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Introduction

Originating from a contraction of two Greek terms, syn and daktylos, which mean "together" and "digit", syndactyly is a descriptive term referring to distal limb deformities in which the fingers or toes are webbed. As evidenced by Oribasius' reports, physicians have been dealing with such deformities since the beginning of modern medicine [START_REF] Papadakis | Surgical treatment of polydactyly and syndactyly during the 4th century AD[END_REF]. Despite the tremendous progress made in the medical field during the last century, especially regarding deciphering the human genome and subsequent treatments, management of such a condition remains primarily surgical. Similarly, as evidenced by a flourishing literature about surgical technique refinements and innovative resources [START_REF] Hoevenaren | Virtual incision pattern planning using three-dimensional images for optimization of syndactyly surgery[END_REF], procedures have evolved over the last decades to improve functional and esthetic outcomes.

The objectives of this review were to summarize the basic underlying genetic and embryologic mechanisms leading to the phenotypic differences that are observed in isolated syndactyly (i.e., non-syndromic), to expose the clinical and paraclinical examinations that should be conducted in such patients, to describe the different surgical options the physician may consider when addressing these deformities, and to outline the esthetic and functional outcomes that may be expected along with the most common complications that may be encountered.

Embryology and underlying genetics

During normal embryologic development, upper limb formation usually starts 26 days after fertilization, relying on a ridge of stratified ectodermal cells (i.e., apical ectodermal ridge) that guides the proliferation of the underlying lateral plate of somatic mesoderm through numerous signaling factors (e.g., Sonic and Indian hedgehog pathways, fibroblast growth factors, bone-and cartilage-derived morphogenic proteins) [START_REF] Al-Qattan | Update on embryology of the upper limb[END_REF]. After 1 week of expansion and elongation, apoptosis and lysosomal-mediated cell death, as well as differential growth led by the zone of polarizing activity, shape the distal part of the limb bud into a paddlefashioned hand plate. Subsequent mesodermal condensations lead to digit formation within the plate, and spaces are formed from distal to proximal following similar mechanisms of regulated cell death [START_REF] Mm | Formation of normal interdigital web spaces in the hand revisited: implications for the pathogenesis of syndactyly in humans and experimental animals[END_REF]. Syndactyly corresponds to variable fusion of soft tissue and/or osteoarticular elements between adjacent digits, resulting from some degree of failure of these terminal processes.

Based on clinical, molecular and genetic data, nine types of non-syndromic syndactyly have been established, each of them having several subtypes. Even within one subtype, variations may be seen in the same family between relatives, or in the same patient between limbs [START_REF] Malik | Syndactyly: phenotypes, genetics and current classification[END_REF]. Due to these highly variable morphological presentations, the exact genotypic etiologies of non-syndromic syndactyly remain unclear. HOX gene mutations, and more specifically the HOXA and HOXD clusters, as well as mutations affecting other loci involved in regulating the expression of the aforementioned signaling factors that play key roles in limb development, have been associated with syndactyly deformities [START_REF] Ahmed | Genetic overview of syndactyly and polydactyly[END_REF]. Most of these mutations are inherited following an autosomal dominant trait, but types 5 and 7 are autosomal recessive while types 5 are X-related recessive; autosomal dominant phenotypes seem to be less severe, and all phenotypes have variable expressivity and incomplete penetration.

Epidemiology

With an incidence of 1 in 2000-3000 live births, syndactyly is one of the most common congenital hand deformities, with an approximate 2:1 male to female ratio and in the Caucasian population. Usually sporadic, 10% to 40% of patients have a family history of previous similar malformations [START_REF] Jordan | The epidemiology, genetics and future management of syndactyly[END_REF]. In isolated syndactyly, both hands are involved in 50% of cases; the third and fourth interdigital spaces are the most commonly affected (i.e., approximately 50% and 30% of cases, respectively), while the second and first interdigital space are more rarely affected (i.e., approximately 15% and 5% of cases, respectively). In syndromic cases, defined by coexisting systemic congenital abnormalities, the first and second web spaces are relatively more involved [START_REF] Waters | Syndactyly[END_REF][START_REF] Kvernmo | Treatment of congenital syndactyly of the fingers[END_REF]. Syndactyly can be associated with other hand deformities, including polydactyly, clinodactyly, brachydactyly, symphalangism, synostosis; even if they are more frequently observed in syndromic syndactyly, such associations may be seen in isolated cases [START_REF] Kay | Deformities of the hand and fingers[END_REF].

Classification and preoperative assessment

Syndactyly can be classified as complete or incomplete, depending on the web space, as well as simple, complex and complicated, depending on the types of tissues involved in the fusion (Fig. 1) [START_REF] Ger | Congenital malformation of the hand and forearm[END_REF]. In cases with interdigital fusion involving the fingertips, syndactyly will be considered complete; incomplete syndactyly refers to conjoined digits with a web space starting between the normal commissure level and the fingertips. Simple syndactyly refers to cases with only soft tissue connections; the joints are usually normal, as are the flexor and extensor tendons and neurovascular bundles, even if the division of the palmar common digital nerve and artery may be distal to the normal commissure level (Fig. 2) [START_REF] Mantero | Syndactyly: an angiographic study[END_REF]. Complex syndactyly implies osteoarticular abnormalities, with the most common type being distal fusion of the distal phalanx tufts; the more complex the syndactyly gets, the more often tendon and neurovascular anomalies tend to occur [START_REF] Samson | Syndactyly[END_REF]. Complicated syndactyly refers to cases with accessory phalanges or digits included within the abnormal web space (i.e., polysyndactyly or synpolydactyly); soft tissues abnormalities including tendons and neurovascular bundles are consistent [START_REF] Tonkin | Failure of differentiation part I: Syndactyly[END_REF].

