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Abstract

Hand aesthetics in general and aesthetic refinements of soft-tissue coverage of the hand in
particular have been increasingly considered over the past few years. Advancements of
microsurgery together with the traditional methods of tissue transfer have expanded the
armamentarium of the reconstructive surgeon, thus shifting the reconstructive paradigm from
simply “filling the defect’ to reconstructive refinement to provide the best functional and aesthetic
results. However, drawing the boundary between what does and what does not constitute
‘aesthetic’ reconstruction of the hand is not straightforward. The selection amongst the vast
amount of currently available reconstructive methods and the difficulties in objectively measuring
or quantifying aesthetics has made this task complex and rather arbitrary. In this article we divide
the hand into several units and subunits to simplify our understanding of the basic functional and
aesthetic requirements of these regions that may ultimately bring order to complexity.
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Introduction

The primary goal of reconstructive hand surgery has traditionally been focused on restoring
function. However, hand aesthetics and the key parameters that define the aesthetic goals
and outcomes of soft-tissue reconstruction of the hand have not been well described in the
literature.1=3 Although the greater emphasis on restoring function more than appearance is
logical, hand surgeons should be mindful of a patient’s needs and desires to restore form as
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well as function. The hand plays an important role in social functioning, expression,
productivity, and interactions with our surroundings. Hand deformities resulting from
trauma or tumor resection may lead to undesired behavior such as excessive anxiety,
negative self-perceptions and lowered self-esteem.4-6 Data obtained from patient-reported
outcome studies have shown that improving hand appearance is one of the important factors
why patients with hand deformities may seek reconstructive hand surgery.’-2 Other studies

showed that improving patients’ appearance including hands improves patients’ quality of
life 10-12

Given the impact of aesthetics on patients’ physical and psychological well-being, aesthetic
refinements of soft-tissue coverage of the hand are essential consideration during surgical
planning. In the past, the relative limited experience and concern with flap failure hampered
hand surgeons from performing creative soft-tissue reconstructions that can enhance the
aesthetic outcomes. In recent years, however, improvements of flap survival owing to better
understanding of the vascular anatomy coupled with the advent of innovative flap designs
and harvesting techniques have substantially changed the philosophy of reconstructive hand
surgery.13-16 A successful soft-tissue reconstruction should no longer be measured only by
the rate of flap survival or the degree of improvement of hand function. Rather soft-tissue
coverage that provides optimal functional and aesthetic outcomes, minimal donor-site
morbidity, and improves patients’ quality of life, is becoming the new standard of practice
for reconstructive surgery.16

To date, several flaps and reconstructive techniques have been employed to provide
coverage for soft-tissue defects of the hand and digits1®-18, yet choosing the ideal soft-tissue
cover that gives the best functional and aesthetic outcome for a particular defect can be a
challenging task (Table 1). With any type of soft-tissue reconstruction, the principal
objective is to restore form, function, and sensation of the hand. Patients and surgeons often
lament that the soft-tissue cover is either ‘too thick’ or ‘too thin’ as a result of a bulky flap or
an unsightly contour defect from skin grafting. The development of scars and skin
contractures, nail deformities, and areas of color and texture mismatch may give rise to
similar aesthetic concerns. Although the literature is not short of descriptions of flaps and
other techniques for the soft-tissue coverage of the hand, little is known about what is
deemed aesthetically pleasing in this particular part of the body. This paucity of evidence
may be attributed to the majority of the published work comprising only of a small number
of comparative studies, most of which have no set criteria of predefined aesthetic
parameters. Additionally, the lack of an internationally accepted aesthetic guidelines and
standardized outcome measures makes it difficult to further guide the aesthetic
reconstruction of the hand. 19-23

In this special article, we critically appraise the literature to identify the key parameters and
determinants of aesthetics regarding soft-tissue coverage of the hand. Through various
clinical applications, we will demonstrate the utility of these parameters as a conceptual
framework that can further guide the decision-making process for the most appropriate type
of soft-tissue reconstruction, taking into account patients’ preferences as well as the skills
and preferences of the operating surgeon.
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Functional aesthetic units & subunits of the hand

Anatomic and topographic considerations of the hand

An aesthetic unit is a major structural unit separated from adjacent units by junction lines
that share similar skin characteristics of color, texture, thickness, contour, elasticity, pore
density, hairiness and sebaceousness.?* Further breakdown of these areas into smaller units
are called subunits. Gonzalez-Uloa first popularized the concept of aesthetic units for facial
reconstruction,® and later Burget and Menick26-28 further delineated these regions into
smaller subunits. These pioneers advocated that by reproducing the natural contours,
highlights, and landmarks of the face and hiding surgical scars within natural skin folds and
creases would create the mental image of normalcy. For many years the principles of
aesthetic units and subunits formed the basis of facial reconstruction and have been utilized
in soft-tissue reconstruction at other regions of the body such as the breast and the gluteal
region.29-31

Compared to the face and breast, the hand has special functional requirements such as
mobility and sensibility. For example, when placing a skin incision or designing a skin flap,
the surgeon must take into account the structure and mobility of the area it spans, the
relation to deeper structures, the blood supply, and the cutaneous innervation of the
integument. Tubiana32 divided the hand into several distinct regions based on functional
anatomy and called these regions the ‘functional cutaneous units’ of the hand. We elaborate
on the original classification made by Tubiana and refer to these regions as the ‘functional
aesthetic units & subunits’ of the hand (Fig. 1, A-B), taking into consideration the principles
of visual perception as well as the topographic and anatomic features of the hand, as
follows:

Hand size & proportions

The morphologic (shape) and morphometric (size) characteristics of the hands and digits
depend on gender and race and may be influenced by the cultural background and
occupation of a person3. The divine proportions of human hands are well documented in the
literature and are said to be in complete harmony with the ‘golden ratio’ of the body, also
found in the face and torso. Deviation from these aesthetically pleasing measurements may
be perceived as less desirable.3 33-34 Koscinski recently studied the determinants of hand
attractiveness by digitally manipulating hand images of healthy volunteers. He then asked
subjects of opposite-sexes to indicate the images that were perceived more attractive. Both
men and women preferred feminine type, slender hands of average proportions with
relatively long fingers and a smooth surface. These criteria of hand attractiveness were
found to match those for facial attractiveness.3®

Visual stimuli

The pattern of light refection across curved surfaces, such as the hand, and the resultant
highlights and shadows allows us to see an object in a three-dimensional space. The contrast
between light and dark is most prominent at the intersecting planes located between the
valleys and ridges that divide the form into distinct regions.3® The lightest areas are seen
over convex surfaces, whereas shadows are seen over concave areas and plane-breaks.28
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This predictable pattern of light reflection over curved surfaces has formed the basis of the
three-dimensional artwork of many impressionist painters in the early 20t century, notably
the likes of Picasso and Monet. Distortion of this elegant balance of light reflection by a scar
or surface irregularities may be perceived as less visually appealing.

As we gaze at an object, the nature of saccadic eye movements causes our eyes to focus
sporadically on random spots as we scan, but our neural pathways tend to ignore slight
variations in our surroundings while responding to an unexpected stimuli.28 When we
glance at a hand that is, or appears to be normal compared to the contralateral side, our
conscious mind will likely disregard it. However, if our eyes gaze upon an abnormal hand,
the brain will respond and our eyes will be drawn back to it. The field of psychology uses
the term “visual search” to explain how we distinguish between target (information that
should be acknowledged) and background (extraneous information that can be ignored)
signals. Bootzin explains that the brain’s propensity toward “perceptual constancy” is how
humans are able to focus on tasks and ignore irrelevant information.27-28.37

The visual perception of the human hand is far more complex than simply observing pattern
of lights or searching the visual field. Desimone et al found neurons selective for hands/
hand-preferring regions grouped in the inferior temporal cortex of macaque monkeys that
respond almost exclusively to pictures of human and monkey hands.38 By using functional
MRI (fMRI) techniques, researchers have more recently discovered a region of the lateral
occipitotemporal cortex in humans that is highly reactive to images of human bodies and
body parts.39-40 The extrastriate body area (EBA), as this region has been termed, is
specifically located in the posterior inferior temporal sulcus/middle temporal gyrus.41-42
Interestingly within this region, fMRI demonstrated that the brain was more responsive to
images of the body and hands, than to images of the face and other objects.3%43 The
appreciation of these concepts is essential for the reconstructive surgeon when restoring the
anatomical landmarks of a complex multidimensional structure such as the hand.

Hand integument

The palmar and dorsal skin of the hand is functionally and anatomically different, each
serving a specific purpose. On the dorsum of the hand, the skin is thin, supple, and mobile to
allow the unrestricted movement of the underlying joints. The mobility and elasticity of
dorsal skin permits the rearrangement and manipulation of tissue, such as local flaps. In an
average adult hand, the skin cover of the dorsum of the hand (except fingers) measures
approximately 12 cm (width) x 10 cm (length),32 but when making a full fist, the total
surface area changes by approximately 21% 44, As this results in a maximal stretch of dorsal
skin, it should be considered when designing and executing local flaps.

In contrast to dorsal skin, the palmar skin is thick, durable, glabrous (hairless), and relatively
inelastic skin, designed to withstand the shearing forces encountered during daily activities
of the hand. The epidermis of palmar skin, similar to plantar skin, consists of well-defined
layers of stratum lucidum and stratum corneum®® and a thick layer of dermis rich in
exocrine sweat glands, blood vessels, and sensory nerve endings. Furthermore, the mobility
of the skin along with the pattern of blood supply and sensation across the palm and digits
are not evenly distributed. On the radial side, the skin over the thenar eminence is mobile
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and relatively well vascularized. However, on the ulnar side, the skin over the hypothenar
eminence and the metacarpal arch is less mobile. The central triangular area of the palm
(located between the thenar and hypothenar eminences and the projection of the metacarpal
arch) is the least mobile and least vascular.32

There are numerous sensory nerve endings and rapidly adapting mechanoreceptors
exclusively found in the glabrous skin, namely the Meissner and Pacinian corpusles, that are
responsible for tactile gnosis and two-point discrimination.#® Using immuno-histochemistry
techniques on biopsy samples obtained from palmar skin of volunteers with no neuro-
sensory deficits, Kelly and colleagues quantified a significantly higher density of Meissner
corpuscles at the fingertips (pulp) compared to the palm*’. This possibly accounts for the
higher critical sensibility and representation of the fingertips at the cerebral cortex as
opposed to the palm and dorsum of the hand where sensory nerve endings responsible for
protective sensibility (pain and temperature) are more abundant.*8

