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Introduction

Amputation of the pulp of the fingers and thumb 
is a frequent injury in a hand surgeon’s daily 
clinical practice. The hands are the second most 
vascularized and innervated region of the body 
after the face, thus allowing for multiple flaps 
to treat them. However, sometimes, because of 
the size, sensitivity, and aesthetic characteristics, 
pulp defect reconstructions need specific tissue 
supply from a region other than the hand. Due 
to its similar characteristics, the foot is the most 
suitable donor site for these tissue transfers.

Treatment of Fingertip Injuries

The basic objectives for the treatment of finger-
tip injuries are preserving the length of the digit 
when possible, and providing soft tissue cover-
age with protective sensation at a minimum and a 
painless fingertip [1]. There is a wide diversity of 
treatment options based on the characteristics and 
nature of the lesion (one of the most important is 
the size), the physical demands and preferences 

of the patient, and the expertise of the treating 
surgeon and the health-care system. Manage-
ment varies from healing by secondary intention 
to complex reconstruction or even replantation.

For lesions with pulp loss and no distal bone 
exposure, management options include primary 
closure, healing by secondary intention, skin 
grafting, and even completion amputation. When 
adequate soft tissue coverage is available volarly, 
primary closure or healing by secondary intention 
is preferable. Recovery of sensation after the lat-
ter has been found to be superior to other surgical 
methods, and two-point discrimination (2PD) ap-
proaches normal after healing, but the lesion needs 
several months for complete cicatrization. [1]

When there is bone exposure and no volar soft 
tissue coverage available, these injuries are can-
didates for pulp reconstruction, as long as 5 mm 
of nail bed distal to the lunula is preserved (as 
this amount of nail remains both aesthetic and 
functional) [2]. The use of flaps in such instances 
provides an important tool for coverage when 
more simple measures are inadequate [3].

Depending on the size of the defect, the pulp 
can be reconstructed using local, regional, distant 
flaps, or free tissue transfers. Local flaps restrict 
donor morbidity to the same injured digit, and 
furnish tissue coverage nearly identical in qual-
ity to the lost tissue, so sensation, aesthetic, and 
functional recovery are optimal; but they are lim-
ited in size and distance of transfer.For transverse 
or dorsal oblique amputations that need less than 
1 cm of tissue advance, the Atasoy–Kleinert V–Y 
flap [4] is the best option for all digits.
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The Kutler lateral V–Y flap [5] is better suited 
for volar oblique amputations that have more tis-
sue loss volarly than dorsally, but also it can be 
used for transverse amputations [1] as long as the 
advancement needed is less than 3–4 mm.

In the case of the thumb, one flap that has dem-
onstrated good sensation recovery, but inferior 
aesthetic recovery is the Moberg flap [6]. This 
can be used when a defect is < 2 cm and a V–Y 
advancement flap cannot provide adequate cover-
age.

It is true that other advancement flaps such 
as the step-advancement island flap and/or the 
oblique triangular neurovascular advancement 
flap allow more distance of advancement and 
they are also sensate flaps, but these are based on 
only one neurovascular pedicle, wherewith the 
sensation recovery would not be as good as other 
options that provide two pedicles. Some authors 
have reported what, in their opinion, are good re-
sults using homodigital transposition flaps such 
as the reverse digital artery island flap [7]. How-
ever, these flaps sacrifice one digital artery, in-
volve extensive dissection, are prone to conges-
tion, and result in abnormal sensation [8] since 
they are not neurosensory flaps.

When local flaps are inadequate, it is popular 
to use regional flaps such as the cross-finger flap 
and the thenar flap, or distant flaps such as the 
groin flap, chest flap, and cross-arm flap.

One must differentiate between the basic ob-
jective of the treatment and the best treatment. 
The fact that one treatment is technically easier, 
more reliable, or saves time or money does not 
make it the best option.

These very popular regional and distal flaps, 
because of their simplicity and reliability, have 
major drawbacks that should not be obviated: 
The cross-finger flap is a two-stage procedure, 
insensate nonglabrous skin is used, fingers are 
held in an awkward position and immobilized 
for 2–3 weeks, and a second digit is violated as a 
donor site. The thenar flap provides glabrous skin 
cover but otherwise shares the same problems as 
the cross-finger flap [8]. The same occurs with 
distant flaps, that in addition to being insensate 
flaps, rely on donor-site blood supply while the 
flap incorporates and can lead to stiffness sec-

ondary to the prolonged period of immobilization 
required for healing [1].

An excellent alternative to these flaps is the 
free flap or free tissue transfer, a procedure in 
which soft tissue with or without bone is harvested 
with its vascular pedicle and transferred to a re-
cipient site, where the pedicle is anastomosed to 
local vessels, thus vascularizing the tissue [9].

Although using free tissue transfer flaps can 
involve breaking the guidelines of the recon-
structive ladder, it is justified in select cases since 
the ideal objectives of fingertip coverage can be 
reached: highest sensory, functional, and aes-
thetic recovery, and avoiding the aforementioned 
disadvantages of simpler flaps. In addition, it 
has been demonstrated that free tissue transfer 
success rate in experienced hands approaches 
99 %, whereas local or regional flaps can be less 
successful because of initial damage to regional 
soft tissues. [10] We concur as Dr. Levin [10] 
reported in 2008, that frequently local flaps are 
used by individuals without microsurgical skills 
when a free flap is the best treatment. Local flaps 
are often damaged because of compromised in-
flow and outflow, therefore these patients will 
need a second and more complex operation, mor-
bidity will be prolonged and will compromise the 
finger which finally often needs to be salvaged 
by free tissue transfer.

The interest in transplanting autologous tissue 
peaked and the earliest free flaps were described 
in the 1970s. However, the failure rate was high 
due to the complexity of the anatomy and that the 
field of autologous tissue transplantation was in 
the early stages of development. Pioneers such 
as Buncke, Acland, Shaw, and Tamai popular-
ized the free tissue transfer for use in extremity 
trauma. Over the next 10 years, a variety of com-
posite flaps evolved. But it was in the 1980s and 
1990s when, with microsurgical evolution, new 
skin flaps were identified based on defined vas-
cular territories, the evolution of perforator flaps, 
and the increased success of flaps. This expanded 
horizons for extremity reconstruction [10].

