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Fingertip Injuries
Donald Sammut and Robert Pearl

Introduction
The hand is in harm’s way. It is at the frontier of all work and
contact with the environment. The fingertips, as a collective
functional unit, bear the statistical brunt of such injuries.
Hand injuries constitute the single most frequent surgical
presentation in an average Emergency Department.1
The hand is unique in its dual role as a considerable gatherer of information about the environment and also as an
executor. Unlike the other major sensory organ, the eye,
the hand is also able to act on the information gathered,
constantly modifying action by feedback of sensation and
proprioception. The gathering of information about the
environment is especially developed in pulp and palmar
digital skin, which is not to be regarded merely as skin covering, but as a specialized organ in its own right. The dense
population of sensory end organs is housed in skin with specialized, mechanical properties. The skin is robust and yet
deformable – the nail complex and the skeleton provide a
fixed stop, against which the pulp and palmar skin complex
are deformed – without such a rigid stop, one would obtain
less meaningful information about the contour and texture
of a held object or touched surface.
The esthetic importance of the hand is not to be underestimated and is an important consideration in all reconstruction. Irrespective of custom and attire, in virtually all
societies, the hand is always on display (the hand is exposed
even in societies where the face is concealed). The back of
the hand, in particular, is a significant esthetic unit. In this
regard, function and appearance are closely interlinked. The
hand which behaves fluently and efficiently attracts little
attention, even if it carries significant scar, or is missing anatomical parts. Smooth, healthy-looking skin cover, as well
as fluid, natural behavior, form important aspects of social
acceptability. Hand gestures reinforce facial expression and
in some spheres, hand movement and posture constitute a
very specific vocabulary, interpretable by those who converse
in that language. Aside from the obvious example of signing
for the deaf, the orchestra conductor’s hand gestures speak
a clear language to musicians and culture-specific hand
gestures convey meaning over distance beyond that possible through sound. Convention and social context convey
specific messages with hand gestures – the extended index
finger held vertically over the lips is universally interpreted
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as a request for quiet, for silence. It is also relevant that the
hand is the most frequent acceptable point of contact; in
most societies, the handshake is considered a permissible
intrusion into personal space, and a permitted form of contact, irrespective of the difference in social standing of those
shaking hands.
The hand is an integral part of one’s identity for any individual but specific professions imbue the hand with an additional importance. The musician, for instance, has a special
relationship with the hand since this forms an integral part
of his/her identity and “voice.” The same can be said of the
craftsman or in sports that use the hand. Although these
aspects form an important element of management, one
must not overrate the contribution of profession to the decision-making process. While some methods of reconstruction may entail an unacceptable period off work for, say, the
manual worker, whose main concern may be for strength
and durability, all will require a large measure of pain-free,
sensate dexterity. Irrespective of work or leisure pursuits, all
will still need to perform delicate, precise tasks, such as writing and doing up fastenings and buttons, touching spouse
and offspring. Most will be disturbed by an unattractive
extremity on display.
Since the hand is the part most frequently involved in
work-related injuries,2 the issue of personal injury claims
and the cloud of possible compensation frequently hangs
over the outcome of repair and reconstruction.
The growing hand presents special challenges on a number of fronts. Any repair must take into account the facilitation of growth of soft tissues and skeletal elements. Scarring
and contracture, a perennial problem in the hand, assume
an added importance. To these factors must be added the
factor of parental anxiety and elements of guilt and regret
centered on the occurrence of the injury in the first place.
In general, the management of the child’s hand involves the
management of the family.
These various factors should all figure in the assessment
of injury, the “feel” of patient compliance and cooperation,
the choice and planning of repair and reconstruction, and
the required aftercare. All too often these injuries are downgraded in the queue of surgical priorities – many still consider
that “all soft tissue injuries of the pulp heal” without regard
to the quality of function of such healing. Injuries that can
lead directly to significant loss of function, persistent pain,
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• Fig. 46.1

The leading aspects of the digits.

and compromised appearance are still, regrettably, considered trivial and meriting little surgical input. They are often
misguidedly delegated to inexperienced members of the surgical team with little appreciation of their complexity and
functional significance.