The blood supply of the hand and integument comes from two main arteries, the radial (RA)
and ulnar arteries (UA) and contributions from anterior and posterior interosseus arteries.
The anastomosis between these four arteries forms 4 arches; the superficial palmar arch
(SPA), and deep palmar arch (DPA) as well as the dorsal and palmar carpal arches. The
palmar aspect of the hand is predominantly supplied by the SPA and its major contributor
the UA, whereas the dorsum of the hand is supplied by the RA through the dorsal
metacarpal arteries. Communications exists between the palmar and dorsal systems. On the
palmar side, the SPA gives off common digital arteries that subsequently divide into two
proper digital arteries at the level of the webspace and a branch that runs dorsally to
communicate with the dorsal circulation. The DPA gives I-1V palmar metacarpal arteries
(PMCA) that run along the volar intermetacarpal spaces. On the dorsal surface, the dorsal
carpal arch gives off 11-V dorsal metacarpal arteries (DMCA) that run on the facial pockets
of dorsal interosseus muscles. Just distal to the junctura tendinae, the DMCA gives its first
and only major cutaneous perforator (0.5-1cm proximal to MCPJ) and receives a perforator
branch from the palmar metacarpal artery. At the level of MCP Joint, the DMCA bifurcate
into two dorsal arteries to supply the dorsum of the fingers (up to the PIP joint) and adjoin a
confluence between common digital artery and proper digital arteries, thus forming a
junction between these four vessels. Distal to this point, anastomosis between four dorso-
palmar arteries and their venae commitantes exist along the three phalanges of the fingers
(Fig. 2). 15, 32.49-52 This complex pattern of blood supply of the hand forms the basis of
several local flaps on the dorsum of the hand such as the DMCA perforator flap and its
modifications (see below).

Clinical applications and discussion

To provide the most suitable soft-tissue cover for a given defect, it is imperative for the
surgeon to have a thorough understanding of tissue requirements and appreciation of the
three-dimensional construct of the different regions of the hand. The concept of the
functional aesthetic units and subunits of the hand incorporates what the mind perceives
with what is actually present (or in most cases with what is missing), thus provides the
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surgeon with a roadmap for selecting the most appropriate type of reconstruction that is both
functional and desirable.

Soft-tissue coverage of the hand can be optimized by matching the color, texture, soft-tissue
volume, symmetry and donor-recipient tissue interface, as well as by hiding and
camouflaging resultant scars within the borders of the functional aesthetic units and subunits
of the hand (Table 3). The surgeon should also address individual patient variations, by
providing a soft-tissue cover that resembles patient’s contralateral ‘normal’ hand. Examples
of innovative approaches and refinements of reconstructive methods, with a special
emphasis on enhancing aesthetics, can be distilled from the literature in respect to the
various functional aesthetic units and subunits of the hand.

The finger pulp is a highly specialized subunit of the finger essential for prehension and
tactile gnosis. Fingertip injuries are common and often result in a loss of this precious part of
the digit. Soft-tissue coverage to restore finger pulp volume and sensation becomes essential
when distal bone is exposed. Lee et al. published a large series of 929 flaps to reconstruct
fingertip injuries using a short-pedicle partial medial second toe pulp free flap (Level of
Evidence: Therapeutic, 1V).53 An excellent flap survival rate of 99.7% and an average
static two-point discrimination (S2PD) in reconstructed digits of 8mm (normal range: 3.0—
5.0)13 was reported. The toe-pulp is round and has sufficient tissue to restore the volume of
finger pulp, thus provide excellent aesthetic and functional results (Fig. 3). Despite the good
results achieved by this technique, it requires highly specialized microsurgical skills, which
is not always feasible or available.

Apart from free flaps, Yam et al and later Feng and colleagues have demonstrated the utility
of a local ‘palmar pivot’ flap for reconstructing fingers’ palmar defects and fingertip injuries
(Level of Evidence: Therapeutic, 1V).54-55 Originally described by Yam et al, the pivot
flap is an axial pattern flap based on the transverse subcutaneous branches of the digital
artery on the same side as the defect. The flap incorporates a neurovascular bundle on one
side and is designed just proximal and adjacent to the defect (Fig. 4ab). The flap is raised
over the tendon sheath, then is pivoted on the digital neurovascular bundle and rotated
approximately 90 degrees to cover the defect. Any resultant marginal donor-site defects can
be grafted by a small full thickness skin graft. In their series, Feng and colleagues reported a
mean S2PD of 4.7 mm and good aesthetic results 11 month postoperatively.>®

Another group of versatile flaps that have been widely used to restore soft-tissue finger
defects are the distally based DMCA perforator flaps. These pedicled skin flaps, first
described by Quaba and Davison in 1990, are designed on the dorsum of the hand and then
transposed to cover dorsal finger defects. In their original description, Quaba and Davison
based their flap on the main palmar-dorsal perforator which arises from the deep palmar
arch and can be easily identified at the level of the metacarpal neck in the dorsal
intermetacarpal space.%8 Several modifications have since been designed based on the
vascular anatomy of the DMCA and the more distal dorso-palmar digital cutaneous
perforators in order to increase the span of the flap to reach more distal defects.>7-59
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Additionally, as any perforator flap, the DMCA flaps have been harvested as a
fascicutaneous, fascial, adipofascial and a compound flaps (including bone and
tendon).52:60-61

