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The Tibial Second Toe Vascularized
Neurocutaneous Free Flap for Major

Digital Nerve Defects
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Purpose: Most digital nerve defects can be reconstructed by means of nonvascularized nerve
grafts or artificial tubes, for example. When the bed is poor, the defect is long, or there is a
concomitant soft-tissue loss; however, a vascularized nerve graft may be a better option. Our
purpose is to introduce a method of 1-stage reconstruction of complex neurocutaneous
defects in the fingers and to report the results and clinical effectiveness at a minimum 1-year
follow-up period.
Methods: From 1997 to 2005 there were 6 consecutive patients who had a combined
soft-tissue and digital nerve defect reconstructed by a vascularized neurocutaneous flap from
the tibial (medial) side of the second toe. Three were acute and 3 were chronic cases. One
flap was used for the ulnar side of the thumb, 2 for the radial aspect of the index finger, 1 for
the radial of the small finger, and 2 for the ulnar side of the small finger. The nerve gap
averaged 4.2 cm, and the flap size averaged 3.2 � 2.1 cm. The flaps were revascularized with
standard microsurgical techniques to local vessels in the fingers. The nerves were sutured
with epineural stitches. A split-thickness skin graft was used to close the donor site of the toe.
Results: All flaps survived without complications. At the latest follow-up evaluation static
two-point discrimination (s2PD) averaged 8 mm on the pulp. Three patients had normal
sensation when tested with Semmes-Weinstein filaments. Subjective feeling was 78% of that
of the normal side. Five patients rated their feeling as excellent on a subjective scale. The
Disabilities of the Arm, Shoulder, and Hand questionnaire score averaged 5.
Conclusions: The tibial neurocutaneous second toe free flap is suitable for reconstructing a
missing nerve and soft-tissue defect in the finger. We found good functional recovery and
high satisfaction in this group of patients. The donor site morbidity has been minimal,
although delayed healing is common. (J Hand Surg 2007;32A:209–217. Copyright © 2007
by the American Society for Surgery of the Hand.)
Type of study/level of evidence: Therapeutic IV.
Key words: Microsurgery, neurocutaneous defects in fingers, complex nerve defect, vascu-
larized nerve grafts.
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digital nerve defect complicated by an asso-
ciated soft-tissue loss poses a reconstructive
challenge. Traditionally, combined defects

ave been dealt with in stages: first, coverage with a
ap and second, reconstruction of the nerve gap.1,2

his protocol entails a long recovery time and is
umbersome for the patient. In addition, the results of

onvascularized nerve grafting in scarred digital beds r
ave been uniformly poor.2–4 Furthermore, the cost
f treatment is increased because multiple surgical
rocedures are needed and the disability time is long.
On the other hand, several experimental studies5,6

ave shown the benefits of reconstructing nerve de-
ects by means of vascularized nerve grafts, particu-
arly when the bed is scarred. Clinically, Rose et al4,7
eported good results when reconstructing digital
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erves on scarred areas without concomitant soft-
issue defect by means of vascularized deep peroneal
erve segments.
This article presents a case series in which the tibial

medial) second toe vascularized neurocutaneous flap
as used for complex nerve–soft-tissue finger defects.
oft-tissue and digital nerve defects were recon-
tructed in 1 surgical setting with this flap. The
urgical technique and patient outcomes are detailed.

aterials and Methods
rom September 1997 to June 2005 we treated 6
onsecutive patients who had a combined digital
erve and soft-tissue defect by means of a neurocu-
anoeus flap taken from the tibial (medial) aspect of
he second toe (Table 1).

All were healthy adults with an average age of 37
ears (range, 29–46 y). There was 1 woman (patient 5).
atients 2, 3, and 5 were smokers (�1 pack/d). In 1
atient the defect involved the ulnar side of the
humb, in 2 the radial side of the index finger, in 1 the
adial side of the small finger, and in 2 the ulnar
spect of the small finger.

