers (1 pack/d). All fingers had some type of
oncomitant soft-tissue defect and required the inclu-
ion of a skin island. Three fingers had an acute
nfection after a failed reconstruction attempt with
ocal tissues (patients 3, 4) or a failed intercalated
ctopic replantation (patient 6). Three fingers (pa-
ients 1, 2, 8) had a chronic bony infection with a
inus tract. In an attempt to eradicate the infection an
verage of 3 procedures had been performed previ-
usly, including 1 performed by us on patient 1. Four
ngers had a concomitant cartilage defect that was
econstructed by a vascularized osteochondral graft
patients 3, 5, 6, 7). All were work-related injuries
overed by workers’ compensation.

The fingers had pulp sensibility preserved on both
ides (5 patients) or at least on the radial side of the
ndex finger (3 patients). Amputation was offered as
n alternative to all distal defects but was rejected by

Table 1. Demographics and Surgical Details

Patient Age, y
Affected
Finger Recipient Site Location

1 21 Middle DIP Ch
2 20 Index DIP Ch
3 53 Index Base of P1 Inf
4 19 Index DIP Inf
5 24 Index Hemicondyle/defect P1 Os
6 36 Index P2 shaft/partial base Inf
7 34 Small Hemicondyle P1/

hemibase P2
Os

8 57 Ring DIP–P3 Ch

FDP, flexor digitorum profundus; FDS, flexor digitorum superficial
he patients and family (patients 1, 2, 4, 6, 8). Arth- w
odesis with slight shortening also was offered to 4 of
he patients who had an osteochondral defect (pa-
ients 3, 5, 7) (Table 1).

In 4 patients with infection around the DIP joint
he bone block was used to maintain finger length
fter the radical debridement and to bring well-vas-
ularized tissue to span the gap (patients 1, 2, 4, 8).
n 2 acutely injured patients (patients 3, 6) the vas-
ularized bone graft was used to solve a compound
one and soft-tissue defect. In addition those 2 pa-
ients suffered a concomitant loss of bone and carti-
age on the neighboring joint (metacarpophalangeal
oint in 1 patient and PIP joint in the other), which
as reconstructed by including a portion of cartilage
ith the toe phalanx as a vascularized osteochondral
raft.10 Finally patients 5 and 7 had an osteochondral
efect involving the PIP joint with soft-tissue loss
hat had healed by secondary intention. A matching
iece of vascularized osteochondral graft was har-
ested from the toe phalanx together with a skin
sland for solving the joint–soft-tissue defect. Before
urgery and at the last visit the active range of motion
AROM) was measured in the involved joints with a
oniometer. Preoperative motion, however, could be
easured only in the PIP joints of patients 5 and 7

20° and 0°, respectively). Patients 3 and 6 had
egligible AROM because of severe pain caused by
ither infected joints or concomitant open wounds,
hich impeded cooperation.
Taking into consideration the recipient site re-

uirements—that is, the bone, soft tissues and/or
artilage, and vessels available—the appropriate pha-
anx was selected (Fig. 1A). Before surgery the pres-
nce of a Doppler signal on the toe’s digital artery
as ascertained. No other vascular study was per-

ormed. Smokers were advised to quit for at least 4

in Problem
Skin

Defect Other
Days Since

Trauma

infection Yes — 180
infection Yes — 65
/cartilage defect Yes FDS/FDP injury 7
, necrosis Yes — 14
ondral defect Yes P2 malunion 60
, necrosis Yes Cartilage defect 15
ondral defect Scar None 103

infection Yes None 39

proximal phalanx; P2, middle phalanx; P3, distal phalanx.
Ma

ronic
ronic
ection
ection
teoch
ection
teoch

ronic
eeks after surgery.
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lap Harvesting
n principle the procedure is similar to a standard toe
arvesting with some particularities highlighted as
ollows. A subcutaneous vein first is dissected and
solated through a dorsal zigzag incision. The skin
ap is incised on the plantar side (the side of the
edicle). The plantar toe skin is reflected plantarward
ncluding the digital nerve, which is separated from
he artery and left intact on the toe. Great care is
aken to keep the connections intact between the
igital artery, bone, skin, and vein dorsally by includ-
ng a soft-tissue cuff over the bone. The digital artery
hen is dissected proximally and side branches are
ied off with 5-0 silk, clips, or 9-0 nylon depending
n their size. Traction on these tiny branches is to be
voided because avulsion from the main digital ar-
ery may cause persistent spasm or even failure of the
art to revascularize.18 The digital artery is ligated
istally to the bone to be harvested.
Once the dissection on the pedicle side is termi-