Sebastin et al demonstrated the utility of the DMCA perforator flaps for reconstructing a
variety of dorsal, webspace and palmar finger defects.52 The authors preferred using a flap
based on the main palmar-dorsal perforator (as described by Quaba & Davison, Fig. 5)
because of perforator constant anatomy as compared to the DMCA and larger caliber as
opposed to the more distal dorso-palmar finger perforators. To cover more distal defects (i.e.
below the nail fold), the authors designed the flap as a curved ellipse rather than a straight
ellipse, which adds 8-10 mm of extra length after the flap is straightened owing to the
elasticity of dorsal skin (Fig. 6). Another maneuver the authors described involved dividing
the DMCA proximal to the main perforator, thus providing an additional 5-8mm in length.
DMCA flaps are a good choice for reconstructing dorsal finger defects because they provide
excellent color, texture and soft-tissue volume match in a single-staged procedure. However,
despite the versatility of these flaps, from the aesthetic standpoint there are two major
drawbacks; 1) The resultant linear scar spans several plane-breaks across the dorsal subunits
of the hand and fingers, distorting the natural pattern of light reflection which result in a
conspicuous scar, 2) When the DMCA flaps are used to reconstruct palmar finger defects,
the transposition of thin, hairy, pigmented dorsal skin is not an ideal match to the glabrous,
lighter-colored skin of the palmar surface of the fingers.

Dorsum of the hand

On the dorsal unit of the hand, two problems commonly arise following flap surgery; 1) A
bulky flap, that is unsightly and can be functionally limiting. 2) A demarcated donor-
recipient tissue interface that may result in a patchwork appearance (Fig. 7). Parrett et al.,
demonstrated their experience and assessed the aesthetic outcomes in a large series of
muscle, fasciocutaneous, fascial and forearm venous free flaps, and their subtypes (e.g.
rectus, latissimus, gracilis, anterolateral thigh, radial forearm, lateral arm flaps etc.) that
were used to cover dorsal hand defects (Level of Evidence: Therapeutic, 111).53 Evaluated
measures included; flap survival, donor-site morbidity and the need for debulking
procedures. In addition, a panel of plastic surgeons and non-physician aestheticians
subjectively analyzed the final appearance of the flaps. In particular, the panel assessed the
color, texture and contour match as well as the appearance of meshed versus sheet split
thickness skin grafts that were used to cover muscle and fascial flaps. All the defects were
matched for size and location. The results of this interesting study showed that venous flaps
had the best aesthetic results in terms of color, contour and texture match with no donor-site
morbidity and no need for debulking procedures. Fasciocutaneous flaps had the worst results
in all of aforementioned mentioned parameters as well as a higher demand for debulking
procedures (67% of fasciocutaneous flaps required debulking despite initial thinning before
flap inset) and greater donor-site morbidity in terms of skin graft coverage and wound
breakdown. Muscle and fascial flaps were considered second best to venous flaps with no
significant differences among them in all categories, with the exception of an increased need
for debulking of muscle flaps. In their series, partial muscle flaps were found to require
significantly less need for debulking compared to traditional muscle free flaps (7% versus
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37%, respectively). Despite the need for debulking procedures in some of the muscle flaps,
the contour match was comparable to venous and fascial flaps, owing to muscle atrophy that
results in a good contour match. Finally, sheet split thickness skin grafts (STSG) used for
fascial and muscle flaps were found to have much better aesthetic results than meshed
STSG. In spite of this, it should be emphasized that flap aesthetics was not the sole
determinant of flap choice and the authors correctly pointed out the indications and selection
of different types of flaps were based on size, type, and location of the defect, among other
parameters. Figure 8-Figure 11, demonstrates several examples of soft-tissue coverage of
dorsal skin defects. (Video 1) (INSERT VIDEO GRAPHIC 1. See supplemental digital
content 1, which displays the lateral arm flap for reconstruction of a dorsal soft-tissue defect
of the hand. This video is available in the “Related Videos” section of the Full-Text article
on PRSJournal.com or available at INSERT LINK HERE.)

Occasionally a depressed scar develops after a flap inset at the junction between the flap and
surrounding skin. Volume discrepancy and cluttering lights across the flap-skin interface
may result in a more conspicuous scar line. Akin to W-plasty, S-plasty is one way of
revising scars by making multiple curvilinear small S-shaped incisions that break tension
lines (Fig. 12), creating a less depressed tension-free scar at the junction lines,64-65

Palm of the hand

Thumb

The special tissue requirements of the palmar skin present the surgeon with several
challenges. The availability is limited of a suitable donor-tissue that is a glabrous, sensate
(for protective sensibility), durable (to resist ulceration) and relatively immobile skin (for
mechanical stability) yet does not restrict grip and mobility.56 The relative inelasticity of
palmar skin, in addition to its vascular supply via short vertical cutaneous perforators,
almost precludes the use of local flaps.6” Additionally, restoration of palmar defects with
skin grafts may result in color mismatch and development of skin contractures.58 Although
muscle and fascial flaps covered with skin grafts may be suitable alternatives, muscle flaps
are generally insensate and facial flaps may ulcerate due to shear stress. In an attempt of
finding the ideal match for restoring palmar defects, Engelhardt and colleagues®® devised an
algorithm based on careful ‘defect-analysis’ of the functional units and subunits of the palm
as described earlier. For areas where sensation is regarded essential such as the thenar and
hypothenar subunits, the authors recommended the use of free and pedicled sensate
faciocutaneous flaps such as radial forearm flap, dorsal pedis artery flap, lateral arm flap or
medial plantar artery flap (instep flap).”® However aesthetic disadvantages of
fasciocutaneous flaps in the palm are well-recognized and include bulkiness and hair
growth. For the central subunit of the hand the authors suggested thin fascial (e.g.
temprofascial) or muscle flap (e.g. serratus or gracilis) combined with intermediate thickness
plantar skin graft, noting that plantar skin grafts (similar to instep flap) provide good
aesthetic results in terms of scarring, color and texture match.