In 3 patients the defect was acute and was treated
s a delayed emergency (1–9 d after the injury). In
he other 3 patients the defect was chronic. Two
atients (patients 2, 4) were treated for correction of
ecurrent Dupuytren’s surgery performed elsewhere.
atient 5 was treated in an outlying institution for an
pparently benign wound in the volar aspect of the

Table 1. Demographics

Patient
Age,

y
Affected

Nerve/Finger Cause/Mechanism Mai

1 29 Radial/index Saw Neur
def

2 42 Ulnar/small Dupuytren’s Dystr

3 43 Radial/index Circular saw Neur
def

4 41 Ulnar/small Dupuytren’s PIP s
con

5 30 Radial/small Glass laceration Dystr

6 46 Ulnar/thumb Saw Neur
def

FDP, flexor digitorum profundus; FDS, flexor digitorum superficial
mall finger. Patients 2 and 5 had had 2 previous
nsuccessful surgeries for treating pain, and at the
ime they were not working and were labeled malin-
ers. Specifically, patient 2 claimed he could not grip

steering wheel, and patient 5 could not wash
lasses (she is a waitress) because of cold intoler-
nce. Both were involved in litigation; patient 2 was
nvolved in a malpractice suit. All but patient 4 were
overed under worker’s compensation.

No vascular study except unidirectional Doppler
canning on the foot and hand was performed. Smok-
rs were advised to quit for at least 4 weeks after the
urgery and, in the chronic case group, for 2 weeks
efore surgery.

urgical Procedure
e first operate on the hand to know the sizes of the

kin defect and the gap in the nerve. These are
easured and transferred to the second toe.
The flap is outlined on the medial side of the

econd toe (Fig. 1A). A full hemicircumference can
e elevated, but the size depends on the defect to be
econstructed. The flap is elevated under tourniquet
fter exsanguinations by elevating the foot. In prin-
iple, the procedure is similar to a standard toe har-
esting, but it is much easier because neither bone
or tendon are included. Some peculiarities need to
e highlighted. A subcutaneous vein first is isolated
hrough a dorsal zigzag incision to the proximal edge
f the flap. Through this same dorsal plane, usually in
he vicinity of the first web, the terminal branch of

lem Other
Previous
Surgery

Time From
Initial Insult

to Flap

eous — Debridement 3 d

pain Severe scarring and
contracture

Dupuytren’s
� 2

6 mo

eous FDS/FDP defect Simple
dressing

2 d

and
re

Lack of skin,
anesthesia ulnar
side

Dupuytren’s
� 2

3 y

pain Severe scarring and
contracture

Skin loss � 2
and
Z-plasties

13 mo

eous 50% lac FPL, radial
digital nerve
defect

Debridement 9 d

, flexor pollicis longus; lac, laceration.
n Prob

ocutan
ect
ophic

ocutan
ect
tiffness
tractu

ophic

ocutan
ect
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he deep peroneal nerve is located. If large enough
see Discussion) this is also tracked to the flap. Then
he most proximal and plantar aspect of the flap is
ncised, and the digital artery and nerve are isolated
nd traced proximally as needed, as in a standard
oe-to-hand dissection.

The distal aspect of the flap is then incised to
solate the digital nerve. For a comfortable neuror-
haphy later in the hand, several millimeters are
issected distally. When needed the artery can be
ncluded for a flow-through montage in the finger
only on 1 occasion in this series). Once all the

igure 1. Patient 3. (A) Design of the tibial neurocutaneous
econd toe flap (patient 3). (B) The flap once raised; the
igital nerve (N) has been highlighted by dots. The arrow
oints to a minute twig of the deep peroneal nerve that was
ot used in this case (see Discussion). A, first dorsal metatar-
al artery; V, subcutaneous vein.

Table 2. Surgical Details

Patient

Nerve
Graft Size,

cm
Flap Size,

cm
Artery Donor )

Recipient

1 2.5 2.7 � 1.6 FDMA ) CDA (e-s) R
2 6.0 3.0 � 2.3 FDMA ) Rad DA

(e-e)
U

3 3.5 3.6 � 2.1 FDMA ) CDA (e-s) R
4 5.2 4.1 � 1.9 FDMA ) CDA (e-s) U

5 3.8 3.0 � 2.2 MPDA ) Rad DA
(e-e)

U

6 4 2.7 � 2.5 MPDA ) Ulnar DA
(e-e)