The preoperative evaluation primarily focuses on the hand, to determine the involved interdigital space(s), the extent of fusion, with special attention on the nail complex (i.e., complete/incomplete), as well as associated hand differences. Passive and active motions of each joint involved in the deformity should be assessed to rule out associated angular deformities (e.g., camptodactyly, clinodactyly). Standard radiographs (i.e., anteroposterior and lateral views) are routinely taken to classify the deformity (i.e., simple, complex, complicated). In complex cases, ultrasound or magnetic resonance imaging can be used to identify tendon and neurovascular abnormalities [START_REF] Kay | Deformities of the hand and fingers[END_REF].

A general examination is made of the whole affected limb, including the chest wall, the other limbs and the thoracoabdominal and craniofacial areas to identify any syndromic concomitant malformations (e.g., Poland's syndrome, Apert's syndrome [START_REF] Guero | Algorithm for treatment of Apert hand[END_REF]). In selected cases, genetic counseling may be useful to evaluate the need for further investigations such as renal and/or cardiac ultrasounds to rule out associated organ malformations before undergoing general anesthesia for syndactyly release. To improve patient safety, some physicians have advocated for systematic preoperative electrocardiogram (ECG) testing to rule out Timothy's syndrome, a rare cardiac condition associated with syndactyly and characterized by prolonged QT interval that can be fatal; however, a recent study does not support routine ECG testing for non-syndromic children referred for syndactyly release [START_REF] Nuzzi | Preoperative electrocardiograms for nonsyndromic children with hand syndactyly[END_REF].

Indications and timing of surgery

Given the syndactyly's cosmetic and functional impacts on the hand, surgical management is indicated in most cases. Indeed, first web syndactyly hinders thumb-index pinch grip, while second, third and/or fourth web syndactyly limits the hand's span; furthermore, syndactyly between rays of different lengths induces angular deformities of the longer digit that is pulled distally by the shorter digit, which can result in fixed camptodactyly and/or clinodactyly of previously supple rays [START_REF] Kozin | Common pediatric congenital conditions of the hand[END_REF]. In addition to medical conditions prohibiting surgery, contraindications are based on functional considerations. Cases of minor incomplete syndactyly without significant limitation of the digits are not the most suitable candidate for surgery, since the cosmetic benefit of deepening the web space will be lessened by scar tissue. Similarly, surgery is not indicated in complex cases where there is not enough osteoarticular tissue to provide stable, mobile independent digits, since separation may worsen hand function [START_REF] Waters | Syndactyly[END_REF][START_REF] Kay | Deformities of the hand and fingers[END_REF][START_REF] Ger | Congenital malformation of the hand and forearm[END_REF].

While the timing of surgery remains controversial, several principles should be followed while keeping in mind the goal of ending the surgical program before 3 years of age (i.e., school age). The first interdigital web space should be separated early in life, commonly before 1 year of age, to prevent radial deviation of the index finger due to the thumb being shorter and to allow proper cortical integration of the thumb-index pinch grip [START_REF] Buck-Gramcko | Syndactyly between the thumb and index finger[END_REF]. Release surgeries may be performed later in the other interdigital spaces, commonly around 18 months of age, providing better long-term outcomes and decreasing the risk of revision procedures [START_REF] Ger | Congenital malformation of the hand and forearm[END_REF][START_REF] Flatt | Practical factors in the treatment of syndactyly[END_REF]; however, the patient should be monitored closely until the day of surgery to detect growth-related angular deviations, especially when border digits are involved (i.e. second and fourth interdigital web spaces), compelling the surgeon to perform an earlier release. Furthermore, in order to avoid jeopardizing the vascularization of skin flaps and/or the digit itself, most authors recommend staged separation surgeries when a finger is webbed on both sides, stating that no digit should be released on both side during the same surgery session [START_REF] Waters | Syndactyly[END_REF][START_REF] Kay | Deformities of the hand and fingers[END_REF][START_REF] Ger | Congenital malformation of the hand and forearm[END_REF][START_REF] Samson | Syndactyly[END_REF][START_REF] Flatt | Practical factors in the treatment of syndactyly[END_REF]. For example, syndactyly of all interdigital spaces will need two procedures; the first and third web spaces are released first, and 3 to 6 months later, the second and fourth web spaces are released. However, some authors recently described single-stage release of all fingers. In a retrospective study of 31 patients presenting with simple and incomplete multiple-digit syndactyly, Tian et al. carried out single-stage release using dorsal gull-wing flaps; only one patient required traditional staged release due to aberrant vascular anatomy, and no finger or flap necrosis was observed during the follow-up period [START_REF] Tian | Single-stage separation of 3-and 4-finger incomplete simple syndactyly with contiguous gull wing flaps: A technique to minimize or avoid skin grafting[END_REF]. Similarly, Hynes et al. conducted single-stage syndactyly separations in four patients with simple but complete five-finger syndactyly, using rectangular dorsal flaps in association with zigzag incisions and skin grafts, provided that at least one digital artery in all fingers was identified on preoperative CT angiography; no digital ischemia, flap necrosis or graft loss was observed [START_REF] Hynes | CT angiography-guided single-stage release of adjacent web spaces in non-Apert syndactyly[END_REF].