The thumb represents 40-50% of hand function’1~72:, thus restoring thumb (especially pulp)
defects is essential for pulp-to-pulp and lateral pinch grip. A wide variety of flaps are
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available for thumb reconstruction, but four flaps are particularly interesting from the
functional and aesthetic viewpoints; 1.) Advancement neurovascular flap (Moberg 1964)73
2.) First dorsal metacarpal artery flap (Foucher 1979)74-75, 3.) Dorsoulnar collateral artery
flap (Brunelli 1993)76-78 4.) Dorsoradial collateral artery flap (Moschella 1996) (Table

2). 79-80 Aesthetically, the Moberg flap is an excellent choice for small volar and pulp
defects because it follows the principle of replacing ‘like-with-like” and provide excellent
sensibility, leaving only inconspicuous scars along the non-tension midlateral axis of the
thumb. Foucher’s kite flap is probably the most commonly utilized flap for palmar and
dorsal thumb defects. However aesthetic disadvantages include conspicuous skin grafted
donor-site and hair growth on volar surface of the thumb. The Brunelli and Moschella flaps
can therefore be considered as good alternatives to the Foucher flap, as hair growth on the
dorsoradial and dorsoulnar sides of the thumb is rare and the skin closely resembles the
palmar glabrous skin of the thumb. Moreover the donor-site of these flaps can be closed
primarily leaving inconspicuous scar-lines.83

Conclusion

The current substantial gaps in quantifying, collecting and reporting aesthetic outcomes
hinder meaningful comparisons and the ability of surgeons to provide a more standardized
approach for some of commonly performed reconstructive procedures of the hand. Hence,
we feel that there is a need to implement guiding principles on the practice of aesthetic
surgery. The development of validated outcome measures that are based on rigorous study
methodologies may achieve this goal and facilitate an evidence-based approach that ensures
high quality of care and minimize disparity amongst plastic surgeons in the future. However
till the development of a universally accepted aesthetic assessment tool in hand surgery,
adherence to basic principles of function and aesthetics that are catered to individual
patient’s needs and preferences is the most likely to improve patient’s outcomes and
satisfaction with surgery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Multiple Choice Questions

1. Compared to the palmar skin, the pulp of the fingers contains a higher density of which of
the following sensory receptor?

A. Merkel discs

B. Ruffini corpusles

C. Meissner corpuscles

D. Golgi-Mazzoni corpusles

Correct answer: (C) Meissner corpuscles

Discussion: Meissner corpuscles are encapsulated ovoid receptors that are exclusively
present within the dermal papillae of glabrous skin such as palmar surface of the hand and
sole of the foot. Meissner corpuscles are rapidly adapting mechanoreceptors that respond to
vibration and pressure, therefore are responsible for fingers’ tactile gnosis and two-point
discrimination. Moberg indicated that a minimum of 6 mm two-discrimination is required
for an optimal finger prehension. “Fu Chan Wei showed statistically significant correlation
between moving two-point discrimination and the number of regenerated Meissner
corpuscles in the transplanted toe wrap-around flaps in children undergoing a debulking
procedure of the flap at secondary surgery”. Although the functional role of Meissner is well
established, more recently studies have assessed the quantity of Meissner corpuscles across
the palm and fingertips and found a significantly higher number of Meissner corpuscles at
the pulp of fingers. These findings emphasize the special function of the finger pulp that
should be carefully considered during any reconstructive procedure.
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2. Which of the following coverage options provides an optimal aesthetic and functional
results when used to resurface a soft-tissue defect of the hand?

A. Skin graft

B. Local flap

C. Regional pedicled flap
D. Distant free flap

Correct answer: (B)

Discussion: When the surrounding tissue is healthy and the defect can be closed without
distortion of the natural anatomical landmarks of the hand, local flaps usually offer the best
aesthetic and functional results given the histological similarity between the flap and
surrounding skin. The use of skin grafts and pedicled regional flaps have generally fallen out
of favor as a primary method of soft-tissue reconstruction, however, the usefulness of these
methods for reconstruction cannot be underestimated and remain viable options in many
circumstances especially when microsurgery is not available or contraindicated. Free flaps
can virtually be harvested from any part of the body and tailored to match the function and
appearance of the recipient site. The surgeon should weight the “pros’ and ‘cons’ of each
type of reconstruction depending on several variables including; wound characteristics (e.g.
site, size, location and type of tissue loss) and patient characteristics (e.g. preferences, body
habitus, compliance, medical and surgical co-morbidities and contraindications etc.) in order
to provide the most suitable soft-tissue cover. Careful planning is the key for a successful
soft-tissue reconstruction of the hand.
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3. Which of the following best describes the blood supply of the skin paddle of the dorsal
metacarpal artery flap also known as the Quaba flap?
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A dorsal perforator artery arising from the proper digital artery.