U

CDA, common digital artery; DA, digital artery; DPN, terminal
FDMA, first dorsal metatarsal artery; MPDA, medial plantar (tibial

RDN, radial digital nerve, TDN, tibial (medial) digital nerve; UDN, ulnar
essels and nerves are isolated the flap is elevated
rom dorsal to plantar: first above the peritenon of the
xtensor, then the periosteum, and finally above the
exor pulleys. Great care should be taken to maintain
graftable bed on the toe. The nerves are cut distally

nd proximally, and the flap is pedicled only on the
roximal vessels. The tourniquet is then released, and
lood flow is assessed (Fig. 1B).
The nerve grafts varied from 2.5 to 6.0 cm. (aver-

ge, 4.2 cm.), and the flap averaged 3.2 � 2.1 cm in
ize (maximum length and width: 4.1 and 2.5 cm,
espectively; minimum length and width: 2.7 and 1.9
m, respectively) (Table 2). The flap is transferred to
he hand, and the nerves are sutured to the corre-
ponding stumps with standard microsurgical tech-
iques. For the neurorrhaphy of the digital nerve and
he terminal branch of the deep peroneal nerve, we
se 3 or 4 epineural stitches with both 9-0 or 10-0
ylon. A sizable deep peroneal nerve was found in 3
atients. The technique of arterial and vein repair and
he postoperative protocol has been reported recently8

Figs. 2, 3). Once patients started to appreciate some
ecovery of sensibility they were taught to palpate
lindly different tissue fabrics and coins to improve
he quality of their sensibility. No formal therapy was
iven, however.
Closure of the donor site is performed with a

plit-thickness skin graft taken from the instep of the
oot and tied over a bolus. Seven to 10 days later this
ressing is changed. Ambulation is allowed on the
econd to third postoperative day; intermittent foot
levation is recommended until healing (Fig. 4). Pa-
ients are discharged 4 to 6 days after the surgery
average, 5 d).

Digital Nerve

Deep
Peroneal

Nerve
Admission,

d
Donor

Site

TDN ) RDN N/A 6 —
TDN ) UDN UDN ) DPN 4 Delayed

healing
TDN ) RDN N/A 6 —
TDN ) UDN N/A 6 Delayed

healing
TDN ) UDN UDN ) DPN 4 Delayed

healing
TDN ) UDN UDN ) DPN 5 —

of the deep peroneal nerve; e-e, end-to-end; e-s, end-to-side;
l artery; N/A, not available (see text for further details; Rad, radial;
Tibial

DN )
DN )

DN )
DN )

DN )

DN )

branch
) digita
digital nerve.
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utcome Studies
he flap, surgical findings, incidences, and compli-
ations data were obtained from the patients’ charts.

At the last postoperative follow-up visit a final
eurologic assessment was performed. For objective
xamination, standard tests for assessing sensibility—
oving-two-point discrimination (2PD), static-2PD,

nd Semmes-Weinstein monofilaments (2.83, 3.61,
.31, 4.56, 6.65)—were performed. The sensibility
as explored on the autonomous zone of each finger

terminal volar pad on the side of the injured nerve)
hile the patient’s eyes were closed. The flap sensi-
ility also was studied, and all were compared with
he normal pulp.

The results were measured subjectively in 2 ways.
irst, patients graded their perceptions of feeling on

he damaged area compared with the healthy side

igure 3. Patient 3. The pliability of the flap can be appreciated

igure 2. Patient 3. (A) The defect on the radial side of the in
erve. The flap is retracted ulnarly. (C) Five years after surge
n this functional result 5 years after the reconstruction.
0%, none–100%, normal). Then, as recommended
y Goldie et al,9 a visual analog scale (VAS) was
sed to grade patients’ assessments of pain, fine
ouch, temperature, discomfort in cold weather, and
tiffness of the finger. For each of these, normal was
llotted a value of 10 points, giving a maximum
core of 50 points (Goldie et al scale).9

Patients were asked to complete the Disabilities of
he Arm, Shoulder, and Hand questionnaire10 after
urgery. They were also asked to assess the cosmetic
spect of the donor site using a VAS (0, very ugly–
0, normal) and to report any functional limitation
hat the donor area may have caused. To evaluate
he morbidity of the donor site the American Ortho-
aedic Foot and Ankle Society questionnaire for
esser toes was also provided.11 Because of the lim-
ted sample size no statistical analysis could be per-
ormed.