For fingertip repair, not every free flap can 
be used. Standard free flaps are too bulky, or not 
durable or sensate enough. Only flaps that allow 
ideal outcomes of fingertip reconstruction should 
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be used, like the ones that [4]: restore grasping 
function without slippage [11], restore the contour 
of the pulp with glabrous skin and no bulging mass 
[12], are strong enough to withstand friction [13], 
provide sufficient soft tissue for a cushion effect 
[14], and have sufficient sensory acuity for fine 
manipulation (discriminating sensibility) [15]. To 
accomplish these goals, several small free flaps 
have been developed in the last few years, although 
not all of them meet expectations. The most popu-
lar small flaps for fingertip coverage are:

•	 Thenar free flap
•	 Free flap from the flexor aspect of the wrist
•	 Arterialized venous flap (AVF)
•	 Posterior auricular free flap
•	 Free medialis pedis flap
•	 Free medial plantar artery perforator flap 

(MPAP)
•	 Great and second toe pulp neurovascular flaps

All provide glabrous or hairless skin coverage. 
The aesthetic similarity and functional capacity 
of tissue transfers from the foot are unrivaled. 
However, when patients refuse a flap from the 
foot, or they are not indicated (i.e., athletes), the 
other flaps offer acceptable outcomes.

The Thenar Free Flap

The free thenar flap combines a good match of the 
skin components (thick skin of similar glabrous 
texture and color to that of the digits) with the 
freedom of a free flap transfer when patients will 
not accept any transfer of tissue from the foot and 
local flaps are not indicated. It can be nourished 
by the radial digital artery of the thumb, as it was 
first used as a free flap by Tsai in 1991 [16], by 
the radial artery [17], or by the superficial palmar 
branch of the radial artery (SPBRA) [17–19], as 
is the free flap from the flexor aspect of the wrist. 
The most frequently used artery is the SPBRA, 
which offers a perfect match size for anastomosis 
to the digital artery.

Venous drainage is based on the volar superfi-
cial veins of the thenar eminence or the venae co-
mitantes of the artery itself. The sensibility of this 

area is mainly provided by the sensory branch of 
the radial nerve, which may be overlapped by the 
antebrachial cutaneous nerve [19].

Operative Technique
The first step consists of identification of the 
radial artery and the origin of its volar branch. 
This branch can be confirmed preoperatively by 
using a Doppler flowmeter. To locate them intra-
operatively, the skin must be incised for 2–3 cm 
in a slightly angled fashion at the wrist crease. 
Sometimes, a perforator rising from the radial 
artery, distinct from the volar artery and supply-
ing directly the thenar region, can be found. In 
this situation, the flap can be based exclusively 
on this perforator. Its origin is about 3 cm proxi-
mal to the wrist crease. For this reason, the initial 
incision is addressed to first find this branch [19].

If it is not available or the diameter is too small, 
we recommend moving 1–2 cm distally to isolate 
the SPBRA with one or two venous branches that 
run parallel to or across the SPBRA toward the 
thenar eminence. In addition, there are several 
branches of the antebrachial nerve radial to the 
SPBRA and they distribute to the thenar emi-
nence. The design of the flap can be adapted so 
that the flap includes the terminal part of these 
branches [18]. Other authors do not include sen-
sory branches in their dissections or include other 
nerve branches such as the palmar branch of the 
superficial radial nerve. After dissection of all 
these structures the flap can be elevated and then 
the SPBRA is sutured to the digital artery, the 
veins sutured to the dorsal digital veins and the 
nerve to the digital nerve in an end-to-end fashion.

The main indication for the thenar free flap is 
for the patient who would rather not sacrifice soft 
tissue from the foot when other local flaps are 
not usable.

Advantages of this flap are that it requires 
minimal dissection, the sacrifice of a nondomi-
nant artery, and the thickness and glabrous tex-
ture offer an optimal stability in palmar pinch. 
[17]

The main disadvantages are the possibility of 
an enlarged scar in the donor area, potentially un-
pleasant, and the variability of sensory recovery. 
For small skin defects, it has been reported that 
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even without neurorrhaphy, the pedicled thenar 
has high possibilities to recover spontaneous 
reinnervation better than very popular regional 
flaps (i.e., cross-finger flaps). This is supposed to 
be a consequence of the higher presence of sen-
sory receptors in the thenar area [20].

Free Flap from the Flexor Aspect of the 
Wrist

The distal portion of the flexor aspect of the 
forearm has been used as the donor site of sev-
eral kinds of flaps. Sakai [21] described a free 
flap harvested from the flexor aspect of the wrist 
based on the SPBRA, with the intention of pro-
viding a thin, pliable, and hairless coverage for 
the fingertip without sacrificing the radial artery 
(what other traditional flaps from the forearm 
do).

This flap can incorporate a portion of palmaris 
longus and/or the palmar cutaneous branch of the 
median nerve to be used as a vascularized tendon 
and/or nerve graft for other defects of the hand 
and digits, but it is a non-innervated flap. This 
must be taken into account while reconstructing 
fingertips.

Results in sensibility obtained in the pulp 
using this flap have been compared with other 
frequently used nonglabrous local flaps, and 
seem to be similar (between 9 and 11 mm). The 
explanation for these acceptable outcomes given 
by some authors is that this flap is very thin and 
is applied to a sensitive area [22].

The operative technique for harvesting the 
flap follows Sakai’s instructions: The flap is 
drawn transversely, with its palmar side along 
the distal wrist crease, so that the donor site can 
be closed easily and primarily. As for the drain-
ing vein, one or two subcutaneous small veins of 
sufficient length are marked from the flap to the 
proximal portion of the forearm. First, the skin 
incision is made down to the level of the radial 
artery to confirm the origin of the SPBRA. The 
skin incision is then deepened to the muscles and 
tendons along the margins of the flap. On the 
proximal side of the forearm, one or two sub-
cutaneous veins of adequate size and length are 

chosen for drainage, and others are ligated. The 
flap is then raised over the muscles and tendons. 
At the distal wrist region or the thenar site, the 
SPBRA running into the palm is ligated and cut 
to the length that will be needed. The flap is then 
ready to be elevated and transferred. The donor 
defect is closed primarily.

The wrist flexor aspect free flap can be an in-
teresting alternative for treatment, although lack 
of sensation and donor-site scar characteristics 
(which should be left in the distal wrist crease, 
otherwise it may suggest the wound is self-in-
flicted) are important drawbacks [21] (Fig. 8.1).

Arterialized Venous Flaps

Venous flaps are those in which the primary 
blood supply enters and exits the flap through 
the venous system. The exact vascular circuit or 
mechanism of physiologic nutrition, however, re-
mains unclear [23].