Intraoperative considerations

Patient setup

Under general anesthesia, the patient is placed supine with the arm abducted 90° from the torso. The tourniquet is placed as proximal as possible in order to provide access to the arm and elbow for skin graft harvesting; if available, a sterile tourniquet is preferable. Optical magnification should be available in the operating room, since it is essential during finger separation to identify and preserve neurovascular bundles.

Anatomical landmarks are labelled using a skin marker on the skin of the fused digits (e.g., metacarpal heads, interphalangeal joints of each digits, longitudinal midlines of each digit). Measurements are taken with a flexible ruler, including the proximal thickness of the conjoined digit and the distal width of each future paronychial fold, since it will guide where the different incisions are drawn [START_REF] Pandya | The Chevron technique for skin markings in syndactyly release[END_REF].

Interdigital commissure

The normal second, third and fourth web spaces have a 45° dorsal-palmar slope, allowing independent flexion/extension and abduction/adduction of the fingers. Starting proximally at the metacarpal head, they end distally at the mid-level of the proximal phalanx; due to lesser abduction of the third and fourth digits, the third web space is narrower than the second and fourth. Skin flaps are widely used to recreate a satisfactory interdigital commissure with supple cutaneous and subcutaneous tissues and thus prevent recurrence of the syndactyly [START_REF] Chouairi | National patterns in surgical management of syndactyly: A review of 956 cases[END_REF].

In cases of incomplete syndactyly with interdigital webbing limited to the proximal phalanx, the goal is to deepen an already existing space (Fig. 3). Three-flap web plastiessuch as the butterfly flap -are rather straightforward procedures associating a broad dorsal flap that recreates the central part of the newly deepened commissure with two palmar flaps to cover its sides [START_REF] Eaton | Three-flap web-plasty[END_REF]. Several designs have been proposed over the years, all providing satisfactory outcomes according to their authors [START_REF] Moss | Syndactyly: can web creep be avoided?[END_REF][START_REF] Ostrowski | A three-flap web-plasty for release of short congenital syndactyly and dorsal adduction contracture[END_REF][START_REF] Bandoh | The three-square-flap method for reconstruction of minor syndactyly[END_REF][START_REF] Matsumine | Improved "bell-bottom" flap surgical technique for syndactyly without skin graft[END_REF]. Provided that the initial webbing is proximal to the proximal phalanx distal epiphysis, these techniques can be performed without skin grafts (Fig. 4). When syndactyly reaches the proximal interphalangeal (PIP) joint level, palmar flaps may be insufficient to cover the commissure sides entirely, making skin grafts mandatory. To avoid such additional morbidity, an alternative is to raise the skin of the existing commissure as one or two island flaps and translate it proximally as in V-Y plasty, leaving more tissues on the sides of the proximal web to allow direct closure [START_REF] Yao | Repair of incomplete simple syndactyly by a web flap on a subcutaneous tissue pedicle[END_REF][START_REF] Brennen | Island flap reconstruction of the web space in congenital incomplete syndactyly[END_REF][START_REF] Tadiparthi | A modification of the Chinese island flap technique for simple incomplete syndactyly release[END_REF][START_REF] Yamashita | Subcutaneous pedicle V-Y flap for release of incomplete congenital syndactyly[END_REF].