A dorsal perforator artery arising from the common digital artery.

o w >

A dorsal perforator artery originating from the superficial palmar arch.
D. A dorsal perforator artery arising from the deep palmar arch.

Correct answer: (D)

Discussion: The DMCA flaps can be generally classified according to their feeding blood
vessel into proximal and distally based DMCA flaps. The proximally based DMCA flap was
first described by Early and Milner (1987) and is based on the first and second dorsal
metacarpal artery as it dives deep to the extensor tendon. This flap was utilized to cover soft-
tissue defects on the dorsum of the proximal phalanx of the fingers. However, in 1990 the
distally based metacarpal artery flaps were described by Quaba and Davidson as well as by
Maryuama to can cover more distal finger and webspace defects. Quaba and Davidson based
their flap on a constant perforator arising from the deep palmar arch of the hand that forms
an anastomosis between the dorsal metacarpal artery and the palmar arterial system, whereas
the DMCA flap designed by Maryuama included the less constant dorsal metacarpal artery
itself and not the perforator arising from the palmar vessels. The dorsal metacarpal arteries
do not have constant anatomy; the second DMCA is present in 97% of the cases, the third in
93% of the cases and the fifth DMCA is present in 70-83%. Because of the variable anatomy
of the dorsal metacarpal arteries, refinements and modifications of DMCA flap described
thereafter were principally based on the direct cutaneous perforators from dorsal metacarpal
artery and palmar circulation along the hand and digits (Fig. 2) such as the reverse dorsal
digital and metacarpal flaps described by Pelissier in 1999.

References:

1. Quaba AA, Davison PM. The distally-based dorsal hand flap. Br J Plast Surg. 1990 Jan;
43(1):28-39.

2. Maruyama Y. The reverse dorsal metacarpal flap. Br J Plast Surg 1990;43:24—7.

3. Pelissier P, Casoli V, Bakhach J, Martin D, Baudet J. Reverse dorsal digital and
metacarpal flaps: a review of 27 cases. Plast Reconstr Surg. 1999 Jan;103(1):159-65.

4. A 40-year-old man who is a professional pianist sustained a laceration resulting in a soft-
tissue loss of the tip of the long finger of his dominant right hand. The wound was left to
heal by secondary intention. One year later, the patient reports that the loss of soft tissue on
the fingertip prevents her from working. Physical examination shows thin adherence to the
underlying bone. The full length of bone is preserved, and active and passive motion is
within normal limits. Sensation is decreased in the area of scarring. Which of the following
types of reconstruction is most likely to provide the best improvement in soft-tissue bulk and
sensation?

A. Groin flap

B. Cross finger flap.
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C. V-Y advancement flap
D. Toe pulp flap
E. Thenar flap

Correct answer: (D)

Discussion: Many techniques have been described for reconstruction of fingertip injuries,
including simple revision amputation, skin grafting, local flaps, island flaps, distant flaps,
and free flaps. When bone is not exposed healing by secondary intention may yield
surprisingly good results. However when there is significant soft tissue loss there might be
insufficient padding for the fingertips. The toe pulp free flap replaces the glabrous tissue
over the fingertip with a similar tissue and restores both soft tissue bulk and sensibility.
Partial second toe pulp free flap, for example, is a single staged procedure that has shown to
achieve these goals while resulting in minimal donor-site morbidity. The partial second toe
flap is nourished by the medial digital artery and one or two subcutaneous veins. The flap is
innervated by the palmar digital nerves of the toe. An average of static two-point
discrimination of 8mm (range 4-15mm) can be obtained by using this technique. On the
other hand, thenar and groin flaps are two staged procedures, although they provide soft
tissue cover they do not provide sensation. Other disadvantages may include PIP joint
stiffness that is associated with thenar flap especially in middle-aged men. A sensory cross
finger flap may provide soft tissue bulk and sensation however the results are not superior to
toe pulp flap, moreover transfer of hair follicles from dorsal skin to the pulp of the finger is
not desirable. The V-Y advancement flap can be a good option for small volar defects,
however with significant loss of pulp, the choice of V-Y advancement flap has limited
mobility to cover the whole defect and is usually considered suboptimal compared to other
techniques.
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5. A 36-year-old woman sustained a circular saw injury to the volar surface of the tip of her
left thumb. On physical examination there was a soft tissue defect measuring approximately
1.5 cm with exposed bone. Thumb vascularity as well as active and passive range of motion
is within normal range. Which of the following is the most appropriate type of soft tissue
cover for this defect?

A. Moberg flap.

B. Healing by secondary intention.
C. Cross finger flap.

D. Skin graft.
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Correct answer: (A)

Discussion: The Moberg flap is an excellent choice for coverage of small soft tissue defects
measuring approximately 1.5 cm. Advancement of volar glabrous skin of the thumb
provides good soft tissue match and sensibility as opposed to other above-mentioned donor-
sites options. Healing by secondary intention is slow and inappropriate in this case
especially when there is an exposed bone. Skin graft is also inappropriate because skin grafts
require a graftable bed (i.e. intact peritenon and/or intact periosteoum) for the skin graft to
take. A cross finger flap can be used in this case but both outcomes at the recipient and
donor-sites are inferior to Moberg flap.
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6. Which of the following blood vessels supply the lateral arm flap?
A. Axillary artery.
B. Posterior interosseous artery.
C. Posterior branch of the radial collateral artery.
D. Profunda brachii.