There are several clinical applications for 
them in the reconstruction of hands and fingers 
when conventional flaps are limited or unavail-
able [24]. They can be used as pedicled venous 
flaps, free venous perfusion flaps, free arterial 
perfusion (arterialized) venous flap, and inner-
vated AVF for different goals such as resurfac-
ing soft tissue defects, skin and vascular defects, 

Fig. 8.1   Free flap from the flexor aspect of the wrist. 
SBPRA superficial palmar branch of the radial artery, 
PCBMN palmar cutaneous branch of the median nerve, 
SCV subcutaneous vein
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reconstruction of circumferential injuries, and, of 
course, for fingertip reconstruction.

Several classifications of the venous flaps 
have been described in literature based on: ves-
sels that enter and leave the flap as well as the 
direction of flow within these vessels [25], pres-
ence of an intravenous valve, the venous network 
of the donor site, the location, and the number 
of veins at the recipient site [26]. Probably the 
most commonly used venous flaps in plastic and 
microsurgery surgery are the three classification 
types of Thatte et al. [25] which are type I, uni-
pedicled venous; type II, bipedicled; and type 
III, AVFs, which are perfused by a proximal ar-
tery anastomosed with a cephalad end vein and 
drained by a distal vein. The most reliable of 
these is the type III [27] and that is why clinical 
use has mostly focused on it.

Success in reconstructing skin defects of the 
digits with AVFs seems to be influenced by the 
donor site and size of the flap [27]. The influence 
of donor site on the survival of AVFs has been 
attributed to the configuration of the venous net-
work of different donor sites. The most frequent 
donor sites for venous flaps are: the distal volar 
forearm, the dorsum of the foot and medial as-
pect of lower leg, and the thenar and hypothenar 
eminences [28]. The configuration of the dorsal 
skin of digits and hypothenar or thenar eminence 
is more favorable than that of the volar forearm, 
while the donor site of the lower leg, in which 
there is a poor venous network, is considered the 
last choice for venous flaps. Kakinoki et al. [29] 
showed that the size of the flap was the factor 
that correlated statistically with a successful re-
sult. AVFs with a surface area less than 767 mm2 
were less likely to develop necrosis of the skin 
(Fig. 8.2).

For fingertip reconstruction, the most indi-
cated AVFs are the thenar and hypothenar flaps, 
first described by Iwasawa et al. [28], since the 
volar forearm and dorsum of the foot skin are not 
glabrous skin, have poor skin texture for volar 
surface reconstruction, and result in instability 
with pinching.

The operative technique of the AVF from the-
nar and hypothenar eminences was described this 
way in the original paper:

The donor site is the lateral side of the metacarpo-
phalangeal joint for the thenar venous flap and the 
lateral side of the hypothenar region for the hypo-
thenar flap. A branch of the dorsal cutaneous vein 
is located in either the thenar or the hypothenar 
region. When elevating the flap, a segment of the 
branch of the dorsal cutaneous vein, the subcutane-
ous tissue and deep fascia of the thenar or hypo-
thenar muscles are included. At the recipient site, 
a proper digital artery and dorsal vein are prepared 
at the interphalangeal joint level and microvascular 
anastomoses are performed between these vessels 
[28].

The skin of the thenar and hypothenar regions is 
not completely glabrous. However, it has a thick 
keratosis layer and deep fascia of the thenar and 
hypothenar muscles that provide durability for 
mechanical stress and good stability. None of 
these is a sensory flap. Nevertheless, good sen-
sory recovery has been reported with thenar and 
hypothenar flaps by Iwasawa et al. The authors 
explained this recovery is due to the fact that pal-
mar tissue has many sensory receptors [28].

Innervated AVFs have been described from the 
dorsum of the foot preserving sensation by anas-
tomosing branches of superficial peroneal nerves 
with the digital nerves [30] but they are nongla-
brous flaps. The authors explain that, “ideally, the 
volar side of the finger should be reconstructed 
with glabrous skin such as palm or instep. Al-
though small arterialized venous flaps that use 
medial plantar skin are useful for finger pulp re-
construction it is difficult to harvest a thin and 
pliable arterialized venous flap from medial plan-
tar skin. It is also not easy to include enough long 
cutaneous veins and cutaneous branches of me-
dial plantar nerve in the instep venous flap.”[31]

Compared with conventional arterial flaps, 
the advantages of venous flaps are that they pro-
vide non-bulky and good-quality tissue, ease of 
design, and harvest without the need to perform 
deep and tedious dissection, no sacrifice of a 
major artery at the donor site, no limitation of the 
donor sites, and less donor-site morbidity with 
optimal postoperative contour. They could be a 
good option for reconstruction of small defects of 
the fingers, but it should be noted they are either 
insensate or nonglabrous skin flaps or both. Also, 
they have an unstable postoperative course and 
are difficult to monitor. They are not very reliable 
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due to their inconsistent survival and possible 
partial loss, but these problems may be solved 
by techniques such as surgical delay procedure, 
pre-arterialization technique, surgical expansion, 
and application of growth factors after meticu-
lous preoperative planning. [23].

Posterior Auricular Artery Sensate Flap

This flap provides wound coverage while re-
taining sensation and negligible donor-site mor-
bidity. It is used for fingertip radial-side pulp 
reconstruction and is based on the posterior 

auricular artery. The first clinical success for 
the free retroauricular skin flap was reported by 
Wada and coworkers in 1979 [32], and it has been 
popular for intraoral and facial reconstruction for 
years. It was in 2009 when Hsieh et al. [33] first 
described this flap for fingertip reconstruction.

The posterior auricular sensate free flap 
is not simple but some authors consider it 
cost-effective because the sensation recovery is 
good and primary closure of the donor site is pos-
sible. The donor-site scar is located in the poste-
rior auricular area, and it provides good aesthetic 
appearance of finger reconstruction area with no 
joint stiffness.

Fig. 8.2   Arterialized venous flap from the distal volar forearm. The terminal branch of the lateral cutaneous nerve of 
the forearm is included in order to provide a sensate flap. (Courtesy: Dr. Thomas Giesen)
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Surgical Technique
The posterior auricular vessels over the posterior 
auricular sulcus must be detected preoperatively 
using a Doppler probe. The posterior auricular 
vessel is identified after incision over the poste-
rior auricular sulcus and meticulous dissection. 
A skin island in the posterior auricular area is 
designed over the entry area of the posterior au-
ricular vessel. The flap is elevated from the layer 
beneath the posterior auricular vessel. The great 
auricular nerve is also identified in the posterior 
auricular area. The pedicle of the posterior au-
ricular flap is anastomosed to the radial digital ar-
tery and dorsal vein, and the great auricular nerve 
is anastomosed to the radial side digital nerve. 
Primary closure of the posterior auricular donor 
site can be accomplished with no morbidity [33] 
(Fig. 8.3).