Assessment
The challenge of reconstruction in the hand lies in the assessment and decision-making, not in the technique, however
immaculately executed is the latter. In assessing any injury
(and the patient) one brings to bear experience and a big
repertoire so that, as far as possible, questions are answered
before the start of surgery. This is not to say that plans may
not change when the examination reveals more detail, but it
is the planning and selection of technique that is the focus
and the essential to a good outcome.
In the field of reconstruction, there are no recipes, only
principles. In the management of reconstruction challenges
of the digits, one vital principle is the appreciation that not
all areas of the hand are of equal functional value.
Observation of the hand in action soon reveals that all
digits have leading and trailing aspects. While one would
not suggest that any part of the hand is of lesser importance, in reconstructive terms these could also be considered “high premium” and “low premium” territories
(Fig. 46.1).
The leading edge is the more commonly used in contact
with a held object or contact with a surface. The trailing
edge is less often in contact, and tends to have less developed discriminatory abilities or needs. This principle is most
true of the thumb: the ulnar pulp “leads” and is involved
in virtually all dexterous activity and certainly all precision
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actions, since it is this area which faces the long digits most
effectively. By contrast, the radial pulp “trails” during most
tasks coming into play with relatively unspecialized tasks
such as tapping on a horizontal surface or keyboard. The
principle is least true of the index, both of whose aspects are
frequently involved in common activity.
Once this principle is accepted, one can start to assess
the functional significance of a specific defect and the availability of suitable methods of reconstruction:
1.	High premium areas require the best possible reconstruction, preferably sensate, glabrous pulp skin taken if possible from the same digit.
2.	Injury to a low premium area may be reconstructed
acceptably and reliably with relatively nonspecialized
cover, such as a skin graft or an insensate skin flap.
3.	Low premium areas can be considered for transfer to
high premium areas, preferably on the same digit, as for
instance the reconstruction of ulnar pulp in the thumb
using radial pulp (Fig. 46.2).
These observations are proposed as factors to be taken
into account, and are certainly not absolute. They are
amongst many that should be considered, including the
requirements of the patient overall, likelihood of compliance, as well as special requirements for a particular patient,
such as the playing of musical instruments or professional
sport.
In few other areas of reconstruction is collaboration with
the patient as essential. This element needs careful assessment if one is to obtain a good outcome – in this situation a
good outcome is the maximum restoration of function (and
hence appearance) and an acceptance by the patient of any
limitations consequent on the injury.
Detailed informed consent also needs to take into
account the time and effort investment required of the
patient, particularly in the more complex reconstructions.
The extension of the site of injury and/or the involvement of
distant donor sites are all factors to be included in the detail
of the process of informed consent.
Finally, in the process of assessment, the surgeon must
also have a realistic and honest assessment of his/her capabilities. Many methods of reconstruction are attractive to
the surgeon since they fulfill a natural mechanical neatness
and challenge of construct. The seduction of such methods must be resisted in the absence of expertise or adequate
guidance (and, preferably, also assistance) by those more
experienced.
It cannot be overemphasized that the method selected
must suit the defect and the level of expertise of the surgeon.
In this regard one must mention that it may be entirely
appropriate to select a temporary method known to be
insufficient for long-term wear and restoration of function
(such as a dressing or a split-skin graft on pulp), leaving
all options open for reconstruction with the availability of
appropriate expertise. If this approach is selected, it is wise
to present this to the patient as a two-stage procedure so that
he/she is prepared for the second surgery and it does not
come as a “salvage,” or adjustment, of the first.
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• Fig. 46.2 Pulp exchange flap. (A) The defect involves the entire leading (ulnar)surface of the thumb pulp.
(B) The trailing (radial) aspect of pulp is intact and an island flap is deigned on this pulp. (C) The flap is
entirely islanded, leaving ample fat around the nerve and artery. (D) The island is transposed to reconstruct
the ulnar pulp. (E) The secondary defect is resurfaced with a skin graft, in this case a full-thickness graft
taken from the amputated part, which was de-fatted. (F,G) Final result at 3 months.
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Healing by Secondary Intention
Both pulp and palmar skin have remarkable powers of
regeneration, as evidenced by the reliable healing of the
open palm technique advocated by McCash.3
Large defects of pulp will heal reliably provided a number of important criteria are observed:
1.	The defect must be suited to this method. No vital structure, such as tendon, bone, or joint, must be exposed.
Severely contaminated or crush defects must be thoroughly debrided of all contamination or necrosis.
2.	The hand must be elevated.
3.	The patient must understand that the method requires
careful adherence to instruction and compliance with
treatment. (Many patients will only remember that “It
needs no surgery” and this is rapidly translated into “It
needs no care”).
4.	Nonadherent dressings require regular change, preferably
on alternate days. Exception is made for children, where
it is routine to leave a dressing undisturbed for a week,
after which the wound can be left exposed, in order to
avoid the trauma of painful dressings.
The dressing in direct contact with the wound is a matter of personal preference. Tulle gras (paraffin impregnated
gauze) is traditional. It is cheap and easily available or can
be improvised, but dries rapidly and tends to adhere more
than one might expect. Many, superior, alternatives are
available, such as thin, perforated silicone sheeting (e.g.,
Mepitel, Mölnlycke Healthcare, Gothenburg, Sweden),
which is resistant to all adherence. Chitin (Beschitin, Unitika, Osaka, Japan), and other natural substances, have their
advocates. The important aspects are: nonadherence, a barrier to contamination, and assiduous care and compliance.

A

B

C

Surgical Options for Cover
Amputation
In cases where a significant part of the digit is crushed with
accompanying disruption of the nail complex and/or the
distal interphalangeal joint, amputation with closure of
locally available skin may be the indicated option. In this
situation, it may be appropriate to elect to ablate any nail
elements which, regenerating, will be unsupported, nonadherent, unattractive or likely to lead to functional problems
such as snagging on clothing.
Much morbidity results from amputation performed
without proper regard to indications and points of technique. There is a natural tendency to preserve length at all
costs. The aim should be to achieve a nontender digit covered by good-quality skin, irrespective of length. It is better to elect for a slightly shorter length, with good quality,
mobile skin cover, than to preserve length at all costs but
with a tight and painful digit end. A digit with tense, painful, skin cover may well be excluded from function, resulting in an effective loss of all useful length. This is particularly
true of the index, which is readily substituted by the middle

• Fig. 46.3 The levels of amputation. Level 1: There is a skin defect
with minimal loss of nail and no significant loss of supporting distal
phalanx. Indication: Dressing or, if bone exposed, advancement of
skin flap. Level 2: A significant portion of nail and supporting bone
is lost. Indication: Ablation of nail remnant and trimming of bone so
as to preserve the next vital structures, the insertion of extensor and
flexor, while achieving tension free cover (direct closure or flap). Level
3: The tendon insertions are disrupted. Indication: Trimming of bone
and removal of articular cartilage to achieve skin cover with appropriate cover (direct closure or flap). (A,B Courtesy Dr. DA Stearns,
Department of Emergency Medicine, Massachusetts General Hospital,
Harvard Medical School, Boston.)