In complete syndactyly, a proximally based dorsal flap is the most used technique (Fig. 5). In 1962, Flatt described a rectangular flap [START_REF] Flatt | Treatment of syndactylism[END_REF], with satisfactory outcomes reported by numerous teams using this technique [START_REF] Toledo | Evaluation of the operative treatment of syndactyly[END_REF][START_REF] Keret | Evaluation of a uniform operative technique to treat syndactyly[END_REF][START_REF] Smet | Syndactyly release: results of the Flatt technique[END_REF]. Starting proximally at the metacarpal heads, the flap length is equal to the anteroposterior thickness of the conjoined digits, usually about two thirds of the proximal phalanx length, so the flap tip can be sutured to the palm without tension, and a 1/2 ratio is maintained for flap width to prevent distal necrosis. Beyond these basic principles, numerous variations have been proposed to reproduce the commissure as anatomically as possible, including trapezoid flaps [START_REF] Vekris | Congenital syndactyly: outcome of surgical treatment in 131 webs[END_REF], hourglass flaps [START_REF] Glicenstein | What's new in syndactyly?[END_REF][START_REF] Mallet | Study of 2 commissural dorsal flap techniques for the treatment of congenital syndactyly[END_REF][START_REF] Barabas | Results of syndactyly release using a modification of the Flatt technique[END_REF], omega flaps [START_REF] Mallet | Study of 2 commissural dorsal flap techniques for the treatment of congenital syndactyly[END_REF][START_REF] Barabas | Results of syndactyly release using a modification of the Flatt technique[END_REF][START_REF] D'arcangelo | Correction of syndactyly using a dorsal omega flap and two lateral and volar flaps. A long-term review[END_REF], and gullwing-shaped flaps [START_REF] Uzunismail | Utility of the "seagull" flap for unoperated simple complete syndactyly in adults[END_REF] (Fig. 6). Despite satisfactory results, all these designs require concomitant skin grafting on the sides of the newly created commissure [START_REF] Miyamoto | Biomechanical analysis of surgical correction of syndactyly[END_REF]. To decrease the operating time and the morbidity of the release (i.e., additional operating site for skin graft), other authors have designed new flaps, which may be proximally based or raised on a subcutaneous pedicle, allowing skin closure without additional skin grafting (Fig. 7). Similarly, numerous shapes have been proposed, such as pentagonal [START_REF] Sherif | V-Y dorsal metacarpal flap: a new technique for the correction of syndactyly without skin graft[END_REF][START_REF] Gao | Dorsal pentagonal local flap: a new technique of web reconstruction for syndactyly without skin graft[END_REF], hexagonal [START_REF] Hsu | The modified V-Y dorsal metacarpal flap for repair of syndactyly without skin graft[END_REF][START_REF] Wang | Dorsal hexagon local flap without skin graft for web reconstruction of congenital syndactyly[END_REF], bilobed [START_REF] Sahin | Bilobed flap for web reconstruction in adult syndactyly release: a new technique that can avoid the use of skin graft[END_REF], trilobed [START_REF] Tian | Single-stage separation of 3-and 4-finger incomplete simple syndactyly with contiguous gull wing flaps: A technique to minimize or avoid skin grafting[END_REF][START_REF] Niranjan | Long-term results of primary syndactyly correction by the trilobed flap technique[END_REF][START_REF] Widerberg | Long-term results of syndactyly correction by the trilobed flap technique focusing on hand function and quality of life[END_REF], quadrilobed [START_REF] Liu | Dorsal plane-shaped advancement flap for the reconstruction of web space in syndactyly without skin grafting: A preliminary report[END_REF][START_REF] Ni | The use of an hourglass dorsal advancement flap without skin graft for congenital syndactyly[END_REF], and gullwing-shaped flaps [START_REF] Yildirim | Correction of syndactyly using a dorsal separated V-Y advancement flap and a volar triangular flap in adults[END_REF][START_REF] Dong | The use of a dorsal double-wing flap without skin grafts for congenital syndactyly treatment: A STROBE compliant study[END_REF].

Palmar flaps may be used as well, alone [START_REF] Jose | Syndactyly correction: an aesthetic reconstruction[END_REF][START_REF] Delord | Results of Blauth palmar flap in congenital syndactyly: Long-term outcome in a 31 webs study[END_REF] or in combination with a dorsal flap [START_REF] Killian | Syndactyly reconstruction by a modified Cronin method[END_REF][START_REF] Lewis | Web space reconstruction with a M-V flap[END_REF][START_REF] Karacaoglan | Reverse W-M plasty in the repair of congenital syndactyly: a new method[END_REF][START_REF] Savaci | Use of reverse triangular V-Y flaps to create a web space in syndactyly[END_REF][START_REF] Mericli | Syndactyly web space reconstruction using the tapered M-to-V flap: A single-surgeon, 30-year experience[END_REF][START_REF] Karamese | V-Y and rectangular flap combination for syndactyly repair[END_REF] (Fig. 4); such combinations have been advocated by Kay et al. to avoid skin grafting on both sides of the commissure by performing an unequal redistribution of the proximal skin [START_REF] Kay | Deformities of the hand and fingers[END_REF]. Dorsal metacarpal island flaps have also been used in such indications as transposition flaps instead of advancement flaps as mentioned above; however the cosmetic morbidity of harvesting the flap on the dorsum of the hand is substantial [START_REF] Wafa | Hourglass dorsal metacarpal island flap: a new design for syndactylized web reconstruction[END_REF][START_REF] Teoh | Dorsal pentagonal island flap: a technique of web reconstruction for syndactyly that facilitates direct closure[END_REF][START_REF] Aydin | Dorsal metacarpal island flap in syndactyly treatment[END_REF].

Digital separation

Originally, syndactyly release consisted in making palmar and dorsal straight-line incisions and filling the soft tissue defects with longitudinal skin grafts [START_REF] Oldfield | The horse-shoe web flap in the treatment of syndactyly[END_REF]. However, such separation contributed to retractile scar formation, leading to web creep and/or limited joint motion; furthermore, the available cutaneous tissues on the conjoined digits were not optimized, increasing the area of skin graft needed [START_REF] Van Der Biezen | Dividing the fingers in congenital syndactyly release: a review of more than 200 years of surgical treatment[END_REF]. Since Cronin's work in 1946, most hand surgeons use matched zig-zag incisions to elevate palmar and dorsal laterally based interdigitating flaps [START_REF] Cronin | Syndactylism: results of zig-zag incision to prevent postoperative contracture[END_REF][START_REF] Yoon | Interdigitating rectangular flaps and dorsal pentagonal island flap for syndactyly release[END_REF]. While some teams still perform straight-line incisions, they are rarely mentioned in the recent literature [START_REF] Sawabe | Temporal skin grafts following straight incision for syndactyly correction[END_REF] and they should be reserved to cases with limited digital mobility such as Apert's hands [START_REF] Tonkin | Failure of differentiation part I: Syndactyly[END_REF].