Widespread utilization of the posterior auricu-
lar free flap has yet to become popular due to a 
considerable amount of technical challenges, al-
though previous success has been reported and 
can be promising. Technical challenges include a 
short vascular pedicle, a superficial venous sys-
tem that is not always present, extremely small 
vena comitantes, anatomic variation [34] (for 
instance, sometimes posterior auricular vessels 
are too small to transfer in a free flap), tendency 
of the flap based on the superficial temporal ves-
sels to become congested, and limited flap size 
(although this is not usually a problem when 
treating pulp injuries).

Since there are few reports of this flap as far 
as pulp coverage is concerned in the literature, it 
is difficult to draw reliable conclusions about its 

indications and true functional and aesthetic re-
sults. Hsieh et al. [33] report 7 mm of static 2PD 
and good aesthetic recovery and consider this 
flap an alternative to foot tissue transfers.

Inversely, there are other flaps such as the pos-
terior interosseous artery flap [35] or the tempo-
roparietal free fascial flap with a split-thickness 
skin graft [36] that are mentioned in the litera-
ture as useful for fingertip coverage. The former 
gives excellent cover but it is a nonglabrous skin 
flap, and the latter, even though it provides a 
pseudo-glabrous surface, is relatively insensate. 
These reasons are more than enough not to con-
sider them ideal options for the replacement of 
pulp injuries.

Glabrous Skin Flaps

Defects on the volar surface of the fingers require 
replacement with specialized sensory cells that 
can only be found in the hand itself, on the toes, 
or on the sole area of the foot, what is generally 
known as glabrous tissue [37]. The best way to 
accomplish this replacement is by microneuro-
vascular transplantation of glabrous skin from 
the foot [38].

The most widespread free flaps that can 
provide glabrous skin on a consistent vascular 
pedicle are the free medialis pedis flap, free 
MPAP flap, and great toe and second toe pulp 
neurovascular island (NVI) flaps. Free medialis 
pedis flap and free MPAP flap are interconnected 
and share anatomy and some properties. The 
complex vascular anatomy of the medial plan-

Fig. 8.3   Posterior auricular artery sensate flap. Cadaver dissection. Arrows show the vascular pedicle and the great 
auricular nerve. (Courtesy: Dr. Shih-heng Chen)
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tar system was reported in 1990 by Masquelet 
and Romana [39]. The medial plantar artery is 
divided into the superficial and deep branches 
of the medial plantar artery. The deep branch of 
the medial plantar artery in turn subdivides into 
lateral and medial branches. The medial branch 
runs dorsally between the tibialis posterior ten-
don and the abductor hallucis muscle, after which 
it courses distally along the medial margin of the 
foot, proximal to the tubercle of the navicular 
bone. The artery is usually accompanied by one 
or two venae comitantes.

The medialis pedis flap receives its blood sup-
ply from the medial branch of deep division of 
the medial plantar artery. In contrast with this, the 
MPAP flap is nourished by superficial division of 
the medial plantar artery [40] (Fig. 8.4).

The free medials pedis flap for resurfacing 
skin defects of the hand and digits was first re-
ported by Ishikura et al. [22] based on Masquelet 
and Romana’s studies [39] for soft tissue defects 
of the foot in which a thin and supple skin cover 
was needed. The advantages of this flap are: It is 
very thin in comparison with other standard free 
flaps; it can be used for small repairs; it possesses 
two draining venous pathways, the vena comitan-
tes and the subcutaneous veins; the diameters of 
its vessels are similar to those of the fingers; it 
provides a good color and texture match for the 

repair; and according to Ishikura, a good recov-
ery of protective sensation is achievable.

This latter point is questionable since one of its 
main disadvantages is that it is an insensate flap. 
Other drawbacks are that skin grafting is usu-
ally necessary for donor-site closure and that in 
cases where the posterior tibial artery represents 
the dominant or singular inflow source to the 
foot, the harvesting of this flap could potentially 
compromise the circulation to the foot. Although 
it can be an appropriate flap for volar hand and 
digit injuries given that it provides glabrous skin 
coverage, its use is discouraged for fingertip le-
sions since it is not a sensory flap (Fig. 8.5).

The free medial plantar artery perforator flap, 
despite its anatomical proximity to the medialis 
pedis flap, has several positive differences: It is 
thicker, providing adequate cushioning surface; 
donor site can close primarily if flap width is 
less than 2  cm, and it can be sensate including 
the cutaneous branch of medial plantar nerve or 
saphenous nerve for anastomosing to the digital 
nerve [41].

Before 1986, when Hidalgo described favor-
able results using it for palm coverage [42], its 
utilization was limited for resurfacing feet and 
heel defects since Mir and Mir presented it in 
1954 [43]. However, the first report of this flap as 
a neurovascular flap for pulp reconstruction was 
published by Inoue 2 years later [44] (Fig. 8.6).

Fig. 8.5   Free medialis pedis flap. Cadaver dissection. 
PTA posterior tibial artery, MPA medialis pedis artery

 

Fig. 8.4   Free medialis pedis ( MP) flap and free medial 
plantar artery perforator ( MPAP) flap schematic design. 
The red line indicates the posterior tibial artery trajectory 
with the medial plantar artery branch for MP flap and su-
perficial division of the medial plantar artery branch for 
MPAP flap. Cadaver dissection
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Operative Technique
The posterior tibial artery can be located by pal-
pation posterior to the medial malleolus and fol-
lowed downward to the instep groove between 
the abductor hallucis muscle and the flexor digi-
torum brevis muscle. The perforator can be eas-
ily identified by marking the septum between the 
abductor hallucis and the flexor digitorum brevis 
with a straight line. From this line, a perpendicu-
lar line is drawn to the navicular tubercle and the 
perforator will be located in a 2-cm-radius area 
from this line [40] and adjacent to the first cu-
neiform bone. This can be confirmed by Doppler.

The medial plantar flap is designed on the axis 
of the plantar surface of the first metatarsal with 
the perforator in the central area [38]. The plantar 
incision is made and the suprafascial plane is dis-
sected until the perforators are identified. To ex-
pose the medial plantar vessels, a dissection be-
tween the abductor hallucis muscle and the flexor 
digitorum muscle is performed. Then, the lateral 
incision is made and the vein draining into the 
saphenous system is preserved, in case the comi-
tantes veins of medial plantar artery are too small 
for anastomosis. The saphenous vein branch is 
also isolated with the saphenous nerve to inner-
vate the flap. After releasing the tourniquet, flap 
circulation is evaluated and if there is no prob-
lem, the flap is harvested and inset on the finger. 
Inflow is provided by a digital artery and outflow 
is established via dorsal vein. The digital nerves 
are repaired to the saphenous nerve branch.