esults
ll flaps survived without vascular complications

nd healed primarily. Range of motion exercises
ere started 7 to 10 days after the surgery except in
atient 3, who had a flexor injury on the same finger

ger. (B) The nerve gap has been spanned by the tibial digital
) Extension. (B) Flexion.
dex fin
Figure 4. Patient 3. The donor site at 5 years.
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nd was kept splinted for 3 weeks. Patient 3 had a
exor tenolysis 1 year after the surgery to improve
is range of motion at the distal interphalangeal joint.
atient 4 had a flexor contracture at the proximal

nterphalangeal (PIP) joint of the surgically treated
nger as a result of a recurrence of Dupuytren’s
ontracture. No other surgery has been performed on
ny hand.

Patients resumed their previous occupations with-
ut limitations at an average of 96 days after surgery.
f we exclude patient 5 (discussed later), all went
ack to work in less than 3 months.
Final assessments of results were performed at a
ean of 4 years (range, 10 years maximum, 1 year
inimum) after the surgery (Table 3). Objective re-

ults were as follows. Moving 2PD averaged 5 mm
n the flap and 5 mm on the pulp. Static 2PD aver-
ged 7 mm on the flap and 8 mm on the pulp. Four
atients felt the 2.83 monofilament on the flap and 3
elt it on the pulp (normal sensation).

Subjectively, sensibility perception on the pulp
veraged 78% compared with the normal side (range,
0%–92%). None of the patients had stiffness, except
or the patient whose Dupuytren’s recurred. None of
he patients had cold intolerance on the hand or the
onor site. (We live in a mild Atlantic weather–type
rea where the temperature is only occasionally be-
ow 0°C in wintertime, and our experience might not
e similar to that in colder climate areas. It should be
mphasized, however, that both dystrophic patients
2, 5) had severe cold intolerance before surgery. On
he Goldie et al9 subjective scale, 4 patients scored
xcellent (41–50 points) and 2 good (31–40 points)
see Table 4). Patients averaged a score of 5 on the
isabilities of the Arm, Shoulder, and Hand ques-

ionnaire, but one of them scored 16. This patient
ecently had surgery elsewhere for a Dupuytren’s
ontracture on the contralateral left hand and was
isappointed with the result on the left hand (Table 3).

Partial graft loss on the foot occurred in 3 patients.
n 2 the loss was minor and healed by secondary
ntention with home daily dressings in 4 to 6 weeks.
atient 5 had a loss of nearly all the skin graft and

nitially refused a second skin grafting under local
nesthesia. Four months later, she accepted a second
kin grafting, which took fully. All patients had been
mbulating since postoperative day 7, including pa-
ient 5. No differences were reported by patients
hose donor site healed primarily versus those who
ealed secondarily at the latest follow-up evaluations
egarding pain or cosmetic deformity on the foot.

verall, patients rated foot appearance as 9 on a
 T P A
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AS. Patient 3 had an amputation of the distal pha-
anx of the large toe for an acral melanoma 4 years
fter the neurocutaneous flap. This lesion did not
xist at the time of the initial surgery and was treated
lsewhere. Despite this, the patient has no complaint
egarding the donor foot and scored 100 on the
merican Orthopaedic Foot and Ankle Society ques-

ionnaire.

iscussion
ccasionally the surgeon has to deal with a com-
ined loss of palmar soft tissues and a digital nerve
efect. Scerri et al12 presented a modification of a
-Y flap to bridge combined neurocutaneous defects
f up to 1 cm in the fingers. For larger defects, the
lassic way of dealing with this combined injury is a
-stage procedure: a local flap and a secondary in-
erpositional nonvascularized nerve graft harvested
rom the forearm.1,13,14 We were not satisfied with
his classic approach because it requires 6 or more
onths for some sensibility to be restored. Poor

esults have been reported.2–4 This is not surprising
ecause a nerve graft obtains its nutrients and revas-
ularizes from the recipient bed,15 and in this setting
he bed will be scarred.