Once the incisions are made and the flaps elevated, cautious dissection is conducted within the interdigital space from dorsal to palmar, to release all fibrous connections while identifying the neurovascular structures. The goal is to split the neurovascular bundles that are within the web space as proximal as possible to the intended commissure level (i.e., metacarpal heads). If the division of the common palmar digital artery precludes good positioning of the commissure flap, one of the two branches may be ligated, provided that the contralateral digital artery is known to be intact (i.e., contralateral digital artery preserved during previous release procedure or contralateral side of the digit unaffected). In addition, a clamping test of both branches must be performed before ligation to ascertain satisfactory vascularization of both digits. When no artery can be ligated without compromising the vascularization of the rays and/or flaps, the commissure must be translated distally, at the level of the arterial division. Some authors suggest performing a bypass [START_REF] Kay | Deformities of the hand and fingers[END_REF] with a vein graft sutured proximally to the common palmar digital artery in a side-to-end fashion and distally to the proper palmar digital artery in an end-to-end fashion, but we consider such procedures too risky. When the common palmar digital nerve division is too distal, intraneural dissection is conducted until the two digital nerves divide proximally to the commissure level.

Resurfacing

As previously stated, some commissural flap designs allow direct closure [START_REF] Tian | Single-stage separation of 3-and 4-finger incomplete simple syndactyly with contiguous gull wing flaps: A technique to minimize or avoid skin grafting[END_REF][START_REF] Gao | Dorsal pentagonal local flap: a new technique of web reconstruction for syndactyly without skin graft[END_REF][START_REF] Sahin | Bilobed flap for web reconstruction in adult syndactyly release: a new technique that can avoid the use of skin graft[END_REF][START_REF] Liu | Dorsal plane-shaped advancement flap for the reconstruction of web space in syndactyly without skin grafting: A preliminary report[END_REF][START_REF] Ni | The use of an hourglass dorsal advancement flap without skin graft for congenital syndactyly[END_REF][START_REF] Yildirim | Correction of syndactyly using a dorsal separated V-Y advancement flap and a volar triangular flap in adults[END_REF][START_REF] Dong | The use of a dorsal double-wing flap without skin grafts for congenital syndactyly treatment: A STROBE compliant study[END_REF]; in such cases, resurfacing is achieved through flap positioning and defatting [START_REF] Greuse | Congenital syndactyly: defatting facilitates closure without skin graft[END_REF], which may compromise flap viability in case of tight suturing [START_REF] Tonkin | Failure of differentiation part I: Syndactyly[END_REF], as well as leaving the residual defects open [START_REF] Withey | The open finger technique for the release of syndactyly[END_REF]. Another option is to prevent cutaneous tissue shortages by performing preoperative tissue expansion, using either an external fixator [START_REF] Ogawa | The preoperative use of extra-tissue expander for syndactyly[END_REF][START_REF] Takagi | A new technique for the treatment of syndactyly with osseous fusion of the distal phalanges[END_REF][START_REF] Shevtsov | Application of external fixation for management of hand syndactyly[END_REF][START_REF] Lohmeyer | Transverse soft tissue distraction preceding separation of complex syndactylies[END_REF] or subcutaneous devices [START_REF] Ishikura | Repair of complete syndactyly by tissue expansion and composite grafts[END_REF][START_REF] Coombs | Tissue expansion for the treatment of complete syndactyly of the first web[END_REF]; however, despite satisfactory outcomes reported by different authors, the inherent morbidity of these techniques have limited their use to complex and complicated cases such as Apert's hand [START_REF] Lohmeyer | Transverse soft tissue distraction preceding separation of complex syndactylies[END_REF].

Nonetheless, since not all syndactylies allow for graftless procedures (e.g., complex syndactyly), skin grafting may be mandatory in some cases [START_REF] Goldfarb | Complex syndactyly: aesthetic and objective outcomes[END_REF]. Full-thickness grafts are traditionally used, which may be harvested from numerous donor sites; these include the inguinal crease, the elbow and wrist flexion creases (Fig. 8) [START_REF] Benatar | Full-thickness skin grafts from the cubital fossa for syndactyly-release[END_REF], the medial aspects of the arm, forearm and hand [START_REF] Park | Full-thickness skin graft from the ulnar aspect of the wrist to cover defects on the hand and digits[END_REF], the retroauricular area [START_REF] Sulser | Retroauricular full-thickness skin grafts in syndactyly repair: outcome and comparison with inguinal full-thickness skin grafts: retrospective (crosssectional) study[END_REF], the foot [START_REF] Zoltie | Full thickness grafts taken from the plantar instep for syndactyly release[END_REF], other digits in cases of a concomitant malformation requiring an amputation [START_REF] Rowsell | A fortuitous donor site for full-thickness skin grafts in the correction of syndactyly[END_REF][START_REF] Truffandier | Spare-parts concept in pediatric hand: About one bilateral syndactyly[END_REF], as well as the foreskin [START_REF] Ehrlichman | Preputial grafts: The forgotten donor site[END_REF].