The advantages of this flap were well detailed 
by Huang et al. [40]: (a) It can be up to 7 cm long 
and 2  cm wide, providing a large surface area; 
(b) medial plantar vessels remain intact, therefore 
there is no compromise of the foot’s blood sup-
ply; (c) provide cushioning and glabrous skin, 
(d) flap elevation can be performed quickly in 
experienced hands because a short pedicle does 
not require a tedious dissection; and (e) size and 
length of pedicle are compatible with the digital 
vessel.

It also presents disadvantages: Preserving 
small perforators without causing further injury 
is difficult and delicate surgical skills and some-
times microscope-assisted procedures are need-
ed. When the donor area is more than 2 cm wide, 
it is necessary to use split-thickness skin graft to 
close. And mainly, there is some lack of good 
2PD recovery although it is a sensate flap [45]

Great Toe Pulp Neurovascular Island 
Flap

Of all the free flaps utilized for digital pulp re-
construction, the free neurovascular toe flap pro-
vides a particularly efficient solution for loss of 
cutaneous substance [46, 47]. It not only restores 
the finger with a solid and well-cushioned cover 
but also with a dense population of specific sen-
sory end organs attached to the flap [45]. That is 
the main advantage of these flaps in comparison 
with any other flaps, as they comply with one 
of the major surgical principles described by Sir 
Harold Gillies, the father of modern plastic sur-
gery: “replace like to like” [48].

With the free neurovascular toe flap we not 
only provide tissue with the same unique me-
chanical and aesthetic characteristics of the fin-
ger and thumb pulp but also provide their same 
specific sensory functional pattern. From the 
mechanical and aesthetic point of view, the pal-
mar aspect of the hand is gifted with anatomical 
characteristics of skin, subcutaneous tissue and 
appendages, suitable for carrying out its princi-
pal functions of pinching and grasping [49]. It 
is devoid of hair and the epithelium is of thick 
cornified stratified squamous epithelium, rich 

Fig. 8.6   Free medial plantar artery perforator flap. Ca-
daver dissection
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in ridges and grooves that become thicker with 
usage [50]. Also, the epidermis is thick compared 
with that on other body areas and has abundant 
sweat glands but not sebaceous glands [49]. The 
connective tissue forms a dense array of tissue 
with numerous fibrous septa interconnecting 
the volar digital skin, periosteum, and synovial 
sheaths, and the connective tissue of dermis is 
more compact and less elastic. The subcutaneous 
tissue exists in many compartments in between 
these fibrous septa, adding a cushion effect and 
durability to an area constantly exposed to fric-
tion forces [41]. The pulp of the toes is the unique 
area of the body that has the same characteristics, 
so there can be no better option for replacement 
in case of this tissue loss.

As far as the sensory function is concerned, 
it is known that sensory endings can be divided 
into three general patterns: free sensory endings, 
sensory endings with expanded tips, and encap-
sulated sensory endings. Free nerve endings are 
encapsulated and are responsible for pain and 
temperature sensation. Sensory endings with ex-
panded tips are the so-called Merkel’s cell and 
the Ruffini complexes. Merkel’s cell neurite com-
plexes are only present in glabrous skin and are 
responsible for transmitting sensation of constant 
touch, pressure, and static tactile gnosis whereas 
Ruffini complexes are only present in hairy skin. 
The encapsulated sensory endings are found ex-
clusively in glabrous skin. They are the Pacin-
ian corpuscles and Meissner’s corpuscles, highly 
sensitive converters of mechanical stimuli. Also, 
Meissner’s corpuscles seem to provide the ulti-
mate degree of sensitivity for tactile gnosis and 
discrimination. Both corpuscles are fast-adapting 
fiber mechanoreceptors that mediate sensory re-
lays concerning moving touch, fluttering, vibra-
tion, and moving tactile gnosis [37, 38].

It is logical to assume that replacing specifi-
cally these specialized sensory endings by the 
same kind of sensory endings, we will be able to 
get the best critical sensory recovery. It has been 
observed that there is a correlation between the 
return of functional sensibility and the total num-
ber of Meissner’s corpuscles in the transplanted 
tissue [51], which would demonstrate the neces-
sity of using selectively glabrous skin tissue to 

replace glabrous skin loss if we want to achieve 
the best sensory result. Despite these apparent 
logical advantages, the application of this flap 
has been typecast only for selective cases and 
patients.

Classically, it has been differentiated between 
manual laborers in whom fast functional recov-
ery is the main purpose; thus, easy, quick recov-
ery and reliable procedures are recommended 
(simple revision amputation, skin grafting, island 
flap, etc.) and sensitivity-demanding professions 
such as musicians, in whom sensitivity recovery 
is the priority and who need specific solutions to 
reach that goal.

The toe pulp NVI flap is typecast in literature 
as the ideal and almost exclusive indication for 
those latter patients. However, in our opinion its 
indications should be expanded for any patient 
when preserving functional and aesthetic appear-
ance of the injured digit is the priority and the 
size of the defect contraindicates the use of local 
flaps.

History
Reconstruction of pulp defects with toe pulp NVI 
flap was described for the first time in 1978 by 
Buncke and Rose [46]. In their paper, they pro-
pose a new technique that offered durable skin 
cover which becomes innervated by the sensory 
nerve of the recipient finger itself, and does not 
result in deformity or anesthesia of an adjacent 
finger nor require cortical reorientation of stimu-
li, unlike Littler’s technique [52].

Although only four out of six flaps they pre-
sented survived, they showed an innovative idea 
that has been applied by surgeons for pulp recon-
struction all over the world. Precisely, this low 
flap survival rate at the beginning questioned 
this technique’s reliability, and literary tradition 
has retained this idea for the last century without 
taking into account more recent results that show 
flap survival rates up to 99.7 % in the largest se-
ries [53]. In fact, the current average survival rate 
has been shown to be 98 % [54]. Undoubtedly, 
the development of microsurgery and technique 
refinement since the first reports have contrib-
uted to making this flap very reliable.
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Another argument of the authors who criti-
cize the reliability of toe to pulp NVI flap is its 
anatomy variability, which can complicate the 
dissection of the flap and the fact of sacrificing 
a major artery, which may adversely affect foot 
circulation during old age [33].