Correct answer: (C)

Discussion: The anterior and posterior radial collateral intermuscular perforators arise from
the profunda brachii artery in the middle of the upper arm midway between the acromion
and the lateral epicondyle. The posterior radial collateral artery is the nourishing artery for
the lateral arm flap. The posterior radial collateral artery courses through the radial groove
of the humerus and gives rise to four to five septocutaneous perforators. The most constant
branch can be found about 9 cm above the lateral epicondyle. The skin paddle of the lateral
arm flap can be extended to proximal forearm because of the rich vascular communications
between vessels of the arm and upper forearm.
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Cooney WP, Moran SL, editors. Master techniques in orthopedic surgery: soft tissue.
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2. Sauerbier M, Unglaub F. Perforator flaps in the upper extremity. Clin Plast Surg. 2010
Oct;37(4):667-76, Vii.

7. A 31-year-old man presented to the emergency room after sustaining an injury to the
dorsal surface of his non-dominant thumb. Physical examination shows 1.5 cmx1 cm soft
tissue loss over the dorsum of the proximal phalanx with an exposed but intact EPL tendon.
Which of the following is the most appropriate management?
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Healing by secondary intention.

First dorsal metacarpal artery flap (kite flap).

o w >

Split thickness skin graft.
D. Full thickness skin graft.

Correct answer: (B)

Discussion: The kite flap is one of the most commonly utilized local flaps in the hand. Kite
flap is suitable for all dorsal thumb defects and can also be used to restore sensation over the
pulp by incorporating the sensory branch of the radial nerve. The flap is based on the first
dorsal metacarpal artery (FDMA), which arises from the radial artery in the first
intermetacarpal space, just distal to the tendon of the extensor pollicis longus. The artery
divides into the radial branch to the thumb, the intermediate branch to the first web space,
and the ulnar branch to the index finger. The flap is harvested from the dorsal aspect of the
index finger incorporating the skin and fascia over the first interosseus muscle which
contains the vascular pedicle. It is important to preserve the paratenon over underlying
tendon in order to close donor-site defect with a skin graft. The flap is then rotated and
secured over the defect on the dorsum of the thumb. In this case the significant loss of skin
and subcutaneous tissue precludes healing by secondary intention. Additionally, the
presence of an exposed tendon without paratenon makes coverage with a skin graft a non-
viable option for this type of wound reconstruction.
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Learning objectives
After reading this article and viewing the video, the participant should be able to:

1. Have an in-depth understanding of the functional and aesthetic requirements of
different regions of the hand

2. Describe the anatomic blood supply and vascular territories of the hand

3. Describe the advantages and disadvantages of different types of soft-tissue
reconstructions for different anatomic regions of the hand e.g. digits, thumb,
palm and dorsum of the hand.
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Summary

Soft-tissue coverage of the hand has evolved dramatically over the past few decades. To
achieve the best aesthetic and functional results, the aesthetic hand surgeon should be
aware of various flap designs and recognize limitations of each type of flap
reconstruction. Finally develop a systematic evaluation of the defect size, site and
composition with respect to aesthetic units and subunits of the hand to guide flap choice.
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Figure 1.
(a). llustrating the functional aesthetic units and subunits of the volar surface of the hand.

The palm can be considered as a single functional aesthetic unit that is further subdivided
into 5 subunits; Thenar (T), Opposition (O) Hypothenar, Central triangular (C) and
Metacarpal areas (M). The volar surface of each digit is a single functional aesthetic unit
that is divided into 3 subunits (except thumb only 2 subunits). Note that the pulps (P) of
fingers are highlighted to emphasize the ‘functional’ (sensory) importance of this special
part of the digit. (b). Similar to the volar surface, the dorsum of the hand as highlighted in
the figure (D), can be considered as a single functional aesthetic unit. The dorsum of each
digit is another functional aesthetic unit that is subdivided into 3 subunits (except thumb
only 2 subunits). Note that the nails (N) of the fingers are highlighted to emphasize the
importance of ‘aesthetics’ (appearance) of this special part of the digit. Each region (units &
subunits) of the hand has its unique functional and aesthetic requirements.
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Dorso-palmar perforating branches

Dorsal metacarpal  gyrancor tendon from proper digital artery

artery QCA)

Common digital artery
Proper digital artery

Deep palmar arch

Superficial palmar arch
Distal communicating perforator between DMCA ad PMCA

Figure 2.

Illustrating vascular communications between palmar and dorsal circulation of the hand and
digits.
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Figure 3.
A pulp defect of the long finger (A) reconstructed with an innervated partial medial second

toe pulp free flap (B—C), achieving good aesthetic results (D). (With permissions from PRS:-
Lee DC, Kim JS, Ki SH, Roh SY, Yang JW, Chung KC. Partial second toe pulp free flap for
fingertip reconstruction. Plast Reconstr Surg. 2008 Mar;121(3):899-907)
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A B

Figure 4.
Illustrating a fingertip amputation injury reconstructed by a pivot flap (A). The flap is

pivoted on a single neurovascular pedicle and then rotated 90 degrees to cover the defect.
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Figure 5.
A 20-year-old male who sustained a complex laceration injury over the dorsoulnar aspect of

the right little finger. A dorsal metacarpal perforator artery flap measuring 3 cm x 2cm was
designed to cover dorsal defect. The location of the constant perforator from the volar artery
is marked with a “‘cross’ at the intermetacarpal space (top left). The DMCA can be ligated to
increase the reach of the flap (top right). Despite an adequate soft-tissue coverage, an
obvious resultant linear scar usually traverses the dorsal unit and subunits of the fingers
(bottom).
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i