Donor site selection depends on the area to cover, the pigmentation of the defect edges in colored skin, and physician preferences. Preputial and inguinal donor sites have been associated with secondary pigmentation mismatches [START_REF] Karagoz | Is it a good option to use preputium as skin graft in syndactyly release?[END_REF] and hyperpilosity [START_REF] Lumenta | Long-term outcomes of web creep, scar quality, and function after simple syndactyly surgical treatment[END_REF] of the graft, respectively. The graft size depends on the defects to cover, which can be approximated at the donor site in one oval surface to allow direct closure [START_REF] Zoltie | Full thickness grafts taken from the plantar instep for syndactyly release[END_REF]. Split-thickness grafts may also be used if they are positioned on a dermal substitute that will recreate a satisfactory subcutaneous gliding plane [START_REF] Deunk | Long-term results of syndactyly correction: fullthickness versus split-thickness skin grafts[END_REF][START_REF] Duteille | Matriderm' dermal substitute with split-thickness skin graft compared with full-thickness skin graft for the coverage of skin defects after surgical treatment of congenital syndactyly: results in 40 commissures[END_REF]. Landi et al. have reported using hyaluronic acid scaffolds (Hyalomatrix®, Anika Therapeutics Inc., Bedford, MA, USA) to cover the remaining skin defects after syndactyly release, with promising short-term results [START_REF] Landi | Hyaluronic acid scaffold for skin defects in congenital syndactyly release surgery: a novel technique based on the regenerative model[END_REF]; however, long-term outcomes have not been reported yet.

Paronychial reconstruction

When separating a complete syndactyly with common nail beds, the paronychial fold must be reconstructed to achieve satisfactory cosmetic and functional outcomes, especially in complicated cases with fused phalangeal tufts in which bony elements are exposed at the end of the release, thus precluding skin grafting. The most commonly used technique is the one described by Buck-Gramcko, in which two laterally based long and narrow triangular flaps are raised from the tips of the conjoined digits and applied around the separated nail beds, forming the new paronychial folds on the side of the release [START_REF] Ger | Congenital malformation of the hand and forearm[END_REF][START_REF] Bulic | Long-term aesthetic outcome of fingertip reconstruction in complete syndactyly release[END_REF][START_REF] Golash | Nail fold creation in complete syndactyly using Buck-Gramcko pulp flaps[END_REF]; different flap designs have been proposed, but cosmetic outcomes appear less encouraging [START_REF] Lundkvist | A double pulp flap technique for creating nail-folds in syndactyly release[END_REF][START_REF] Sugihara | Surgical method for treatment of syndactyly with osseous fusion of the distal phalanges[END_REF] (Fig.

Postoperative care and follow-up

Except if a patient has associated medical conditions that precludes outpatient surgery, the patient is discharged the day of surgery with analgesic medications [START_REF] Chouairi | National patterns in surgical management of syndactyly: A review of 956 cases[END_REF]. Wound care is conducted for 7 to 14 days after surgery under medical supervision to assess flap and/or graft vitality. The dressing is maintained until the wounds are completely healed. Selfdirected rehabilitation through daily living activities starts when all bandages have been removed.

Multiple follow-up consultations are mandatory during the first year after surgery to identify potential complications, whether immediate or delayed. After 1 year, the risk of such complications decreases and follow-up visits can be less frequent, most commonly on a yearly basis.

Complications and outcomes

The most common acute complications include digital ischemia, flap necrosis or graft loss, wound dehiscence or delayed healing, as well as superficial surgical site infections, with the latter being the most common. Regarding long-term outcomes, the most common complication is web creep, defined as distal translation of the commissure [103]. As previously stated, the two most effective ways to prevent this complication are to use flaps to reconstruct the commissure (i.e., no skin graft) and postoperative dressings to maintain the newly created web space open during healing. Another rather common long-term complication is limited joint motion, usually in extension, in the setting of palmar scar contractures; if neglected, such contracture may lead to growth-related frontal and/or sagittal fixed angulations of the digit (Fig. 11) [START_REF] Lumenta | Long-term outcomes of web creep, scar quality, and function after simple syndactyly surgical treatment[END_REF]. In cases with fused nail matrix, nail dystrophy may be seen during follow-up; hopefully, cases requiring revision surgery are rather rare. Skin graft hyperpigmentation is rather uncommon, and it has been reported mostly in patients where either the groin or the foreskin had been used as donor sites [104]. Although very unusual, impressive keloid formations have been reported as well, especially in patients with associated macrodactyly [105,106]; management of such complications should combine local surgical treatment (i.e., keloid resection and skin grafting) and oral methotrexate treatment [107,108].

When the aforementioned technical guidelines are followed, such complications are rare, occurring in about 0.4 to 2% of cases. Nonetheless, intrinsic factors have been identified as having a negative impact, including increasing complexity of the syndactyly and its association with concomitant hand malformations [109,110].