finger and regularly requires subsequent revision. It is a wise
surgeon who seeks to prevent the cycle of pain, tenderness,
and exclusion.
There are three generally indicative levels of amputation
of the fingertip (Fig. 46.3):

  

Level 1: involves loss of skin and only a minimal loss of nail
and distal phalanx. In this case all of the tip vital structures are preserved and skin cover is indicated.
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Level 2: involves loss of skin and most of the distal phalanx/
nail complex. In this case the nail should be ablated and
the next proximal structures to preserve are the tendon
insertions. Just enough bone should be left, to preserve
these insertions which will preserve power and elements
of proprioception.
Level 3: has lost all nail elements and the tendon insertions.
The condyles of the middle phalanx can be removed to
prevent an unattractive, spatulate stump shape. The phalanx is shortened to a level where tension-free, good skin
cover can be achieved. One should not be tempted to
anchor the tendons, or to suture them to each other. This
invariably leads to an imbalance and most frequently to
a flexion contracture.
  
All amputations require attention to the nerve ends. One
should take the opportunity of any skeletal shortening to
keep the nerve ends long and to transpose them dorsally,
away from contact areas.

Options for Skin Cover
If skin cover is required the options are:
1.	Skin graft, or
2.	Flap cover.
Reconstruction most often involves moving tissue around
from one site to another, with the added, vital, phrase “and
keeping it alive.” Blood supply is paramount. A skin graft
requires a bed capable of angiogensis, the essential process of
“take.” “Take” is the establishment of a blood supply to support a graft. A flap requires no such bed – it brings its own
blood supply and can be placed over any surface, including
metalwork. Provided this principle is observed, the decision
can then be taken on what form of cover will best restore
function and structure. The concept of the “reconstructive
ladder” with its implications that one chooses the simplest
reconstruction available, is outdated – one chooses what is
appropriate and best restores form and function.
It follows that the surgeon must have in his/her repertoire as large a variety of reconstruction as possible, in order
to match the reconstruction to the defect, and patient, and
not the other way around. This, incidentally, is another
strong reason for involvement of experienced, senior surgeons. All too often this process is left to those with one or
two methods at their disposal; this invariably results in the
dispensation of a method which the surgeon knows, rather
than that which is appropriate.

Skin Grafts
Provided the bed will ensure take, a split-thickness skin graft
(STSG) provides excellent temporary cover or permanent
cover of a “low priority” area, including a secondary defect,
from flap harvest. Many wounds involve crushing or bursting mechanisms and it is difficult, at first view, to be sure
of viability unless one is wastefully radical with excision. In
such situations, a flap may be the appropriate skin cover but

its territory may itself lie in the area of trauma. Proceeding
with immediate flap cover may lead to flap loss and failure with waste of a reconstructive option. A skin graft may
provide comfort, initiate healing, resolve inflammation, and
will keep all other options open.
In some situations, skin graft provides good definitive
cover. These include the trailing aspects of digits and the
secondary defects from the raising of a flap. It need hardly
be added that a flap donor source is chosen from an area
that can be closed directly, can take a skin graft, or can be
left to heal by secondary intention.
Skin grafts do not provide good definitive cover in
the pulp, where accurate, pain-free sensibility and good
mechanical properties are required. In such a situation, the
skin graft will lead to unacceptable hyperesthesia, poor cosmesis, and troublesome long-term fissuring.
The choice between split- and full-thickness skin graft
(FTSG) is a matter of balance of various factors. A fullthickness graft requires a better quality bed, since there is a
larger cell population to nourish. Take of a split-skin graft is
more reliable on a poorer bed. Conversely, split-skin grafts
contract more significantly than full-thickness grafts – an
important factor in cover of mobile areas crossing joint
creases and anywhere in the growing hand.

Points of Technique
Split-Thickness Skin Graft

1.	Donor site: Small grafts can be taken from the hypothenar mound. The skin here is thick enough to permit harvest of the dermis while replacing the epidermis.4 Larger
grafts can be taken from the proximal inner aspect of the
forearm, where it can be unattractive and/or tender or
from the thigh. With both STSG and FTSG, the opportunity to harvest skin, or indeed any other element, from
a finger that is to be discarded should not be lost (the
concept of “the bank digit”, see below).5
2.	A guarded skin graft knife is used, such as the Watson,
Humby, Silvers knife or, for larger areas, the electric dermatome.

Full-Thickness Skin Graft

1.	Donor site: Avoid harvest from the wrist skin crease –
scars here can be misinterpreted as the outcome of selfinflicted wounds and can prove tender and troublesome
with the wearing of watches or bracelets. The cubital fossa
provides ample skin for most needs in the hand and digits. It is usually hairless, and is in the same bloodless field,
which speeds up proceedings and makes harvest more
accurate. Hairy donor sites should be avoided – harvest
from the groin crease in children before the distribution
of pubic hair is evident provides a common pitfall.
2.	The graft should be taken thin, without subcutaneous
fat, or thinned just before final detachment.
3.	The graft should be sutured tense over the recipient site
(suture of a graft provides the only instance when suture
under tension is permissible) and larger areas require a tie
over dressing.
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Finally, one may mention the composite graft as a form
of skin grafting. This is particularly applicable in the child’s
hand, when the section is clean and the segment uncrushed.
It is more successful the fresher the injury and the younger
the child. The amputated part should be applied rapidly,
with minimal dissection of either surface and with accurate
alignment of landmarks, such as nail fold and even print
ridges. Parents are warned that the method is not guaranteed and that reconstruction may be required if it fails. The
part often appears to necrose and perish, only to reveal accurate resurfacing some 3 weeks later when the carapace falls
off or is peeled off.