It is true that neurovascular anatomy of 
the foot is quite complicated and a significant 
amount of variations have been described. The 
first dorsal metatarsal artery (FDMA) originates 
from the dorsalis pedis artery when the latter 
dives plantarward at the base of the first inter-
metatarsal space. As described by Poirier and 
Charpy [55], the artery courses over the dorsum 
of the first dorsal interosseus muscle and divides 
into two branches—medial and lateral—at the 
level of the metatarsophalangeal joint of the big 
toe. The medial branch provides two dorsolat-
eral collaterals to the big toe. The lateral branch 
terminates as the dorsomedial branch of the sec-
ond toe. Distally, in the web space, the FDMA 
plunges plantarward and bifurcates into its termi-
nal branches, both medial and lateral. The medial 
plantar branch forms the plantar hallucal arteries, 
both fibular and tibial, whereas the lateral branch 
terminates as the medial plantar artery of the sec-
ond toe. The lateral branch of the first plantar 
metatarsal artery (FPMA) joins the FDMA at the 
level of its plantar bifurcation. The plantar tibial 
hallucal artery crosses transversely between the 
mid-segment of the proximal phalanx and the 
flexor hallucis longus tendon to reach the medial 
plantar aspect of the big toe, where it is joined by 
the medial bifurcation branch of the FPMA. Po-
irier and Charpy clearly state that it is the FDMA 
and not the FPMA that provides the three inner 
plantar collaterals of the first and second toes. 
The FPMA is considered a branch of the dorsalis 
pedis or a terminal branch of the lateral plantar 
artery. It arises at the level of the inferior border 
of the second metatarsal from the dorsalis pedis 
arterial area during its vertical course in the first 
intermetatarsal space. It is directed medially and 
anteriorly, separated from the FDMA by the first 
dorsal interosseous muscle. It is located deep to 
the level of the oblique head of the adductor hallu-
cis and the flexor hallucis brevis. Initially applied 
against the lateral surface of the first metatarsal, 

the artery passes between the bone and the flexor 
hallucis brevis muscle. At the level of the distal 
bifurcation triangle of this muscle, the FPMA di-
vides into two branches: lateral and medial. The 
lateral branch courses between the two heads of 
the flexor hallucis brevis and then passes plan-
tar to the lateral head of the short flexor. It turns 
around the lateral sesamoid, pierces the deep 
lateral sagittal septum of the plantar aponeuro-
sis for the big toe, courses on the plantar aspect 
of the deep transverse metatarsal ligament, and 
joins the FDMA at the point of bifurcation in the 
first web space. The medial branch of the FPMA 
also emerges between the two heads of the short 
flexors of the big toe, passes around the medial 
sesamoid or between the two sesamoids, and ter-
minates in the tibial plantar hallucal artery. This 
medial branch is joined by a thin branch from the 
medial plantar artery [56].

This thorough description given by Poirier and 
Charpy has suffered corrections or addenda and 
a significant amount of variations of the FDMA 
has been described in reference to: (a) the origin 
and principal source of supply (Gilbert [57], May 
Jr [58]), (b) the relationship with the first dorsal 
interosseous muscle and to the insertion of the ad-
ductor of the big toe (Murakami [59]), and (c) the 
relationship with the first dorsal interosseous 
muscle and to the deep transverse metatarsal liga-
ment (Gilbert [57], Leung [60]). Also, variations 
of the FPMA, the tibial hallucal artery, and the 
dorsomedial hallucal artery have been described.

As far as the venous system is concerned, dor-
sal and plantar veins form in the toes and freely 
intercommunicate in the subcutaneous tissue of 
the web space. These veins drain deeply into 
venae comitantes accompanying the FDMA and 
FPMA and, in addition, subcutaneously into one 
or more large dorsal veins leading from each web 
space. These join and continue proximally as a 
single large vein (1.5 mm in diameter) to cross 
over the extensor hallucis longus tendon and join 
the medial greater saphenous system [58].

Nerve branches of the superficial peroneal 
nerve over the first metatarsal space are very 
small and terminate in the skin at the base of 
the toes in most cases. The larger deep pero-
neal nerve accompanies the FDMA and courses 
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beneath the extensor hallucis brevis tendon but 
remains superficial to the interosseus muscle 
and fascia. The nerve appears as two trunks, 
approximately 1 mm in diameter at or before the 
mid-metatarsal level, and each continues distally 
into either side of the first web adjacent to the 
dorsal digital artery to the region of the nail bed. 
The plantar digital nerves are separate structures, 
approximately 1.4 mm in diameter, as they course 
distally with the FPMA plantar to the transverse 
metatarsal ligament and the tendon sheath of the 
flexor hallucis longus. Each digital nerve remains 
plantar to its respective plantar digital artery as it 
continues distally toward the region of the tuft of 
the toe [58].

After seeing this, the criticism of some au-
thors can make sense but we think that a good 
knowledge of the anatomy of the foot can guar-
antee a safe harvesting of the flap in caring and 
experienced hands.

Indications
This technique has two major indications: 
(1) the acute loss of the fingertip pad in the thumb 
and index finger and (2) the posttraumatic distal 
insensibility, with pulp atrophy, and distal neu-
roma, without any possibility of nerve anastomo-
sis [47].

Operative Technique [38]
The NVI flap from the pulp of the great toe is a 
sensory cutaneous flap of glabrous skin. In gen-
eral, it is preferable to use the homolateral foot 
as a donor site for the thumb and the contralat-
eral foot for the index as this lines up better when 
using the ulnar digital artery of the thumb and 
the radial digital artery of the index as recipient 
arteries.

It is important to know whether the toe arte-
rial supply is plantar or dorsal dominant, since 
this would condition the dissection. When the 
dorsal system is dominant, which occurs in 60 % 
of cases, the dissection is simpler and a longer 
pedicle can be included with the flap, and a short-
er incision is needed on the plantar surface of the 
foot. A Doppler examination will help to demon-
strate the dominance.

The flap is designed as an oval with the long 
axis along the midaxial line of the lateral aspect of 
the great toe with 1–4 cm in length and 1–2.5 cm 
in width. The first incision should be done near 
the proximal end of the marked oval flap, extend-
ing proximally to find small tributaries in the 
subcutaneous tissue that may drain from the flap 
area. Once the venous tributaries are identified, 
then dissection can be carried out more proximal-
ly, identifying the major draining vein. When the 
vein has been identified, an incision continues 
into the web space and dissection is taken down 
through skin and subcutaneous tissue into the 
web space, identifying the lateral digital nerve to 
the great toe. This usually is on the plantar side 
of the digital artery. Once the digital nerve is 
identified, the artery supplying the toe will then 
be identified, and dissection of the artery is car-
ried out proximally until finding communication 
between the dorsal and plantar systems. Care is 
taken at this juncture to identify either a plantar-
dominant or a dorsal-dominant arterial system. If 
there is a dorsal-dominant system, then dissec-
tion is carried out proximally to whatever length 
is needed at the hand. If on the contrary, there is 
plantar-dominant system, which occurs in 40 % 
of the time, the incision must be carried out more 
onto the plantar surface of the foot in between 
the first and second metatarsals, and dissect the 
plantar artery through this area. In this case, dis-
section can be difficult and tedious and this is one 
of the main causes of several authors’ criticism 
to this flap.