ated the contralateral side is dissected out rapidly by
ncising the skin island and performing a subperios-
eal dissection of the phalanx. The extensor tendon
an be left on the foot or harvested if needed in the
nger. The neurovascular pedicle, which maintains

he donor toe viability, does not need to be seen.
nly nutrient branches to the bone from this pedicle
eed to be ligated carefully, again avoiding avulsion
ecause this may endanger the toe’s blood supply.
he flexor sheath is open and the flexor tendons are

igure 1. (A) Design of the flap: middle phalanx osteocuta-
eous flap (patient 1). (B) The middle phalanx of the second
oe after being raised and viewed from its plantar–lateral
spect. The digital nerve is preserved on the donor site.
, lateral plantar digital artery of the second toe; V, subcuta-
eous vein; SF, skin flap.
eflected plantarward. Care should be taken not to m
vulse the vincular tissue because this may damage
he tiny rete of vessels located at the plantar aspect of
he phalanx. The segment of bone to be harvested then
s cut with an oscillating saw and the tourniquet is
eleased. We try to cut the exact amount of bone needed
efore disconnecting the phalanx from the toe because
fterward it is very difficult to manipulate the small
lock of bone. The flap then is ready to be transferred
nd revascularized in the usual way (Fig. 1B).

A mean of 12 mm of bone was harvested (range,
–19 mm). The skin island varied from a minimum of
� 1 cm to a maximum of 5 � 3 cm. The donor vessel
as the proper digital artery in 6 patients and the first
orsal metatarsal artery in 2 patients. Bleeding from all
f the surfaces was evident once the tourniquet was
eleased. Flap harvesting took from 70 minutes to 105
inutes. The bone was fixed with crossed 1.0-mm
-wires except in cases of joint reconstruction, for
hich we preferred 1.5-mm compressive screws. Re-
ascularization was performed end-to-end to a digital
rtery in all patients. Venous drainage was accom-
lished by anastomosing a dorsal vein end-to-end to a
ubcutaneous vein in the digital web. In most patients
ontinuous 10-0 nylon (on a 100-�m needle) was used
or the arteries and continuous 9-0 nylon (on a 150-�m
eedle) for the veins. The bone bled again and the skin
aps showed good capillary refill once the clamps were
eleased. Transitory spasm is quite common when deal-
ng with very small vessels—toe digital arteries are in
he range of 0.6 to 1.2 mm; the veins range from 1.0 to
.0 mm—and if present it was reverted by using topical
erapamil. In addition, just before clamp release a bolus
f 1,000 U of heparin was injected intravenously.
hereafter a continuous perfusion of dextran 40 and
eparin (25 mL of dextran 40/250 U of heparin/h) was
iven for the first 4 days and reduced to 12 mL of
extran 40/120 U heparin per hour for a further day.
atients were discharged on day 6 receiving low–mo-

ecular-weight heparin for an average of 2 weeks or less
epending on ambulation. The flaps were monitored by
ssessing the capillary refill, color, and Doppler probe
esults hourly for 48 hours, decreasing to every 2 and
hen to every 4 hours afterward. No vascular crisis
ccurred (Fig. 2).

In 1 patient a rotation flap from the dorsum of the
arge toe was used to close the defect on the toe
patient 6). All other donor sites were closed primar-
ly as a result of bone shortening and local tissue
ailoring. The space left by the bone harvested was
losed partially by axial collapse and by suturing the
xtensor to the flexor tendons similar to that recom-

ended for children by Buck-Gramcko.19 Toes were
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tabilized temporarily by 1 or 2 longitudinal K-wires
or 4 to 6 weeks. In patients 5 and 7 the proximal and
iddle phalanges were fused.
Union was assessed clinically and radiographically

t regular intervals. Clinical bony union was thought
o have occurred once there was no pain on palpation
r mobility on manual stress. Radiologic union was
efined as occurring when trabeculae crossed the
ony junction. Finger length was studied by measur-
ng the reconstructed and contralateral healthy sides
ith a ruler on plain x-rays. Comparison with pre-
perative x-rays was misleading because the bone
nds required intraoperative debridement; therefore
his comparison is not included. An indirect estima-
ion of the bony defect can be inferred by considering
he bone block size. At a minimum follow-up period
f 6 months (average, 17 mo, range, 6–33 mo) pa-
ients were asked about any foot complaints. They
lso were asked to asses the cosmetic aspect of the
onor site with a visual analog scale (range: 0, very
gly to 10, normal). In addition they were asked
bout whether they would recommend the procedure
o others. To evaluate the morbidity of the donor site
he American Orthopaedic Foot and Ankle Society
uestionnaire for lesser toes also was provided.20