Flap Cover
The indications for flap cover may be summarized:
1.	When bone, joint, and tendon are exposed, or when
metalwork needs cover. In some situations one has no
choice but to apply a skin graft to intact tendon sheath
or paratenon, or even direct to cancellous bone where
somewhat surprisingly, it frequently takes. These are relative indications – by and large, exposure of such structures requires flap cover.
2.	When deeper structures are not exposed and the defect is
capable of nourishing a graft, but sensibility, mechanical
quality or cosmesis are relevant requirements.
Flaps have been classified in all manner of ways. In the
hand, the most relevant classifications are two:
1.	The basis of the blood supply – preservation of continuity
of blood supply is paramount. This may be either left
unidentified in the flap base (e.g., the Hueston flap6 or
the cross finger flap7) or formally dissected free, as in the
islanded flaps. In general, the latter type of designs are
the more mobile and versatile, but demand a higher level
of technical expertise.
2.	The presence of sensibility – for classification purposes,
one may consider “sensate” flaps those which maintain
pulp quality and replace lost pulp with sensate pulp. One
should not consider adequately “sensate” the cross finger
flap, which regains some sensibility despite the numerous
reports of recovery of “excellent” two-point discrimination.8,9 Nor should one consider that the transfer of an
island of dorsal skin (e.g., the kite flap) to replace adequate pulp quality sensibility.
On this basis, one may classify the commonly available
flaps thus:
• Relatively insensate flaps
• Kite flap
• Delayed flaps: cross finger, thenar, distant flaps, e.g.,
groin flaps, random flaps
• Free venous flaps
• Relatively sensate flaps
• V–Y advancements
• Thenar advancement
• Bipedicle homodigital
• Homodigital islands (Segmuller,10 Venkataswami,11
Joshi12)
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• H
 eterodigital (Littler13)
• Free flaps, e.g., hemipulp transfer from toe or from a
bank digit. The recovery of sensation is inversely proportional to age in these examples.
This definition of sensate/insensate is a working classification serving to underline the importance of replacing
like with like. It sorts out flaps rather too harshly on the
basis of restoration of pulp quality sensation. Many studies report recovery of 2-point discrimination approaching
normal in flaps that cannot transfer nerve continuity, such
as the cross finger flap.9,14 In this context, one should note
that our methods of assessment of sensory discrimination
remain relatively crude and subject to significant operator
variability and subjectivity.
The description of flap qualities is not intended to label
any flap superior or inferior to others. All are useful in
context and the wise reconstructive surgeon will master all,
and will amass a large repertoire on which to draw when
analyzing each individual defect. It cannot be repeated
too often that each defect will have qualities that will be
met by this or that flap, and one should have all at one’s
disposal, so as to be able to produce a flap that matches
the defect, not the other way around. In this regard, one
should resist the tendency to refer to this or that flap as
a “workhorse” or to apply the same, favorite, flap to a
wide variety of defects. Conversely, it is also ill advised for
the inexperienced to be captivated by a clever flap and to
resolve to “try” it.
The account below cannot be exhaustive. Representative
flaps in each category have been selected which illustrate the
principles of selection, technique, flap attributes that form
part of the analysis, planning, and execution of skin cover
of the digit.

Flaps with Less than Pulp-Quality Sensation
The Kite Flap
This flap was originally designed, with a wide base pedicle,
by Holevitch.15 Vilain and Michon developed this design,
narrowing the pedicle to about 1 cm, including the vascular axis, and this design was named the “flag flap.” It was
Foucher who islanded the skin flap, denuding the pedicle
of skin and conferring a greater degree of mobility as well
as the potential for tunneling of the pedicle.16 The island of
skin is raised in a plane just superficial to the extensor tendon parateneon (which must be left intact so as to receive
a graft). The pedicle includes the first dorsal metacarpal
artery, local veins, as may be found (usually plentiful), and
any superficial branches of the radial nerve that are identifiable (Fig. 46.4).
The radial nerve branches provide sensation but the
density of end organs in the dorsal skin never matches the
density required to provide pulp-quality sensation and it is
for this reason that this flap is included in the “insensate”
category.
Although it is tempting to use it for resurfacing of the
leading edge of thumb pulp, its use should be reserved to
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• Fig. 46.5

Cross finger flap raised on the dorsum of the middle finger
to resurface distal palmar index. The secondary defect receives a skin
graft.

• Fig. 46.4

The Kite flap raised on the dorsum of the index.

areas with less demanding sensory qualities, such as the dorsum of the thumb and the radial aspect.
Important Points of Technique

1.	The first dorsal metacarpal artery should be identified
early since it may follow a course part way through the
substance or fascia of the first dorsal interosseous muscle.
2.	It is prudent to include any veins that can be gathered
into the pedicle – a surfeit of veins makes for a healthier
flap.
3.	Terminal branches of the radial cutaneous nerve are fine
and must be sought and preserved.
4.	If the flap is tunneled, the tunnel must be generous and
without sharp kinks in its course.
5.	The donor area must be carefully protected, the paratenon
left intact so as to receive a graft.

Advantages

The technique is relatively unchallenging and the flap is
robust provided important points of technique are observed.
The loss of skin from the dorsum of the index produces no
functional impairment. Care with the dissection should
ensure full and immediate take, so that the cosmetic defect
is minimized. The pedicle is mobile and long and permits
placement of the flap in a wide radius of reach.
Disadvantages
The quality of the thin, poorly sensate, transferred skin
cannot replace glabrous skin with its myriad of end

organs and special mechanical qualities. This limits its
application. The transferred skin may be hairy, particularly in males and, in black skin, will be darker than
palmar skin. The skin graft applied to the donor site
may pigment.