Several investigators16 –19 have advocated vas-
ularized nerve graft when long gaps need to be
ridged or when the recipient bed is poorly vascu-
arized. Unfortunately most available vascularized
erve graft donor sites that can be combined with a
kin flap16–20 are not appropriate for a digit defect.
irst, the morbidity on the donor site might far out-
eigh the benefit of restoring a digital nerve, and

econd, the skin carried is so thick that at best it is
nly appropriate for palmar defects.17,20,21

Koshima et al22 refined the Rose and Kowalski4

eep peroneal vascularized nerve graft to include the
kin overlying the first web for reconstructing a neu-
ocutaneous defect in the finger. They reported good

Table 4. Detailed Results of the Scale of Goldie Et

Patient Pain Fine Touch Temperature

1 10 10 10
2 10 10 10
3 9 7 9
4 9 6 10
5 10 10 10
6 9 6 8

Goldie et al devised a scale to grade subjectively the sensory result
of pain, fine touch, temperature, discomfort in cold weather, and s
points, giving a maximum score of 50 points. Excellent, 41–50; go
linical results in a patient. This flap has several h
rawbacks, however. Foremost is the fact that the
kin-grafted web can be a source of major morbid
ty23,24; second, the skin flap does not adhere to the
one, and during grasping and gripping it will be
nstable. Finally, the anatomic variations are quite
ommon at the first web level, and the nerve can
ravel far from the nutrient vessels,25,26 making the
ap unusable.
To deal with a more consistent flap we decided to

se the tibial side of the second toe and use the tibial
igital nerve as an interposed vascularized nerve
raft.27,28 The tibial neurocutaneous free flap fulfills
ll the requirements set for an ideal nerve graft by
aylor and Ham16 and del Piñal and Tayor29: con-
tant anatomy, minimal functional loss after the
erve has been used, and a dependable blood supply
aralleling the nerve over a long distance. The flap
as a dual innervation: plantarly from the tibial (me-
ial) digital nerve and dorsally from the terminal
ranch of the deep peroneal nerve. In every case the
ibial digital nerve was consistent, proximally and
istally, and could be sutured as a vascularized nerve
onduit graft. Conversely, the terminal branch of the
eep peroneal nerve could never be isolated on the
istal aspect of the flap, and in some cases it was
educed to a minute twig proximally, not amenable to
uturing, and was not included. Although the sample
s small, the flap sensibility was the same in both
roups. We hypothesize that as is the case for the
rteries of the dorsum of the foot and toes, there is a
ind of competition among the plantar (posterior
ibial nerve) and dorsal (deep peroneal nerve) ner-
ous systems and that the territories overlap.
Three of our patients had acute surgery for a

ombined soft-tissue–nerve defect, and the other 3
ad surgery several months after the originating
vent. In 2 of the 3 chronic patients (2, 5), incapac-
tating dystrophic pain was the main issue. Patient 2

ld Intolerance Stiffness Total Outcome

10 10 50 Excellent
10 10 50 Excellent
10 9 42 Excellent
10 2 37 Good
10 10 50 Excellent
9 8 40 Good

igital nerve repairs. A VAS was used to grade patients’ assessment
of the finger. For each of these, normal was allotted a value of 10
–40; fair, 21–30; poor, 0–21.
Al9

Co

s after d
tiffness
ad had surgery for Dupuytren’s disease on 1 occa-
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ion and patient 5 for a simple laceration. Secondary
urgery elsewhere for controlling postoperative pain
esulted in an increase in both pain and digital con-
racture (flexion contracture at the PIP joint of 60°
patient 2] and 80° [patient 5]). Patient 2 had been to
pain clinic and was receiving treatment. Explora-

ion in both patients showed that the nerves were
acerated and were densely embedded in restrictive
carring from the proximal phalanx to the DIP joint.
oncomitant soft-tissue loss was evident once the
nger was extended (Fig. 5). Radical excision on the
carred tissue and transplantation of well-vascular-
zed tissue have been successfully used in the setting
f dystrophic pain secondary to adherent nerves.30

he tibial second toe neurocutaneous flap seems a
easonable alternative to promote primary nerve
ealing and avoid nerve adhesions.
In the final chronic case (patient 4) the flap was

sed for treating a case of second recurrence of
upuytren’s contracture (third surgery). The purpose
f the flap was to address a condition in which
esidual scarring did not provide a suitable bed for
erve grafting. Despite full correction of the defor-
ity in the early postoperative period, the contrac-

ure recurred (90° in the PIP joint in the last visit).
Considering our mixed results in treating severe

ecurrent Dupuytren’s disease, we cannot recom-
end use of this flap until we gain more experience.
or us, its role is now limited to the situation of
evere contracture in the setting of an ungraftable bed
nd/or the need for pulley or nerve gap reconstruc-
ion.

