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Abstract

The "like with like" and the "flap thinning" are two workhorse principles the surgeon must keep in mind to achieve a
functional and cosmetic reconstruction of the hand. These principles are underpinned by a thorough knowledge of
anatomy and functional hand units, with a wide range of reconstructive procedures that must be finalized to the
necessity of the impaired structures. "Like with like" means that a lost tissue must be replaced with another one
that can be compared in appearance and function. In addition, good cosmetic is often associated with good
function because the complex attempt to get a proper aesthetic always traduces itself into a better functional
reconstruction. "Flap thinning" is essential because soft tissue injuries of the hand represent a more difficult
reconstructive challenge than similar injuries elsewhere, and the need for thin tissue to wrap the superficial noble
structures of the hand is constant. However, the procedure of thinning a flap can be dangerous and must adhere to
the vascular architecture of the flap. This paper aims to review and briefly summarize the current literature in this
field.
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INTRODUCTION

The management and reconstruction of soft tissue defects of the hand require a proper "mental approach”,
like that of an experienced handicraftsman. Experience, art, ability with your hands, a sense of beauty, and a
sense of usefulness come together to help accomplish the task. This surgery aims to get both a functional
and an aesthetical repair of tissue losses. The "like with like" principle summarizes unifying functional and
aesthetic aspects. Unfortunately, the characteristics of the skin of the hand are particular, meaning that the
function of the hand is very advanced and specific. As a fact, few other tissues around can replace the hand
tissues without impairing function and at the same time mimicking its aesthetic properly. Therefore, thin
flaps are always a prerequisite in hand repair. Given that a thin flap is not always the first choice for multiple
reasons, the "flap thinning" technique helps optimize the transferred tissue to mimic and shape the hand
skin.

AESTHETIC AND FUNCTION

The aesthetic of the hand is well-known, depending mainly on its proportions, as described by
Jakubietz et al.". Painting of ancient artists such as Michelangelo, Leonardo Da Vinci, and others depicted
wonderfully the correct proportions of the hand. The soft tissue envelope with a valid quantity of
subcutaneous fat creates visible grooves, concavities, and prominences. The palmar skin is clear, hairless,
sensible, thick and fixed, adherent to the palmar fascia, thus allowing the grip of the objects. On the opposite
side, the dorsal skin is darker, partially hairy, less based on refined sensibility, relatively thin, pliable and
extensible, allowing for movements of flexion and extensions, and tends to get even thinner with aging.

The function of the hand is always the main issue, typically not questioned when it comes to reconstruction.
Del Pinal has described how to get a correct functional reconstruction of the hand for bone and soft
tissues”. He also primarily affirms that a patient will use a mutilated/reconstructed hand only if it is
tolerable to him/her, thus strongly connecting the functional results to the aesthetic aspects. In a reasonable
prospect, the soft tissue reconstruction should allow the correct functioning of the bone (residual finger,
hand cascade, tripodal hand, amputated rays and stumps) and mobile structures (free or fused joints,
residual flexor and extensor tendons). It should also apport the necessary sensibility, mainly in the fingers
and palm. Flaps should also respect the main characteristics of palmar (thickness, fixed) and dorsal
(thinness, elasticity) skin when possible.

LIKE WITH LIKE

Considering these principles, trading function for a better appearance is not an option. Nevertheless, good
cosmetic is often associated with good function because the complex attempt to get a proper aesthetic
always traduces itself into a better functional reconstruction. Here is where "like with like" comes in handy.

Palmar aspect

The surgeon must finalize the reconstruction of the palm and the palmar skin of the fingers to enable a
pain-free grip, prevent adherence, and restore sensibility. At the same time, he should avoid loose skin,
bulkiness, and complete numbness. Fasciocutaneous flaps with an excessive layer of fatty tissue, causing the
"savonnage" effect (a French word meaning slipping or gliding) and looseness of the grip, should be
avoided.