Delayed, Staged, Flaps
The Principle of Delay

Delayed flaps have a random design, i.e., they are not
planned over a known vascular pedicle. They are inset into
a recipient defect and their relative ischemia (which can be
encouraged by judicious clamping) encourages ingrowth of
vessels from the recipient site. The flap can then be detached
from the donor site. The period required before the flap can
be safely detached from its original vascular supply varies,
but generally depends on the quality of blood supply in the
recipient bed and the volume of flap that must be nourished. The principle of delay is discussed in more detail in
Chapter 1.

The Cross Finger Flap
Gurdin and Pangman are credited with the first description of this flap, which uses a well-established principle. It
is still one of the most commonly used (and abused) flaps
employed for skin cover in the digits.7 In principle, dorsal
skin from a digit is raised and turned over like the page of a
book. A palmar defect in an adjacent digit can be inset and
receive cover. The secondary defect receives a graft. There are
a number of variations, including the innervated neurovascular cross finger flap and the reverse dermis cross finger flap
(Figs. 46.5 and 46.6).
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• Fig. 46.6 Cross finger flap. (A) The defect on the anterolateral part of the thumb. (B) The cross finger
flap raised from the dorsum on the index finger, leaving behind the paratenon of the extensor tendon
for skin grafting. (C) The flap is inset without tension, and the pedicle left attached for 3 weeks before
division. (D,E) The healed flap on the thumb and the grafted donor site on the index finger. (Courtesy
Peter Burge.)
Important Points of Technique

1.	
The recipient defect should be thoroughly debrided
before planning of the flap.
2.	It is best, if possible, to design the flap over the dorsum
of the finger between the interphalangeal joints.
3.	The flap must be raised carefully so as to preserve its
dermal plexus but also to leave behind a graftable
defect.
4.	The skin graft (usually full-thickness) is best secured
and inset into the donor defect before the flap is
sutured to the recipient. It is easier to gain access to all
the borders of the graft while the fingers are still unattached.

Advantages

The flap is reliable, simple to perform, and versatile – the
same digit can act as donor, giving a flap to a neighbor and
as recipient, receiving a second flap from another neighbor,
e.g., dorsum of middle finger to palmar index combined
with dorsum index to palmar thumb.
Disadvantages

The enforced delay produces stiffness, particularly in the
PIP joint of the recipient finger, which is kept flexed for
some 2–3 weeks. Pigmented, or hairy, dorsal skin may be
unsightly on the palmar surface (Fig. 46.7). A skin graft
is required and may pigment. The flap is totally insensate
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• Fig. 46.7

Pigmented cross finger flap. (A,B) Dorsal, hairy, pigmented skin transposed to pale palmar skin.
(Courtesy Peter Burge.)

unless modified in one of the described methods (e.g.,
Venkataswami), which are technically more demanding. Its
lack of sensation should restrict its use to more proximal
defects where the pulp has been preserved.

Distant, Delayed Flaps
The limited indications and disadvantages of locally sourced
delayed flaps hold true for distant flaps with the added problems of immobilization and difficulties with elevation of the
hand. Nevertheless, it is occasionally necessary to raise and
use a random flap from abdomen or arm or an axial pattern,
delayed flap from the groin. The groin flap has its application, delayed or by immediate free transfer, in larger defects,
especially in staged reconstructions such as multidigit loss
which may later receive free toe transfers, at which time it
is a bonus to be able to transplant into good-quality trophic
skin rather than dense scar.

Flaps with Pulp-Quality Sensation
The Atasoy Flap17
Some elements of the literature have likened this V–Y
advancement of pulp flap described by Atasoy in 1970 to
the Tranquili-Leali flap18 described in 1935, to which some
even attribute precedence. There is no connection between
the two other than the original triangular shape of the flap
(Fig. 46.8).
The Tranquili-Leali flap involved division of both vascular
pedicles and flap survival depended on direct supply from the
vertical connections between skin and deeper surfaces. This
was sheared forward rather like a jelly and its advancement
was very limited. In fact the Atasoy flap is a bipedicle island
flap, raised on both, intact, vascular pedicles and nerves.
Important Points of Technique

1.	Selection is crucial. Only transverse or dorsally inclined
defects should be considered. At least half of the distal
phalanx should be preserved to provide adequate nail
support.

2.	The width of the advancing edge must correspond precisely to the width of the nail plate. Too narrow a flap
produces unattractive “shoulder pads” either side. Too
wide a flap produces an unattractive spatulate result.
3.	The flap must be completely islanded, i.e., it must remain
attached only by the neurovascular pedicle.
4. The proximal V apex need not be limited to the DIP
joint crease. The flap should be designed of the dimensions required and the crease line is an irrelevant landmark.
5.	If, postoperatively, there seems to be tension, or congestion, only the side sutures should be considered for
release. The leading edge sutures must be left intact; their
division will result in retraction of the flap proximally,
exposure of bone and healing with a tender, dimpled
scar.
The Kutler flaps,19 double V–Y advancements, each flap
on either side of the digit tip, are mentioned because they
bear a superficial resemblance to the Atasoy V–Y but, once
again, the main point in common is the shape. They are
technically challenging and generally unreliable, not least
because the anatomy of the vasculature on this area is variable. The vascular arcade in the pulp may be U-shaped,
Y-shaped or H-shaped20 and one cannot rely on an axial
vessel on either side, in the flap triangle. In practice, Kutler flaps are raised without islanding, left attached to their
bed, and teased forward to obtain modest advancement, a
process made more difficult by the presence, in the flap, of
Cleland’s ligament, which must be teased apart or divided.