Curved ellipse DMCA flap to cover distal finger defects

Figure 6.
The skin paddle of the DMCA flap can be designed as a curved ellipse to increase the reach

of the flap to cover more distal defects.
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Figure 7.
Volume discrepancy between donor and recipient tissue (usually obvious on dorsum of the

hand) results in a well demarcated bulky soft-tissue reconstruction that is undesirable and
can be functionally limiting.
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Figure 8.
A 22-year-old male who suffered an accidental gunshot wound on dorsum of the hand that

was covered with a lateral arm flap.
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Figure 9.
The same patient in figure 8, note volume discrepancy between the flap and dorsum of the

hand (flap bulkiness), can be substantially reduced by flap debulking procedure.
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Figure 10.
A 39-year-old male sustained a crush injury resulting in an extensive soft-tissue loss and

exposed tendons. A dorsal forearm ulnar artery perforator flap was raised to cover the
defect. Optimal aesthetic and functional results were achieved due to similarity between the
skin on dorsal unit of the hand and the dorsal skin of the forearm.
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Figure 11.
A 52-year-old male who sustained an extensive degloving injury of the dorsum of his right

hand leaving exposed tendons (top left). A right endoscopic assisted temporoparietal fascia
free flap (bottom left) was harvested to cover the defect. Note the endoscope picture
delineating the distal extent of the flap. A smooth contour (top right) between the fascial flap
and dorsal skin was achieved as well as an inconspicuous donor-site, hidden within patient’s
hairline (bottom right).
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A Scar Revision

W-Plasty S-Plasty

Figure 12.
Both W-plasty and S-plasty result in a minimal gain of length and a decreased tension on the

scar-line. However the final scar appearance following scar revision by S-plasty results in a
less noticeable scar than the right-angled zig-zag lines resulting from W-plasty.
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Figure 13. Moberg flap
Soft-tissue coverage of thumb volar/pulp defects (medium-size defects approximately

1.5cm)
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Figure 14. Kite flap
Soft-tissue coverage of variable sized defects such as distal amputation, loss of palmar

surface (including pulp), or loss of dorsal substance and at a more proximal level to
reconstruct loss of dorsal surface
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—

him

A. Rop

Figure 15. Dorsoulnar thumb flap
Medium-size defects such as distal amputation, loss of palmar surface (including pulp), or

loss of dorsal substance and at a more proximal level to reconstruct loss of dorsal surface.
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Figure 16. Dorsoradial thumb flap
Medium-size defects (up to 5cm x 4cm) such as distal amputation, loss of palmar surface, or

loss of dorsal substance and at a more proximal level to reconstruct loss of dorsal surface.
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Indications and aesthetic considerations of various reconstructive methods.

Tissue type

Aesthetic considerations

Skin grafts

Superficial wounds with a graftable bed
Burn injuries

Coverage of donor-site defects

Inadequate volume replacement especially with
full thickness defects that may result an
unsightly contour defect

Color mismatch (e.g. hyper-pigmentation of the
palm). Skin grafted sites sometimes result in a
color mismatch with adjacent tissue

Split thickness skin grafts have a high potential
for developing scar contractures and ulcerations.
Moreover, meshed skin grafts leave permanent
unsightly skin marks

Local flaps

Regional pedicled flaps

Medium-size full thickness defects of
the hand with exposed tendons or bones
(e.g. V-Y advancement flap for
fingertip injuries)

In severe trauma the use of local flaps
may be limited because of damage or
ischemia of the donor area

Moderate to large sized defects that
cannot be covered with a local flap

Lack of microsurgical expertise for a
free flap reconstruction

Several useful flaps are available
especially ‘perforator flaps’ that do not
sacrifice a major blood supply to the
hand e.g. Radial forearm perforator
artery flap and Ulnar forearm perforator
artery flap or Posterior interosseous
artery flap

An ideal tissue replacement, replaces ‘like-with-
like’ that provide an excellent color, texture,
hair and volume match

The major aesthetic drawback of regional flaps
is a highly visible and unsightly donor-site that
is usually covered with a meshed split thickness
skin graft

Free flaps

Large extensive soft-tissue defects

Compound wounds that may involve
loss of the underlying tendons or bones
(e.g. chimeric flaps).

When regional flaps cannot be
harvested due to damage of vascular
pedicle within the zone of injury

In terms of aesthetics consideration, free flaps
are the second best option after local flaps.
When local flaps are not indicated, free flaps
should be considered as the first line of
treatment, if no contraindications exist

Free flaps can be harvested from several regions
of the body with almost any shape or size that
can be tailored to the defect

Muscle flaps often yield less donor site scars
than fasciocutaneous flaps that in many cases
can’t be closed primarily and need skin
graftcoverage
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Table 3

Summary of important aesthetic parameters in soft-tissue reconstruction of the hand

° Color match

° Texture match (i.e. surface smoothness)

° Donor-recipient tissue interface (i.e. junction between soft-tissue replacementand the surrounding skin)
° Hairiness (e.g. hair growth on glabrous/hairless surfaces)

° Final scar location & development of skin contractures

° Amputations and nail deformities

° Overall appearance of the donor-site
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