The skin of the fingers is the most difficult to reproduce because it perfectly wraps the shape of the fingers,
giving adherence but also flexibility. There is no source of similar tissue in the body apart from the toes. As
such, degloving injuries of fingers are the most difficult to repair, whereas amputated fingers can be
replaced with toe transfers, thus obtaining a more cosmetic and functional hand. Adani et al. defined a clear
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general guideline that is still a standard for degloving injuries of fingers: the replantation, when possible,
gives the best results””. The original tissue of the patient is a wealth that, once lost, can never be achieved
again. Toe transfer is a second option, especially for thumb reconstruction. Wrap-around® (CIT) or
trimmed-toe" (CIT) flaps can also be a valuable option for some cases of amputated or degloved fingers,
allowing excellent coverage with fewer donor site morbidity, since the P1 of the toe is preserved. Flaps with
the best "like with like" principles are the last resource for multiple long fingers degloving. In the case of
fingers, when possible, the best "like with like" always comes with a local flap from the hand or adjacent
fingers. A pedicled reverse flow dorsal intermetacarpal artery propeller flap, even of considerable size, is a
good option and relatively respects the "like with like" principle. Reverse dorsal digital island adipofascial
flaps, like those described by Del Bene', with or without split-thickness skin grafts (STSG), are ideal for
slight palmar loss of the substance of fingers. When finding a local flap is impossible, a functional flap is the
island pedicled reverse flow radial forearm flap, even though it is already a significant compromise for both
the functional and the aesthetic aspects. Small free flaps or arterialized venous free flaps harvested from the
volar part of the forearm, especially in thin patients, are suitable for volar reconstructions of fingers""
[Figures 1, 2 and 3]. They can also provide sensory function when a superficial cutaneous nerve branches in
the flap. In degloving finger injuries, it is virtually impossible to restore the sensibility. The avulsion of nerve
pedicles sometimes results in the absence of innervation. In the case of the presence of nerve pedicles, even
a primary nerve repair gives poor results, mainly out of the mechanism of injury and the different
innervation of the transferred tissues.

The skin of the hand palm is thick, sensible and adherent, but fortunately, its shape is more straightforward
to retrieve, and sensibility is less necessary compared to fingertips. Furthermore, in superficial injuries, a
well-vascularized palm bed makes the reconstruction relatively simple since a full-thickness skin graft gives
optimal results regarding adherence, proper thickness, and flexibility"”! CIT. Tubiana, in 1996, described the
functional cutaneous units of the palm"*: the mobile units and the adherent ones, thus guiding the search
for the best-replacing tissue. He also defined the units of tactile gnosis, distinguishing between primary,
secondary, and tertiary regions of touch. Consequently, he prioritized the areas where the surgeon must
restore the best sensibility from those areas of the palm where a lighter sensation is enough. However, in
more profound and more extensive injuries, when tendons, vessels and nerves need to be covered, free
muscle flaps with STSG are a valuable option. The gracilis free flap with STSG is optimal, with fast
dissection time and minimal donor site morbidity. The initial bulkiness of muscle flaps does not represent a
limit since denervated muscles get thinner over a short time. Unfortunately, sensibility remains an issue in
free muscle flap reconstructions. The most extensive and complete palm loss of substance can benefit from
the best "like with like" reconstruction of the palm. The medial plantar free flap is the gold standard to
restore a perfect palm, with skin entirely similar to the palm skin and excellent sensibility thanks to the
medial plantar nerve. Adani et al."* and Ono et al."' (CIT) summarized a clear reconstructive ladder of
hand tissues with its major aims [Tables 1 and 2].

It is challenging to achieve functional and aesthetic results in extensive degloving injuries of the whole palm
and fingers, and the main goal remains the savage of the limb. In eastern people, the free anterolateral thigh
(ALT) perforator flap is an advantageous choice due to the inherent thin tissue characteristics of individuals
in this region. On the other hand, the distal inferior epigastric perforator flap (DIEP flap) is more of an
opportunity in Western people since it can be harvested over the Scarpa fascia, giving a thinner flap
compared to the ALT. The superficial circumflex iliac artery flap (SCIP), the lateral arm flap (LAF), and the
dorsalis pedis flap (DPF) are an option. The profunda artery perforator (PAP) flap can also be a very good
alternative for large coverage of the hand, minimizing aesthetic damage, especially in young females, since
sometimes the scars left by the ALT flaps are fairly acceptable". (CIT) Syndactyly of all fingers is often
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Table 1. Palm: reconstructive ladder and major aims