The Thenar Advancement Flap
This flap consists of the entire palmar surface of the thumb,
raised off the flexor sheath and skeleton, and stretched distally to cover a distal transverse defect. It enjoys the advantage of perfectly sensate, homodigital cover, which requires
no re-education (Fig. 46.9).
In essence, this flap “creeps” distally, the division of septa
and tethering fibers enabling the skin to cover a larger area
by stretching. In practice, there is also an element of flexion
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Atasoy flap. (A,B) The flap is raised as a V on palmar skin. The distal width of the flap must
equal the width of the nail plate. The digital bundles on either side are mobilized. It is important that the flap
be entirely islanded free from its bed and attached only by the pedicles with a generous sheath of fat. The
flap is advanced and inset. The secondary defect can be closed as a V–Y or left to heal. In selecting an
appropriate defect, it is important that the amputation be angled transversely or, preferably, with a dorsal
angulation.

A

B
• Fig. 46.9

C

The Moberg flap. The flap is raised in the plane of the flexor pollicis longus sheath and includes
both digital bundles. The original flap simply advanced by “creep;” aided by some flexion of the thumb,
and with no secondary defect. Further advancement can be obtained by transecting (and islanding) the
base (O’Brien), and grafting or closing as a V–Y (Carroll). Clinical case: (A) The defect. (B) The flap raised in
classical design. (C) The Carroll V–Y modification to close.
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• Fig. 46.10

The O’Brien islanded flap. O’Brien modified the Moberg flap by transection of the base and

islanding.

of the IP joint in most instances, so that the defect comes
to meet the flap as much as the flap advances to cover the
defect. Flexion contracture of the IP joint is a common
sequel to this flap and is, fortunately, not a significant functional impairment.
The flap, originally described by Moberg,21 is applicable
only to the thumb, which enjoys a dual vasculature, dorsal
and palmar, so that the two can be separated. Application in
other, long, digits, as advocated by Snow, runs a significant
risk of necrosis of the dorsal skin.
Important Points of Technique

1.	The neurovascular bundles in the thumb lie apposed
to the FPL tendon sheath either side and not down the
midlateral lines.
2.	The parallel incisions must be strictly in the midlateral
axis if one is to avoid subsequent flexion contracture.
3.	If the flap does not advance enough and/or is too tense,
one can join the two parallel incisions on the palmar
aspect, effectively islanding the flap on its bundles as
advocated by O’Brien22 (Fig. 46.10) or close the base as
a V–Y (Carroll) (see Fig. 46.9).

The Advancement Rotation Flap
This flap is based on one digital bundle, without islanding, rotating to cover a terminal defect. It was described by Hueston6 (Fig.
46.11) as a square, or rectangular flap, raised by an L-shaped
incision. It excludes the neurovascular (NV) bundle from the
leading edge and is nourished by the NV bundle in the base.
This means that the leading half of the flap is insensate.
Important Points of Technique

1.	Selection is best reserved for transverse amputations or
for oblique loss slanted towards the base. This minimizes
the required arc of travel.
2.	One should divide Cleland’s ligament in the static base
of the flap, since this base too is involved in the stretch
and rotation required.

• Fig. 46.11

The Hueston flap. The flap is square, raised palmar to the
leading edge NV bundle, in the plane of the flexor sheath and nourished by the NV bundle in its base. The leading half of the flap is insensate since the leading edge bundle is not included.

3.	The distal end of the base will produce a dog-ear and
this should be dealt with in the manner described by
Foucher, by excision of a square of skin on the dorsum
(Fig. 46.12) without reducing the width of the base pedicle.
4.	The secondary defect, a raw triangle at the proximal border, can be left to heal by secondary intention or may
accept a STSG.
5.	Provided the underlying bone is not wide (for instance
including phalangeal condyles), one should not trim the
skin to coat the skeleton too closely. A looser skin pocket
will contract to conform to the skeleton without tension.
The issue of loss of sensation of the leading half has been
addressed in various ways:
• Souquet described a modification which included the
leading NV bundle in the flap and teasing it so as to
permit some stretch. This maintains sensation but
greatly limits the ease of rotation and movement (Fig.
46.13).
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Foucher elimination of the Hueston dog-ear.
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• Fig. 46.14

Sammut modification of Souquet flap. The Hueston flap has
a wide arc of rotation, but the leading edge is insensate. The Souquet
flap moves far less but is entirely sensate. The Sammut achieves the
best qualities of both flaps by including the leading pedicle (retaining
sensibility) and mobilizing it so that it permits flap advancement.

but mobilizes the leading NV bundle to obtain better
movement.

The Island Flaps, Homodigital and Heterodigital

•

Fig. 46.13 The Souquet flap. Like the Hueston flap, the design is
square but includes the NV bundle in the leading edge. The flap will
rotate less but remains sensate in all areas.