At the time of flap planning, the surgeon should
ake care to account for the defect’s location to avoid

igure 5. Patient 5. (A) Status after a simple laceration with
urgery performed on 2 occasions (one for treating the dys-
rophic pain). Note blanching on the skin during traction with
n instrument, attesting to the soft-tissue shortage. (B) Recre-
tion of the true soft-tissue defect. Neuroma and glioma
nder yellow backgrounds. (C) Extension at 18 months and
ap highlighted by dots.
angerous crossover of vessels and nerves. This fact h
ay be behind some of the problems Macionis27

eported in his case. As a rule, radial digital defects
hould be reconstructed with homolateral toe flaps
nd ulnar digital nerves with contralateral flaps. The
ap is relatively easy to raise and with experience
an be elevated in 30 to 45 minutes. The only critical
spect during harvesting is the need to isolate and
igate two constant but tiny arterial branches of the
igital artery that are located just proximal and distal
o the toe’s PIP joint (Fig. 6).28 After a very short
ourse from its origin these branches dive deep into
he tendon sheath, and they are equivalent to the
roximal and middle transverse digital arteries of a
nger.31 We have moved over the years from the

arge vessels (first dorsal metatarsal artery) to the
maller digital arteries. This entails some more mi-
rosurgical difficulties, but the procedure is more
xpeditious because the dissection is much faster.
Surgery in our last 2 patients was completed in less
han 3 hours for the whole procedure).

The objective results in this series are similar to
hose reported for single neurorrhaphy or when pri-
ary nerve graft has been performed.1,9,13,14 Our

igure 6. The course of the digital artery has been marked by
ots on the deep surface of a tibial second toe neurocutane-
us flap. The critical deep branches diving into the flexor
heath have been highlighted by arrows (the proximal branch
as already been ligated). The subcutaneous draining vein (V)
nd the deep peroneal branch (DPN) to the flap (arrowheads)

ave been marked proximally.
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esults, however, are much better than when a flap
as been used and the nerve secondarily recon-
tructed or when grafts were placed directly on
carred beds.2,3,5 In those circumstances most pa-
ients did not recover 2-point discrimination, and/or
eferred pain, and/or cold intolerance.

Rose and Kowalski4 reported slightly worse re-
ults in 5 patients who had a vascularized deep per-
neal nerve graft under quite similar conditions to
ur patients. This may be explained in part because
hey reconstructed a slightly larger defect and also
ecause there was a longer delay from the injury to
he reconstruction. Their flap, however, did not have
enous outflow “as no veins were available in the
alm,”4 and they relied on compensation via flow-
hrough on the arterial side. It is impossible to
now, then, if venous infarct on the transplanted
erves has occurred, and if so, how this fact has
ffected the results. Our neurocutaneous flap re-
uired an efficient outflow to avoid necrosis. To
vercome the absence of appropriate veins on the
alm mentioned by Rose and Kowalski,4 wherever
ecessary we use the following artifice: a channel
s made bluntly with Metzenbaum scissors in the
ppropriate intermetacarpal space, and a silicone
ube (taken from an intravenous line) is passed
hrough this tunnel. Now, by attaching the vessel
o the end of the tube and pulling through, the vein
ould pass dorsally, thus permitting a comfortable
enous anastomosis to be performed there. With
his artifice large distances can be spanned without
he need to open the skin.