Size / e ... Stability and Like to Donor site
Wound Tool Sensibility Stability sensibility like morbidity
Graftable Skin graft with or without dermal substitute/ healing by X
second intention
Small Primary closure or local flaps X X
Medium Pedicle flaps (radial, ulnar and posterior interosseous X X X
flaps, and other perforator-based flaps)
Free plantar flap X X X
Large anterolateral thigh flap (ALTF), the superficial
circumflex iliac artery perforator flap (SCIPF)
Lateral arm flap (LAF) and Dorsalis pedis flap X X
Gracilis muscle flap + graft X
Free fascial flaps (temporal,serratus, radial fascial) X X
Table 2. Dorsum: reconstructive ladder and major aims
Size / . .. Liketo Donor site
Wound Tool Thin Loose Mobile like morbidity
Graftable Skin graft with or without dermal substitute/ healing by second X
intention
Small Primary closure or local flaps X X X
Medium Pedicle flaps (radial, ulnar and posterior interosseous flaps, and other ~ x X X
perforator-based flaps)
also at fascial plane
Large anterolateral thigh flap (ALTF), the superficial circumflex iliac artery X X
perforator flap (SCIPF)
Lateral arm flap (LAF) X X X X
Free fascial flaps (temporal,serratus, radial fascial) X X X X

Figure 1. Venous free flap for volar index soft tissue loss.
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Figure 2. Evolution of venous flap postoperatively, day 1, day 10, and end of 3rd week.
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Figure 3. Aesthetic and functional outcome of venous flap at 2 months after surgical procedure.

necessary for these reconstructions. We perform the separation of post-reconstructive syndactylies no
earlier than a year after the trauma, giving patients time to get used to the new hand. Patients often prefer to
keep syndactyly as they consider it a more functional hand [Figures 4 and 5]. Sensibility always remains the
main drawback in huge degloving injury reconstruction.

Dorsal aspect

The dorsal skin of the hand and fingers is hairy, thin, pliable, and extensile, allowing flexion and extension
of the fingers - the sensibility is no longer an issue. Thus, the surgeon must finalize the research of the ideal
tissue mainly to thinness (for aesthetic reasons) and extensibility (for functional reasons). Therefore, the
"like with like" principle gets far more manageable for the dorsal aspect. Skin grafts are not used here, except
for some selected cases (e.g., coverage of the donor site of a kite flap, or coverage of relatively small defects
where secondary graft retraction may not impair the extensor tendons gliding)"” CIT, due to the poor
aesthetic outcome and the risk of retraction, which is the main risk to be avoided. However, suppose a skin
graft has to be applied. In that case, dermal substitutes with an FTSK over a well-vascularized bed may be
helpful to minimize graft retraction and offer a thin reconstructive solution [Figure 6]. Deeper and larger
wounds require free flaps. As per extensive palmar reconstruction of degloving injuries, the ALT flap is
always too thick in Western people unless in very thin morphotypes. Therefore, ALT thinning during or
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Figure 4. Degloving hand trauma

Figure 5. Thin ALT free flap at 1 year postoperative.

Figure 6. Degloved IlI-1V fingers (A). Coverage with dermal substitute and FTSK (B). Result after 6 months (C)

after flap harvesting can be an option, even though a wide pyramid area sometimes remains around the
perforator piercing the fascia. The sandwich fascial ALT (SALT) free flap, raised harvesting between the
Scarpa's fascia and the crural fascia, described by Cherubino et al.", could offer a valuable option when
choosing this reconstructive option. When harvested over the Scarpa's fascia, the DIEP flap provides a large
tissue size and respects thinness and extensibility principles, especially in thin patients. Pure fascial flaps
(like free temporal, serratus, or radial fascial flaps) are helpful, even though their use seems to become less
frequent. Muscle flaps with STSG are always too bulky, and retraction over time represents a disadvantage
in this scenario.

FLAP THINNING

Unlike other regions of the body, which have a large skin surface, and subcutaneous and muscular tissue,
allowing easy primary or secondary skin closure, the hand has nerves and tendons just beneath the skin
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surface. Furthermore, interaction with the surrounding environment needs highly coordinated actions of a
mobile and sensitive hand. Consequently, soft tissue injuries of the hand represent a more difficult
reconstructive challenge for the surgeon than similar injuries elsewhere”?" - one of the main reasons for
such a problematic condition is the need for thin tissue to wrap the superficial noble structures of the hand.
Knowledge of vascular anatomy is fundamental to achieving this goal. Its development has inevitably led to
innovations in flap design and clinical application, enabling improved aesthetic and functional results that
today go beyond simply filling the defective area. The evolution of the flaps has followed a linear
progression, primarily due to the pioneering studies of vascular anatomy* - flap thinning techniques rely
on a deep and accurate knowledge of the most superficial vasculature of flaps.