• Th
 e flap can be based on the leading edge of a digit, so
that the insensate half comes to be placed on the trailing
edge and is of lesser functional consequence.
• The two techniques, Hueston and Souquet, can be combined in the manner described by Lloyd and Sammut
(Fig. 46.14),23 which includes both bundles in the flap,

Numerous variations of islanded flaps have been
described10–12 but the principle is the same as that originally designed by Littler, who, in 1953, raised an island of
skin from the ring finger, on its NV bundle, and transferred
this to the ulnar aspect of a reconstructed thumb to confer
sensation.13
These are amongst the most versatile flaps for reconstruction since the pedicle permits so much movement. They
are technically challenging but provided important points
of technique are observed, they have a safe ratio of blood
supply to volume of flap. In most cases they are raised on a
digital artery which could have supplied the entire digit and,
in supplying an island, is now providing generous vascular
input.
The homodigital flaps (Segmuller,10 Venkataswami,11
Joshi,12 Evans24) vary in their design and orientation – the
Segmuller flap is lateral, the Joshi design is predominantly
dorsolateral, and the Venkataswami modification was
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• Fig. 46.15

Design of the homodigital island flap.

designed obliquely lateral (Figs. 46.15 and 46.16). Evans
designed an ingenious version, the step advancement island
flap which utilizes a series of triangular flaps each of which
advances distally into the next defect, such that the most
proximal secondary defect is closed directly (Fig. 46.17).
Many modifications of the island flap have been described,
including the exchange island flap (Foucher) (see Fig. 46.2);
the technique of dividing the flap nerve and anastomosing
it to the nerve in the defect in order to minimize reorientation.25 Glicenstein proposed a retrograde perfusion flap
similar in principle to the Chinese radial forearm flap, but
based in the digit and rotating on the transverse arcades at
the level of the joints.26
The vessel and nerve, with accompanying fat which
contains essential venous drainage, are dissected free, as
far proximally as is required. Additional advancement can
be obtained by supplementary techniques such as ligation and section of the vessel to the adjacent digit at the Y
bifurcation and by careful longitudinal separation of the
relevant elements of the digital nerve from the common
digital nerve. On the radial side of the index the digital
bundle is tethered at the base – additional advancement
can be obtained by releasing the bundle from this tethering (Fig. 46.18)
Important Points of Technique

1.	The digital artery is not accompanied by an identifiable digital vein, since most venous drainage in the digit
travels via the dorsum. It is important to include the
fatty investiture of the NV pedicle since this contains

important venules that later dilate and drain the flap
(Fig. 46.19).
2.	One must produce adequate advancement and not be
tempted to flex the finger to accommodate the flap. Flexion contracture inevitably follows. The finger must leave
the operating room with the flap inset and without resort
to flexing splintage.
3.	Any tunneling must be relaxed, ample, and there should
be no points of kinking. The process of tunneling must
also ensure that no twisting movement of the pedicle
occurs.

Free Pulp Transfer
First described by Buncke and Rose in 1979,27 free pulp
transfer gives arguably the most “like for like” reconstruction, the subcutaneous fat, fibrous septa, and glabrous skin
of the toe pulp providing an excellent pad for the fingertip. In the young, where a useful return of sensation can be
expected from nerve anastomosis, free transfer provides the
opportunity to customize the transferred tissue for reconstruction. Options include the contiguous hemipulps of
first and second toes, toenails including germinal matrix,
wrap-around flaps from first or second toes, and partial
lesser toes.28
Pulp flaps can consist of simple skin islands or may
extend to inclusion of the nail as a wrap-around flap. In
this case, it is useful to include the distal phalanx of the toe
to which the nail matrix adheres, to provide stability and
to prevent resorption of the otherwise “open” end of the
recipient skeleton.
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• Fig. 46.16

The homodigital island flap. (A–D) The island is designed over the neurovascular bundle which
is dissected to the base and advanced. The secondary defect receives a split-thickness skin graft.

Important Points of Technique

1.	Most microsurgeons will favor distal to proximal dissection in this situation. This ensures that the island of tissue is in continuity with the vessel to be harvested and
also minimizes the incursion into the donor toe.
2.	The design and harvest of the flap and the preparation
of the recipient should ensure that the transferred tissue is not excessively bulky to avoid the well-recognized
“cobra” appearance of the recipient digit

The Bank Digit
The concept of the “bank digit” was introduced by Foucher.5
In multidigit trauma a damaged finger might be beyond

salvage but may still be capable of providing elements useful
in the repair or reconstruction of other digits. These include
any element ranging from split-thickness skin graft, and
nail plate, to arterial grafts or a complete island (or free)
flap. One should not miss the opportunity to utilize such
elements.

Venous Flaps
The concept of establishing an arterial inflow to a venous
flap (“arterialized” venous flap) was introduced in an experimental model by Nakayama et al in 1981,29 and then used
clinically both by Mimoun et al30 and Yoshimura et al,31 the
latter to reconstruct a traumatic finger defect.
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A

B
• Fig. 46.17

C

The Evans step advancement island flap. (A) An island is designed with triangulated edges and
the flap is advanced such that the leading portion surfaces the defect and successive triangles advance
by one place. (B,C) Design of the flap. Note that the dorsal border is a straight midlateral line and that the
triangles diminish in size from distal to proximal.
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Fig. 46.17 cont’d (D) The flap is completely islanded. (E) The flap is advanced so that each triangle takes
the place of the defect immediately distal. The final, proximal, defect is closed. (F,G) Result.
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A

B
• Fig. 46.18 Release of base of radial pedicle in the index. (A,B) The radial NV bundle in the index executes
a sharp angle at the base. Useful extra advancement can be gained if these tethering bands are released,
and the NV bundle straightens out.

allows a choice of pedicle whose length can be tailored and
the flap orientated to suit the fingertip defect. Small cutaneous nerves invariably run with the veins and these can be
anastomosed to terminal branches of the digital nerves.
Disadvantages

The veins supplying these flaps are <1 mm diameter and
the anastomoses are technically challenging. Venous flaps
are inevitably difficult to monitor, as their initial blueish/
purple hue and gradual darkening is easily mistaken for vascular congestion. Capillary refill is always more brisk than
the norm for flaps but is a reliable indicator.
• Fig. 46.19

Fatty pedicle. The neurovascular bundle contains no formal vein since venous drainage is mainly on the dorsum of the digit. It
is important to include generous fat with the pedicle since it contains
important venules and drainage.