Considering the lack of well-conducted comparative study in the literature, it is unrealistic to recommend one technique over another based on scientific arguments (Table 1). Subsequently, there are still several on-going debates in our community, such as the ideal technique to separate simple complete syndactyly (i.e., flap associated with skin grafts, or graftless techniques).While most recent studies report satisfactory results with graftless procedures [START_REF] Wang | Dorsal hexagon local flap without skin graft for web reconstruction of congenital syndactyly[END_REF][START_REF] Widerberg | Long-term results of syndactyly correction by the trilobed flap technique focusing on hand function and quality of life[END_REF][START_REF] Ni | The use of an hourglass dorsal advancement flap without skin graft for congenital syndactyly[END_REF][START_REF] Dong | The use of a dorsal double-wing flap without skin grafts for congenital syndactyly treatment: A STROBE compliant study[END_REF]111], these retrospective and non-comparative studies have limited 

Conclusion

As one of the most common congenital or acquired hand deformity, the literature regarding the diagnosis of syndactyly and its surgical care is abundant. Initial examination must focus on the determining whether the observed malformation is syndromic or isolated. While numerous techniques have been described to treat such deformities, very little comparative data exists. Subsequently, the physician has many choices on which technique to use.

Figure legends

Fig. 1. Syndactyly can be incomplete (A, B) or complete (C, D, E, F), depending on whether the fingertips are involved. Similarly, it can be simple (A, B, C) or complex (D, E, F), depending on whether the osteoarticular tissues are involved; in complex cases, the presence of additional or abnormal bones within the conjoined digits defines it as complex (E, F). Fig. 2. The division of the common palmar digital artery may be distal to the desired commissure level. Fig. 3. In incomplete syndactyly, the interdigital space can be deepened with three-flap web plasties when the fusion is proximal to the proximal interphalangeal joint level (A [START_REF] Eaton | Three-flap web-plasty[END_REF], B [START_REF] Ostrowski | A three-flap web-plasty for release of short congenital syndactyly and dorsal adduction contracture[END_REF],

C [START_REF] Flatt | Practical factors in the treatment of syndactyly[END_REF], D [START_REF] Bandoh | The three-square-flap method for reconstruction of minor syndactyly[END_REF]), or with island flaps in other cases (E [START_REF] Yao | Repair of incomplete simple syndactyly by a web flap on a subcutaneous tissue pedicle[END_REF], F [START_REF] Yamashita | Subcutaneous pedicle V-Y flap for release of incomplete congenital syndactyly[END_REF], G [START_REF] Tadiparthi | A modification of the Chinese island flap technique for simple incomplete syndactyly release[END_REF], H [START_REF] Brennen | Island flap reconstruction of the web space in congenital incomplete syndactyly[END_REF]). Fig. 4. Web space deepening in an 18-month-old boy using the Ostrowski three-flap web plasty [START_REF] Ostrowski | A three-flap web-plasty for release of short congenital syndactyly and dorsal adduction contracture[END_REF], combining a dorsal rectangular flap (A) and two triangular palmar flaps (B) that allow direct closure (C, D). Fig. 5. Examples of commissural flaps that require skin grafts (A [START_REF] Flatt | Treatment of syndactylism[END_REF], B [START_REF] Vekris | Congenital syndactyly: outcome of surgical treatment in 131 webs[END_REF], C [START_REF] Mallet | Study of 2 commissural dorsal flap techniques for the treatment of congenital syndactyly[END_REF], D [START_REF] Mallet | Study of 2 commissural dorsal flap techniques for the treatment of congenital syndactyly[END_REF], E [START_REF] Delord | Results of Blauth palmar flap in congenital syndactyly: Long-term outcome in a 31 webs study[END_REF], F [START_REF] Jose | Syndactyly correction: an aesthetic reconstruction[END_REF], G [START_REF] Karacaoglan | Reverse W-M plasty in the repair of congenital syndactyly: a new method[END_REF], H [START_REF] Killian | Syndactyly reconstruction by a modified Cronin method[END_REF], I [START_REF] Karamese | V-Y and rectangular flap combination for syndactyly repair[END_REF], J [START_REF] Savaci | Use of reverse triangular V-Y flaps to create a web space in syndactyly[END_REF], K [START_REF] Mericli | Syndactyly web space reconstruction using the tapered M-to-V flap: A single-surgeon, 30-year experience[END_REF]). [START_REF] Wang | Dorsal hexagon local flap without skin graft for web reconstruction of congenital syndactyly[END_REF], C [START_REF] Ni | The use of an hourglass dorsal advancement flap without skin graft for congenital syndactyly[END_REF], D [START_REF] Dong | The use of a dorsal double-wing flap without skin grafts for congenital syndactyly treatment: A STROBE compliant study[END_REF], E [START_REF] Sahin | Bilobed flap for web reconstruction in adult syndactyly release: a new technique that can avoid the use of skin graft[END_REF], F [START_REF] Niranjan | Long-term results of primary syndactyly correction by the trilobed flap technique[END_REF], G [START_REF] Tian | Single-stage separation of 3-and 4-finger incomplete simple syndactyly with contiguous gull wing flaps: A technique to minimize or avoid skin grafting[END_REF], H [START_REF] Hsu | The modified V-Y dorsal metacarpal flap for repair of syndactyly without skin graft[END_REF], I [START_REF] Liu | Dorsal plane-shaped advancement flap for the reconstruction of web space in syndactyly without skin grafting: A preliminary report[END_REF], J [START_REF] Sherif | V-Y dorsal metacarpal flap: a new technique for the correction of syndactyly without skin graft[END_REF], K [START_REF] Yildirim | Correction of syndactyly using a dorsal separated V-Y advancement flap and a volar triangular flap in adults[END_REF]). 