Several thin loco-regional and free flaps are suitable for covering the hand, such as the cross-finger flap, kite
flap, dorsal metacarpal artery flap, pedicled radial forearm flap, pedicled medial arm flap, pedicled and free
posterior interosseous flap, medial plantar flap, and lateral arm fascia flap with a skin graft™.
Unfortunately, other flaps with thick subcutaneous tissues are too bulky for upper-limb reconstruction.
Nevertheless, many large and bulky flaps sometimes represent an inevitable choice in case of significant size
defects. The flap-thinning technique was introduced in the 1960s to address this problem. Since then, this
technique has been the focus of much attention and is still undergoing continuous evolution. However,
secondary debulking procedures (fatty layer direct excision or liposuction some months after the first
surgery) are still widespread. Some drawbacks include additional costs, impaired vascularization of the
subdermal plexus, and multiple surgical stages.

A combination of improvements in surgical techniques and an appropriate description of the anatomy of
the vascularization of flaps led to the elevation of a thinner flap in one stage. The flap can be harvested
thinly from the beginning of the procedure by modifying the dissection plane or, once harvested, can be
thinned through the removal of fat located at the superficial or deep fascial level. However, this procedure
can be dangerous if performed without understanding the basic vasculature of the flap. Nakajima et al., in
1998, performed a three-dimensional analysis of the integument to understand this anatomy better. They
divided the integument into three different layers: the deep and superficial adipofascial layer, below and
above the superficial fascia, respectively, and the dermis. Based on this division of the skin, they classified
the vascularisation of the skin and, consequently, the skin flaps into six types, providing basic knowledge
about the characteristics of each type of flap and the method of defatting. Flaps with type IV (thoracodorsal
artery, thoracoacromial artery, and deep inferior epigastric artery) and VI (perforators of the latissimus
dorsi and gluteus maximus muscles) vasculature are ideal for flap thinning, according to Nakajima” and
Park™. In this study, it appears that the DIEP flap can be thinned more effectively than, for example, the
most discussed ALT flap, categorized as type III. However, many studies describe the harvest of even ultra-
thin ALT flaps, but mainly from Asian countries””. Following cadaveric studies, some Authors do not
suggest one-stage thinning of the ALT flap in the Western population, as this could lead to ischemia and
skin necrosis"*! (CIT).

Since flap thinning began to be discussed, there has been confusion over the terminology used to talk about
thin and super-thin flaps. There is no consensus regarding the definition of these terms in the literature. In
2021, Rios et al.” proposed a classification to provide a better understanding of the concepts [Table 3]°*. In
their literature review about supra-fascial free flaps, Rios et al."” also underlined the critical importance of
preoperative imaging planning in flaps dissected above the deep or superficial fascia. Identifying a vascular
pattern by CT-angiography”” and ultra-high frequency ultrasound preoperatively” and hand-held

37,38

acoustic Doppler or duplex ultrasound™* allows us to recognize the perforating vessels in the supra-fascial

plane. This preoperative awareness helps flap harvest, improves flap survival, shortens the operating time,
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Table 3. Flap classification based on dissection level by Rios et al.**

Flap dissection

Subfascial below the deep muscle fascia

Suprafascial above the deep muscle fascia and below the superficial adipose fascia
Thin on the plane of the superficial adipose fascia

Super thin above the superficial adipose fascia

Pure skin perforator flaps only skin and subdermal plexus vessels

and allows thinner flaps with lower donor site morbidity”***. Park" underlined two critical concepts in
thinning procedures: the flap size and the defatting extension. Concerning the first item, he reported results
of various clinical studies from which it emerges that the safe dimension of a thin flap is 17-18 cm"*”. As per
the defatting extension, the second point has no clear answer in literature®**. Many studies reported that
preserving adipose tissue approximately 3 cm from the pedicle could be sufficient to protect intra-adiposal

28,43-45]

branches! )

CONCLUSIONS

The "like to like" and the "flap thinning" are two workhorse principles the surgeon must keep in mind to
achieve a functional and cosmetic reconstruction of the hand. In addition, the knowledge of functional
cutaneous units of palm and units of tactile gnosis, together with palmar and dorsal skin characteristics, can
prioritize the reconstruction. When larger-sized substance losses jeopardize the flap choice, knowledge of
the architecture of the different layers of tissue helps to transform bulky flaps into more well-shaped tools.
Remember that no tissue can replace the original one: a mean replantation is often better than a perfect
secondary reconstruction.
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