If a long arterial pedicle is needed and dissec-
tion of the plantar digital artery is difficult, it is 
possible to just ligate the plantar artery and extend 
the arterial pedicle with a vein graft between the 
recipient artery and the plantar artery of the flap. 
Once the plantar artery, vein, and nerve are iden-
tified and dissected proximally, the rest of the in-
cision can be carried out both dorsal and plantar 
around the previous markings. Dissection of the 
flap should be carried out through skin and sub-
cutaneous tissue, identifying the major branches 
that go into the skin from the lateral digital artery 
supplying the flap.

Once the flap is elevated and adequate perfu-
sion has been demonstrated, both of the flap and 
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the toe, the artery, and then the vein can be li-
gated, and the digital nerve divided. The artery is 
then repaired preferably end to end with the digi-
tal artery of the finger; then the vein is repaired 
end to end to a branch of the cephalic vein of 
the dorsum of the thumb or index and finally the 
digital nerve is repaired after circulation has been 
established. The skin is carefully closed using 
nylon 4/0 nylon threads, which cause limited ir-
ritation to soft tissue [45], although we usually 
follow Dr. Kleinert’s recommendation and close 
the skin with 6/0 nylon in order to improve the 
aesthetic outcomes of the scar (Fig. 8.7).

There have been published technical refine-
ments of this flap based on different pedicle types 
in order to facilitate the harvesting and simplify 
the operation, making the flap more reliable. Sun 
et  al. [61] used a communicating branch of toe 
web veins as a venous return pathway of the free 
toe pulp, that is, a pathway from the accompa-
nying veins of the plantar digital artery (small 
tributaries veins) to the communicating branch 
between the deep and superficial toe web veins to 
the superficial dorsal metatarsal veins. Accompa-
nying veins are taken as return veins of free flap 
and the relatively larger dorsal metatarsal vein 

is taken as the one for anastomosis. Direct anas-
tomosis of thin accompanying veins is avoided; 
thus, the operation is simplified.

In addition, this flap admits a significant num-
ber of modifications in order to increase its in-
dications. For instance, second toe pulp to hand 
flap, first web space flap, toe wrap-around flap, 
second toe-wrap around flap, combined lateral 
aspect of great toe flap and medial aspect of sec-
ond toe flap, and combined lateral great toe and 
web space and medial second toe flap.

The second toe pulp is the next best choice for 
pulp reconstruction after the great toe flap. The 
great toe is larger and has a higher 2PD than the 
second (7–18 mm over 10–25 mm) [47], hence 
our predilection.

The first web space flap also has many simi-
larities with the great toe pulp neurosensory flap 
in both its anatomic dissection and clinical ap-
plication, but is usually used for larger defects.

The other ones have different indications than 
the pulp repair and are used, for example, for de-
gloving injuries distal to the metacarpophalange-
al joint with skeleton and tendons intact and com-
plete amputations at the first distal phalanx of the 
thumb; therefore, they will not be discussed here.

Fig. 8.7   Great toe pulp neurovascular island flap. a Po-
stop painful index fingertip amputation with neuroma for-
mation and unstable skin. b Design of the flap. c Flap’s 
vascular pedicle. d Intraoperative confirmation of good 

inflow and outflow of the flap before ligature and eleva-
tion. e Neurovascular anastomosis. f Immediate postop-
erative aspect of the flap. g, h Excellent aesthetic and 
functional recovery
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Second Toe Pulp Neurovascular Flap

The second toe pulp neurovascular flap is a mod-
ification of the great toe pulp flap and shares with 
it all the anatomical and technical characteristics, 
except for the flap’s design which is performed as 
an oval with the long axis along the midaxial line 
of the medial aspect of the second toe.

Usually it is used for small pulp defects, spe-
cifically in fingers other than the thumb because, 
as mentioned before, its 2PD is lower than the 
great toe, although the sensation recovery is also 
excellent.

In 2008, Lee et al. [53] developed an alterna-
tive technique for harvesting partial second toe 
pulp for transfer by means of a short pedicle. This 
technique uses the medial digital artery of the toe 
and subcutaneous veins as the pedicle instead 
of the dorsal metatarsal artery and veins as in 
most of the traditional cases for anastomosis, and 
avoids the more extensive dorsalis pedis artery 
harvest, facilitating a markedly deceased opera-
tive time with a > 99 % success rate.

First Web Space Flap

The first web space flap was first designed and 
studied by May and colleagues [58]. The first 
web space of the foot receives its arterial supply 
from the four digital arteries that arise from the 
first dorsal and the plantar metatarsal artery. It 
has a dual sensory innervation from the two dor-
sal digital nerves, which originate from the deep 
peroneal nerve, and two plantar digital nerves 
from the medial plantar nerve [58].

Based on this unique anatomic distribution of 
arteries and nerves, this flap can be harvested in 
diverse shapes and sizes and can been useful for 
larger defects and for other injuries of the fingers 
and the hand in addition to the pulp (first web of 
the hand contractures, volar defects of the hand 
up to 12 × 3 cm, pulp defects in two adjacent fin-
gers). These larger injuries would be the best in-
dication for the use of this flap.

According to this diversity of flap design and 
clinical application, some authors have tried 
to classify the first web space flap to ease the 

clinical decision making facing a hand injury. 
An interesting paper was written by Woo et al. in 
1999 [62] that classified it into four types: type I: 
web skin flap; type II: two-island skin flap; type 
III: fill-up web flap; and type IV: adjuvant web 
flap. But, although this classification is useful for 
other injuries, it is not very transcendent as far 
as selective pulp defects are concerned. (Fig. 8.8)

The outcomes of the toe pulp neurovascular 
island flap published in the most up-to-date re-
ports are excellent in both function and aesthetic 
terms. Currently, it is the preferred option for dig-
ital pulp reconstruction for a significant number 
of authors, including ourselves.

The main drawbacks of this flap are related 
with the donor site. It has a considerable morbid-
ity and hypertrophic scarring, partial skin necro-
sis, partial loss of toe, problems with walking, 
and postsurgical deformities have been reported. 
Also, it has to be noted that it is an operation on 
two distant areas and, as mentioned before, a 
major artery is sacrificed.