esults
esults are summarized in Table 2.
Patients remained hospitalized an average of 6

igure 2. Patient 1. (A) Preoperative condition after 3 previ-
us procedures including 2 attempts of arthrodesis (1 with
one graft). The initial injury was open fracture dislocation of
he DIP joint. Arrow points to a draining sinus. (B) Radical
ebridement of the granulating, scarred soft-tissue and in-
ected bone. (C) Two years after surgery with no signs of
ecurrent infection. The location of the arterial anastomosis
as been marked with an asterisk. SF, skin flap.
ays after the surgery (range, 5–7 d). Patient 6 was
 T P A M
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eadmitted to the hospital for a stay of 28 days for
reatment of a recurrent infection (discussed later).

In all patients clinical bone union occurred earlier
han 4 weeks except in patient 6, in whom infection
ecurred. Radiologic healing was more difficult to
ssess, particularly when rigid fixation (screws) was
sed, but it was evident at 5 weeks in all patients
Fig. 3) except patient 6. In patient 6, who had an
cute infection, infection recurred 6 weeks after the

igure 3. Destruction of the DIP joint and most of the distal
halanx in a case of chronic infection (patient 1). The PIP

oint, at the bottom of the picture, is normal. (A) Preoperative
-ray. (B) Radial debridement: intraoperative fluoroscopy im-
ge. (C) Lateral x-ray taken 2 years after surgery.
Figure 4. Functional result of the same patient shown in F
urgery in the distal graft–distal phalanx interface.
he infection was controlled by a new debridement,
ancellous bone grafting, and a 4-week course of
ntravenous antibiotics. Radiologic union occurred 6
eeks after the second surgery. No infection had

ecurred at the latest follow-up evaluation. Finger
ength was restored to an average of within 3 mm of
he contralateral finger (range, 5–0 mm) (Fig. 4)
xcept in patient 6, in whom a bone loss of 9 mm
ccurred after the secondary debridement.
The results of the AROM of the 4 joints recon-

tructed with a vascularized osteochondral graft (pa-
ients 3, 5, 6, 7) are reported in Table 2. Comparison
ith preoperative values could be made only in pa-

ients 5 and 7, who had 20° and 0° of motion,
espectively, in the involved PIP joint. The other 2
econstructed patients had negligible but unmeasured
ROM before surgery.
All 4 DIP joints fused successfully.
No specific problems were detected in the foot

Table 2). Patients were allowed to walk in a post-
perative stiff-soled shoe after 2 to 3 days. K-wires
ere removed at about 5 to 6 weeks. Patient 3

omplained of metatarsalgia at 2 months. This ini-
ially went unappreciated and responded to a short
ourse of rehabilitation and shoe insoles at 3 months.
t the latest visit (20 mo) this patient was working

ull time without any pain or limitation despite the
act that most of his work required standing. No other
igures 2 and 3 (patient 1). (A) Extension; (B) flexion.
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omplaint from the donor site was reported by any
atient. Patients rated the appearance of the donor site
ighly (Table 2). The American Orthopaedic Foot and
nkle Society questionnaire scores (maximum, 95)

anged from 85 to 95 (average, 93) (Fig. 5).
All patients were satisfied or very satisfied and

ould recommend the procedure to others. All re-
urned to their preoperative occupation at an average
f 93 days (range, 43–180 d). Patients 3 and 6 had
oncomitant damage to other parts of the hands.

iscussion
ony defects are a common problem for the hand

urgeon. Most can be dealt with by a nonvascularized
one graft.1–5,16,17

When the defect to be reconstructed is located in a
nger and there is the need for a vascularized bone
raft for any reason, the problem is that there are
irtually no donor sites. Cortical segments from long
ones—namely the radius,21 humerus,22 ulna,23,24

nd metatarsals25,26—have been transferred success-
ully to the hand. With some exceptions most of the
iterature is composed of case reports. The lack of
opularity of the use of vascularized bone graft, is
artly because the smaller the bone graft to be har-
ested, the more difficult it is to include its feeding
essels, making these bony transfers inconsistent
hen a small defect needs to be reconstructed. Only

mall bone blocks from the iliac crest and the medial
emoral condyle have been transferred to the hand
eliably.14,15,27 Unfortunately the skin component of
hose 2 flaps is too bulky for a finger. Vascularized
orticoperiosteal flaps have been suggested to avoid

igure 5. (A) Average and (B) worst donor site results (pa-
ients 3 and 4, respectively, at 1 year). Patient 4 still has some
car hypertrophy.
he problem of bulkiness and for better matching to t
he upper-limb bone defect.7,28–31 Even these, how-
ver, are too large for a finger defect.