Based on our experience and results we believe that
he tibial second toe neurocutaneous flap has a role in
he management of complex defects in the fingers. It is
est indicated when the defect involves a critical sen-
ory area (ulnar side of the thumb, radial side of index
r opposing finger, ulnar pulp of the small finger). In
ur opinion, however, it also has a major role in cases
f severe chronic scarring after multisurgery and dys-
rophic pain in any given finger. The flap is not suitable
or spanning long nerve defects (longer than 6 cm), for
hich other vascularized grafts may be indicated.16–20

he procedure also has the drawback that microsurgical
kills and familiarity with dissection of small vessels
re required. Needless to say, we believe that other
ess-involved procedures—local flaps plus nonvascular-
zed nerve grafts or conduits32,33 or even cross-nerve
uturing34—should be favored for the less vital acute
eurocutaneous defects such as those on the central
ngers, radial part of the small finger, or ulnar part of
he index finger. 1
eceived for publication August 14, 2006; accepted in revised form No-
ember 14, 2006.

No benefits in any form have been received or will be received from
commercial party related directly or indirectly to the subject of this

rticle.
Corresponding author: Dr. Francisco del Piñal, Dr. Med., Calderón de

a Barca 16-entlo., E-39002-Santander, Spain; e-mail: drpinal@drpinal.
om, pacopinal@ono.com.

Copyright © 2007 by the American Society for Surgery of the Hand
0363-5023/07/32A02-0011$32.00/0
doi:10.1016/j.jhsa.2006.11.006

eferences
1. Birch R. Nerve repair. In: Green DP, Pederson WC, Hotch-

kiss RN, Wolfe SW. Green’s operative hand surgery.
Philadelphia: Elsevier, 2005:1075–1112.

2. Doi K, Tamaru K, Sakai K, Kuwata N, Kurafuji Y, Kawai S.
A comparison of vascularized and conventional sural nerve
grafts. J Hand Surg 1992;17A:670–676.

3. Beazley WC, Milek MA, Reiss BH. Results of nerve graft-
ing in severe soft tissue injuries. Clin Orthop 1984;188:208–
212.

4. Rose EH, Kowalski TA. Restoration of sensibility to anes-
thetic scarred digits with free vascularized nerve grafts from
the dorsum of the foot. J Hand Surg 1985;10A: 514–521.

5. Koshima I, Harii K. Experimental study of vascularized
nerve grafts: multifactorial analyses of axonal regeneration
of nerves transplanted into an acute burn wound. J Hand
Surg 1985;10A:64–72.

6. Kanaya F, Firrell J, Tsai TM, Breidenbach WC. Functional
results of vascularized versus nonvascularized nerve graft-
ing. Plast Reconstr Surg 1992;89:924–930.

7. Rose EH, Kowalski TA, Norris MS. The reversed venous
arterialized nerve graft in digital nerve reconstruction across
scarred beds. Plast Reconstr Surg 1989;83:593–604.

8. del Piñal F, García-Bernal JF, Delgado J, Sanmartín M,
Regalado J, Cagigal L. Vascularized bone blocks from the
toe phalanx to solve complex intercalated defects in the
fingers. J Hand Surg 2006;31A:1075–1082.

9. Goldie BS, Coates CJ, Birch R. The long term result of
digital nerve repair in no-man’s land. J Hand Surg 1992;
17B:75–77.

0. Rosales RS, Delgado EB, Diez de la Lastra-Bosch I. Eval-
uation of the Spanish version of the DASH and carpal tunnel
syndrome health-related quality-of-life instruments: cross-
cultural adaptation process and reliability. J Hand Surg
2002;27A:334–343.

1. Espinar Salom E. Sistemas de valoración de los resultados
clínicos en la cirugía del pie. In: Núñez-Samper Pizarroso M,
Llanos-Alcázar LF, Viladot Pericé R, eds. Técnicas quirúr-
gicas de cirugía del pie. Barcelona: Masson, 2003:361–370.

2. Scerri GV, Park AJ, Hurren JS. A flap for segmental loss of
a digital nerve. The Venkataswami flap revisited. J Hand
Surg 1995;20B:532–534.

3. McFarlane RM, Mayer JR. Digital nerve grafts with the
lateral antebrachial cutaneous nerve. J Hand Surg 1976;1:
169–173.