Another argument of detractors is that this is a 
lengthy procedure to perform, is technically de-
manding, and supposedly not very reliable. But 
new studies show that, at present, its reliability 
is no longer an issue and is comparable to that 
of any other free tissue transfer [54]. In addition, 
using easy flaps only to achieve flap survival is 
an old-fashioned idea from the early days of re-
constructive microsurgery. Nowadays, the em-
phasis must be put in optimizing function and ap-
pearance [9], and that is what toe pulp NIV flap 
can guarantee, although minimizing donor-site 
morbidity should be also considered.

It is also true that there is a learning curve and 
much practice is required before making it a wor-
ry-free procedure [54], but good microsurgery 
training can minimize risks.

Conversely, the advantages of this procedure 
are numerous. As mentioned, it obtains excellent 
functional and aesthetic results with durable and 
glabrous skin, almost normal pulp contour (even 
including fingerprint), satisfactory sensory resto-
ration, not only protective but also critical sen-
sory restoration (static 2PD range 4–7 mm), and 
no need for cortical reorientation [54].
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It is interesting to mention that it has been 
shown that recovered sensation is more precise 
in the recipient site than at the donor site. Al-
though several possible explanations exist, this 
phenomenon is probably best explained by corti-
cal reeducation and adaptation with continuous, 
repetitive use postoperatively. Needless to say, an 
aggressive rehabilitative program is essential for 
this achievement [62]. This explanation has been 
supported by several investigators [47, 54, 63] 

and especially Morrison et al. [64], who demon-
strated that discriminative sensibility regresses to 
a state of mere protective sensation in the part of 
the body that is immobile.

Of course, as with any other procedure, the toe 
pulp neurovascular flap has contraindications and 
cannot always be used. Pulp defects shorter than 
1.5  cm, concomitant injuries to the donor toe, 
concomitant acute infection, injury to the flap 
pedicle, and life-threatening associated injuries 

Fig. 8.8   First web space flap. Good option for larger injuries
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are the absolute contraindications for using this 
flap [45]. There are also relative contraindica-
tions if there is need for rapid recovery regardless 
of the aesthetic or functional result, in which case 
simpler treatments should be suggested. The sur-
geon’s inexperience or facility limitations could 
be a contraindication, in which case the patient 
should be referred to other surgeons or facilities.

Conclusion

Amputation of the pulp of the fingers and thumb 
is a frequent injury in the hand surgeon’s daily 
clinical practice. There is a wide diversity of 
treatment options from healing by secondary in-
tention to complex reconstruction. When local 
flaps are inadequate, if we want to offer the best 
treatment option for certain injuries and demands 
of patients, free tissue transfer is an option.

The most popular small flaps for fingertip 
coverage that provide glabrous or hairless skin 
coverage are the thenar flap, the free flap from 
the flexor aspect of the wrist, AVFs, posterior 
auricular artery sensate flap, and glabrous skin 
flaps.

The thenar flap is indicated for patients who 
would rather not sacrifice any soft tissue compo-
nent from the foot. It requires minimal dissection 
and sacrifices a nondominant artery, but it can 
cause a potentially unpleasant scar in donor area 
and the sensory recovery is variable.

The free flap from the flexor aspect of the 
wrist can be an interesting alternative to glabrous 
skin flaps when they are contraindicated or not 
available. It is a versatile flap because it can in-
corporate a portion of palmaris longus and/or the 
palmar cutaneous branch of the median nerve 
as grafts and can be used for different defects in 
hand or digits, but being an insensate flap is one 
of its main drawbacks.

The AVF from the thenar and hypothenar emi-
nences is an interesting reconstructive tool, de-
spite the fact that it is not a complete glabrous 
flap or a sensory flap. Also, they have an unstable 
postoperative course, but when conventional ar-
terial and glabrous flaps are not available its use 
should be considered.

The posterior auricular artery sensate flap is 
used for fingertip radial-side pulp reconstruction. 
Although good results have been reported, the 
fact of having a short vascular pedicle, extremely 
small vena comitantes, anatomic variation, and 
limited flap size has avoided its widespread uti-
lization.

The best way to accomplish replacement with 
glabrous tissue of the defects on the volar surface 
of the fingers is by microneurovascular trans-
plantation from the foot [38]. The most proven 
free flaps to provide glabrous skin on a consistent 
vascular pedicle are the free medialis pedis flap, 
free MPAP flap, and great toe pulp and second 
toe pulp NVI flaps.

Free medialis pedis flap and free MPAP flap 
are interconnected and share anatomy and some 
properties. But the former’s use, even though it 
can be used for small repairs, is usually discour-
aged for fingertip lesions since it is not a sensory 
flap. The latter, despite its anatomical proximity 
to the medialis pedis flap, possesses several posi-
tive differences: It is thicker, providing adequate 
cushioning surface; donor site can be closed 
primarily if flap width is less than 2 cm; and it 
can be sensate including the cutaneous branch of 
the medial plantar nerve or saphenous nerve for 
anastomosing to the digital nerve [41]. However, 
though it is a sensate flap, some lack of 2PD re-
covery must be expected [45].

Of all the free flaps utilized for digital pulp re-
construction, the free NVI toe flap provides the 
most efficient solution for loss of cutaneous sub-
stance [46, 47]. It not only restores the finger with 
a solid and well-cushioned cover but also with a 
dense population of specific sensory end organs 
attached to flap [45]. The two major indications 
for this flap are the acute loss of the fingertip pad 
in the thumb and index finger and the posttraumat-
ic distal insensibility, with pulp atrophy, and distal 
neuroma, without any possibility of nerve anas-
tomosis [47]. Its variable anatomy, the donor-site 
morbidity, the sacrifice of a major artery, and sur-
gical technical demands are its main drawbacks, 
but the excellent results make them worth it.

In addition, the free NVI toe flap admits a 
significant number of modifications that can in-
crease its indications. The second toe pulp NVI 
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flap, the next best choice for pulp reconstruction 
after the great toe, is one of these modifications. 
It is used for small pulp defects, especially in fin-
gers other than the thumb. Another modification 
is the first web space flap, which is usually indi-
cated for larger defects than pulp.

In our opinion, although classically the free 
NVI toe flap has been typecast in literature as 
ideal and an almost exclusive indication for pa-
tients with high-demanding professions, its indi-
cations should be expanded for any patient when 
preserving functional and aesthetic appearance 
of the injured digit is the priority and the size of 
the defect contraindicates the use of local flaps, 
since in those terms this flap is shown to be un-
rivaled.
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