Thatte and Thatte32 subsequently classified venous flaps
into three types:
a.	venous flow-through (venous inflow, venous outflow),
b.	single venous pedicle, and
c.	arterialized (arterial inflow, venous outflow).
This classification is generally accepted, although it is
only the arterialized venous flap which has a role in fingertip reconstruction.
Advantages

Advantages include ease of harvest and a thin versatile flap
with minimal donor site morbidity are the chief advantages of the free venous flap. Several veins are usually visible through the thin skin of the volar wrist/forearm which

Points of Technique

The afferent and efferent veins of the flap should not be
in direct continuity, since blood flow may choose this low
resistance route and shunt from one to the other without
perfusing the capillary bed. Longer pedicle length will aid
the microsurgery Some operators prefer shorter pedicles to
try to limit the number of valves within the afferent veins.33
Either way, the venous flaps should be reversed so any valves
will not impede blood flow.

The Nail
The nail deserves special mention since it is often neglected
in crush and amputation injuries. Deformities of nail shape
or growth can compromise otherwise very successful and
ingenious soft tissue reconstruction.
Many such unfavorable outcomes can be avoided if basic
features of nail support and growth are borne in mind (Fig.
46.20).
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1.	The germinal matrix must be unscarred. If it is involved
in laceration, it should be repaired as accurately as possible, preferably with microscope assistance.
2.	The nail fold must be kept open – the nail plate is only
plate-shaped because the nail fold permits it out of the
germinal matrix in this shape, much as the outlet of a
toothpaste tube dictates the round shape of the extrusion. If the nail plate is removed, detached or lost, it
should be replaced and kept in the fold while a new nail
plate is advancing.
3.	The sterile matrix has special qualities – it allows the
nail to adhere, while permitting slow progression of the
plate as it grows. It is also smooth and flat, as is the plate.
Any laceration of the sterile matrix must be repaired as

Nail body
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accurately as possible, preferably with microscope assistance, in order to reduce scarring and preserve these
qualities.
4.	The distal phalanx is essential for support, while the pulp
provides no structural support. A digit without pulp will
support the nail (Fig. 46.21) while one with soft tissue
but no bony support will allow the nail to curve over the
end (Fig. 46.22). Even crushed elements of distal phalanx should be preserved if possible and be allowed to
unite – it is often surprising how well these will remold
or require minor secondary surgery while the support is
maintained.
5.	All surgery to an injured nail structure is best performed
in the acute situation while these structures are relatively
supple and, indeed, have some distinctive features that

Lunula
Nail root

Matrix
Nail bed

Eponychium

Hyponychium

Fibrous septa

•

Fig. 46.20 Cross-section of nail complex. The germinal matrix, the
nail fold, the sterile matrix, and the support provided by the phalanx are
all essential elements in producing the nail complex shape and structure. (From Siegel DB, Gelberman RH. Infections of the hand. Orthop
Clin North Am. 1988;19:779–789.)

A
• Fig. 46.21

• Fig. 46.22 Hang nail. The loss of distal phalanx length removes support for the nail.

B

Nail support. (A,B) The presence of the phalanx provides full support for the nail despite loss
of all soft tissue.
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aid identification. Elective secondary surgery on germinal matrix or sterile matrix is especially difficult if it has
been allowed to scar.

Psychological Aspects of Hand Injuries
All injuries and surgery to the hand carry a psychological
dimension. Leaving aside the special situation of the professional sportsman, the musician, the creative artist, the
child, most will require their hands to earn their living and
for the performance of the most elemental functions. It is
part of the initial assessment of any hand injury, quickly
to sense these dimensions and to incorporate them in one’s
analysis and plans. The manual worker who suffers a major
hand injury in a repetitive, uninspiring and low-paid job
also merits particular attention to this aspect. The initial
attention by many professionals, and the sudden thrust
into the center of attention, is unfamiliar and curiously welcome. Surgery and assiduous care follow, then discharge and
increasingly spaced visits, until this person comes out at the
other end of the process, back in a humdrum, low-paid job
(or unemployed), now with even worse employment prospects and skills. The attention disappears and the specialized
team moves on, while life is now even less inspiring and
lower-earning.

Conclusions
1.	Assessment of the defect, overall injury, and psychological aspects is crucial, as is the formulation of a plan based
on restoration of function, not mere anatomy.
2.	The managing surgeon should master as many techniques as possible, even those that seem unspecialized or
unappealing. The larger the toolbox available the more
likely is there to be found just the right tool for the task.
3.	The patient must be as informed as possible of the issues
at stake, the plan of action, the realistic outcome, and
the possible complications. The need for secondary procedures should be set at the outset so that it becomes part
of an anticipated plan not a remedy for initial failure.
4.	If tissue is to be discarded, one should always be aware of
the possibility of harvest of skin, nail, bone, etc. for use
in reconstruction in other digits.
5.	Points of technique for the various methods must be
respected since there is usually little room for error or
revision. It need hardly be added that a method should
be used only if technical competence has been achieved
and not merely because it is an enticing and attractive
technique.
In the field of skin cover of the fingertips, restoration
of function is the goal. Despite ingenious and constantly
evolving methods of tissue movement and reconstruction,
this field is dogged by perennial limitations, including: the
relatively limited outcome of nerve repair; the incidence of
neuroma and cold intolerance; the problem of scar contracture. Advances in the understanding of nerve regeneration
and methods of influencing nerve recovery may one day

transform our approach to these common and debilitating
injuries.
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