The distal radius is a source of small corticocan-
ellous blocks. They have been used successfully to
reat difficult nonunion of the scaphoid, Kienböck’s
isease, and even phalangeal defects.32–34 A small
kin island can be included with the flap32,34 but the
kin at the wrist level has a much larger subcutaneous
anniculus than at the finger. Therefore this donor
ite also was disregarded.

Local flaps including bone from the head of the
etacarpals have been used by several surgeons35–37

or finger reconstruction. Although they can carry
kin they do not reach further distally than the prox-
mal phalanx, and the amount of skin is limited.

The blood supply to the toe phalanges has been
tudied by several investigators. Few toe proximal pha-
anges and none of the middle phalanges have an iden-
ifiable nutrient artery.38 The digital arteries, however,
lways provide tiny periosteal and capsular branch-
s39–41 in a manner somewhat similar to the arterial
istribution in the fingers.42 Two constant arcades en-
ircle the neck of the proximal phalanx and the base of
he middle phalanx39,40 whereas at the base of the
roximal phalanx branches derived from the plantar and
orsal digital arteries have been identified going into the
one.39,40 These anatomic vascular studies and the
ong-term results on vascularized joint transfers43,44

upport the reliability of this flap.
To decide which phalanx to harvest, in addition to

he needs of the defect to be reconstructed (cartilage,
kin) the length of bone required also should be taken
nto account: at times the middle phalanx is minute.

e always take preoperative x-rays of the affected
rea, the contralateral healthy hand, and the toes in
tanding position (to measure their length). Then
ith tracing paper the defect is measured and trans-
orted to the foot to decide which phalanx to har-
est.18 We have found the anatomic study by Gaul45

n the shape of the toes’ condyles extremely helpful
n cases of defects around the PIP joint.

The middle phalanx is the preferred donor site
ecause the pedicle will be longer. Before its take-off
rom the metatarsal arteries it is possible to dissect 3
o 4 cm of arterial pedicle. This usually is sufficient
o perform the anastomosis to a digital artery away
rom the immediate area of injury. Conversely the
roximal phalanx—particularly if the base is to be
arvested (as in patients 2, 3, 6)—yields a much
horter pedicle (1–2 cm of proper digital artery)
nless the dissection proceeds proximally on one of

he metatarsal arteries. Inclusion of the parent meta-
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arsal artery may not be beneficial because there
ould be major size discrepancies with the recipient
igital artery. This discrepancy may be enhanced if
he dorsal metatarsal artery is absent (Gilbert type
II46 [patient 6]) because in this case the first plantar
etatarsal artery would be too large to match a

roper digital artery of a finger.
Low et al47 showed that vascularized bone grafts

esist infection whereas similar nonvascularized seg-
ents suffer resorption when infected. An acutely

nfected case recurred 6 weeks after the surgery in
he distal graft–distal phalanx interface, probably as

consequence of an inadequate debridement of the
istal phalanx. The infection was controlled by de-
ridement, cancellous bone grafting, and a 4-week
ourse of intravenous antibiotics. The nonunion
ealed uneventfully, attesting to the robust blood
upply of the transferred toe phalanx.

A theoretic problem of such small bone grafts may
e insufficient outflow for the anastomosis, increas-
ng the risk for thrombosis.48 Neither our own expe-
ience on small free flaps taken from the toe nor
ong-term experience with vascularized joint trans-
ers support these fears.18,43,44 Nevertheless we al-
ays include a piece of skin and a small cuff of soft

issues and this may increase the vascular bed suffi-
iently to maintain adequate outflow. We have insuf-
cient data to support this policy but it seems rea-
onable not to skeletonize the artery or the vein in the
ery distal area, to avoid damaging the tiny branches
oing in and out from the bone.
The procedure has been safe in our experience,

ith no vascular crisis. The involved vessels, how-
ver, are rather small—in the supramicrosurgery
ange49—and this type of surgery may be thought

igure 6. Patient 4. (A) After debridement. A compound
efect on the ulnar side of the index finger 14 days after an open

racture–dislocation of the DIP joint resulted in infection and
oft-tissue necrosis. The radial neurovascular bundle is intact.
B) Flap design. (C) Six months after the reconstruction. The
onor site for this patient is shown in Figure 5B. SF, skin flap.
est reserved for busy microsurgical teams. Although 1
his may be true we should emphasize that the anas-
omosis is performed under ideal conditions—end-
o-end, flat surface, and superficial location—as in a
eplant. Furthermore one may accept a failure be-
ause the alternative at times is amputation (Fig. 6).
he loss in the event of failure is rather small (a
eformity on the second toe). The benefit well may
utweigh this risk.
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