4. Nunley JA, Ugino MR, Goldner RD, Regan N, Urbaniak JR.
Use of the anterior branch of the medial antebrachial cuta-
neous nerve as a graft for the repair of defects of the digital
nerve. J Bone Joint Surg 1989;71A:563–567.
5. Prpa B, Huddleston PM, An KN, Wood MB. Revascular-



1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

del Piñal et al / The Tibial Second Toe Neurocutaneous Free Flap 217
ization of nerve grafts: a qualitative and quantitative study of
the soft-tissue bed contributions to blood flow in canine
nerve grafts. J Hand Surg 2002;27A:1041–1047.

6. Taylor GI, Ham FJ. The free vascularized nerve graft. A
further experimental and clinical application of microvascu-
lar techniques. Plast Reconstr Surg 1976;57:413–426.

7. Doi K, Kuwata N, Kawakami F, Tamaru K, Kawai S. The
free vascularized sural nerve graft. Microsurgery 1984;5:
175–184.

8. Gilbert A. Vascularized sural nerve graft. Clin Plast Surg
1984;11:73–77.

9. Koshima I, Okumoto K, Umeda N, Moriguchi T, Ishii R,
Nakayama Y. Free vascularized deep peroneal nerve grafts.
J Reconstr Microsurg 1996;12:131–141.

0. Katsaros J. Indications for free soft-tissue flap transfer to the
upper limb and the role of alternative procedures. Hand Clin
1992;8:479–507.

1. Tang YB, Chen HC. Dorsalis pedis flap with vascularised
nerve graft for simultaneous reconstruction of palm and
digital nerves. Br J Plast Surg 1990;43:494–496.

2. Koshima I, Murashita T, Soeda S. Free vascularized deep
peroneal neurocutaneous flap for repair of digital nerve
defect involving severe finger damage. J Hand Surg 1991;
16A:227–229.

3. Willemart G, Kane A, Morrison WA. Island dorsalis pedis
skin flap in combination with toe or toe segment transfer
based on the same vascular pedicle. Plast Reconstr Surg
1999;104:1424–1429.

4. Samson MC, Morris SF, Tweed AEJ. Dorsalis pedis donor
site: acceptable or not? Plast Reconstr Surg 1998;102:1549–

1559.
5. Gilbert A. Composite tissue transfer from the foot: anatomic
basis and surgical technique. In: Daniller AJ, Strauch B, eds.
Symposium on microsurgery. St Louis: Mosby, 1976:230–
242.

6. May JW Jr, Chait LA, Cohen BE, O’Brien BM. Free neu-
rovascular flap from the first web of the foot in hand recon-
struction. J Hand Surg 1977;2:387–393.

7. Macionis V. Dorsolateral toe flap as a neurovascular graft
carrier in finger reconstruction. J Reconstr Microsurg 1999;
15:343–346.

8. del Piñal F. The indications for toe transfer after ‘‘minor’’
finger injuries. J Hand Surg 2004;29B:120–129.

9. del Piñal F, Taylor GI. The venous drainage of nerves;
anatomical study and clinical implications. Br J Plast Surg
1990;43:511–520.

0. Holmberg J, Ekerot L. Post-traumatic neuralgia in the upper
extremity treated with extraneural scar excision and flap
cover. J Hand Surg 1993;18B:111–114.

1. Strauch B, de Moura W. Arterial system of the fingers.
J Hand Surg 1990;15A:148–154.

2. Weber RA, Breidenbach WC, Brown RE, Jabaley ME, Mass
DP. A randomized prospective study of polyglycolic acid
conduits for digital nerve reconstruction in humans. Plast
Reconstr Surg 2000;106:1036–1045.

3. Battiston B, Geuna S, Ferrero M, Tos P. Nerve repair by
means of tubulization: literature review and personal clinical
experience comparing biological and synthetic conduits for
sensory nerve repair. Microsurgery 2005;25:258–267.

4. Voche P, Ouattara D. End-to-side neurorrhaphy for defects
of palmar sensory digital nerves. Br J Plast Surg 2005;

58:239–244.


	The Tibial Second Toe Vascularized Neurocutaneous Free Flap for Major Digital Nerve Defects
	Materials and Methods
	Surgical Procedure
	Outcome Studies

	Results
	Discussion
	References