Table titles

Table 1. Therapeutic studies on surgical management of complete syndactyly using graftless techniques published during the last 6 years

  scientific value (i.e., type-IV therapeutic studies[112]). During the last 5 years, only three comparative studies were found. In 2018, Yuan et al. reported significantly better cosmetic outcomes when using grafts, with significantly less revision surgeries[113]. In a retrospective study of 49 web spaces, Ferrari and Werker found no difference in terms of patient satisfaction between graftless procedures and those who required skin grafts, despite the additional morbidity of graft harvests[114]. Furthermore, Wang and Hutchinson observed better outcomes in terms of appearance and web creep with the use of grafts in a prospective matched comparative study of 14 patients who underwent bilateral release[115].

Fig. 6 .

 6 Fig. 6. Staged separation of a complete complicated syndactyly involving the 4 th and 5 th fingers in a 10-month-old girl with fused phalangeal tufts (A) using an omega flap and skin grafts to resurface the interdigital space (B, C) and Buck-Gramcko triangular flaps for the pulp (D). Immediate post-operative (E, F) and 12-month follow-up pictures (G, H) demonstrating satisfactory esthetic outcomes with no web creep.

Fig. 7 .

 7 Fig. 7. Examples of graftless commissural flaps (A[START_REF] Gao | Dorsal pentagonal local flap: a new technique of web reconstruction for syndactyly without skin graft[END_REF], B[START_REF] Wang | Dorsal hexagon local flap without skin graft for web reconstruction of congenital syndactyly[END_REF], C[START_REF] Ni | The use of an hourglass dorsal advancement flap without skin graft for congenital syndactyly[END_REF], D[START_REF] Dong | The use of a dorsal double-wing flap without skin grafts for congenital syndactyly treatment: A STROBE compliant study[END_REF], E[START_REF] Sahin | Bilobed flap for web reconstruction in adult syndactyly release: a new technique that can avoid the use of skin graft[END_REF], F[START_REF] Niranjan | Long-term results of primary syndactyly correction by the trilobed flap technique[END_REF],

Fig. 8 .

 8 Fig. 8. Morbidity after full-thickness skin graft harvesting at the elbow flexion crease.

Fig. 9 .

 9 Fig.9. Examples of pulp flaps that may be used to reconstruct the paronychial fold in complete complex syndactyly cases (A[START_REF] Ger | Congenital malformation of the hand and forearm[END_REF], B[START_REF] Sugihara | Surgical method for treatment of syndactyly with osseous fusion of the distal phalanges[END_REF], C[START_REF] Lundkvist | A double pulp flap technique for creating nail-folds in syndactyly release[END_REF]).

Fig. 10 .

 10 Fig. 10. Separation of an incomplete syndactyly of the first web space in an 8-month-old boy using the Buck-Gramcko advancement-rotation flap (A, B), without skin graft (C).

Fig. 11 .

 11 Fig. 11. Postoperative neglected palmar contracture (A) after the release of a complete and simple syndactyly of the 3 rd web space, inducing a radial camptodactyly (B) and a palmar dislocation of the distal interphalangeal joint of the 3 rd finger (C).
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). Other techniques have been used, such as thenar flaps or paronychial composite graft harvested from a toe; however, given the additional morbidity of these techniques, we do not recommend them as primary procedures [START_REF] Van Des Biezen | The double opposing palmar flaps in complex syndactyly[END_REF].

First interdigital space

To allow thumb circumduction, the first web space is wide, with a thin and mobile breadth of palmar-dorsal skin that is free from the deeper musculofascial plane [START_REF] Kay | Deformities of the hand and fingers[END_REF]. Subsequently, transverse scars should be avoided in the commissure to allow satisfactory motion of the thumb, and subcutaneous tissues should be thick and mobile enough to enable a satisfactory power grip [START_REF] Buck-Gramcko | Syndactyly between the thumb and index finger[END_REF]. In mild syndactyly, considering that there is no dorsal-palmar slope to restore in the first web space, Z-plasties may be sufficient, with either a simple Z-plasty or a four-flap Z-plasty [START_REF] Kay | Deformities of the hand and fingers[END_REF].

In severe cases, large cutaneous and subcutaneous defects will appear once the interdigital space is restored. Buck-Gramcko described a large advancement-rotation flap (Fig. 10) from the dorsum of the hand, with satisfactory outcomes reported by different authors using this technique [START_REF] Buck-Gramcko | Syndactyly between the thumb and index finger[END_REF][START_REF] Ghani | Modified dorsal rotation advancement flap for release of the thumb web space[END_REF]. In cases with limited available dorsal skin, alternative procedures are pedicled or free flaps, harvested from the distal forearm, the lateral aspect of the arm, or the groin [START_REF] Gülgönen | Reconstruction of the first web space in symbrachydactyly using the reverse radial forearm flap[END_REF].

Skin closure and dressing

Once all flaps have been positioned, the tourniquet is released before skin grafting in order to avoid any graft loss due to postoperative hematomas. Surgical wounds are closed with 5-0 absorbable sutures, which helps to avoid subsequent patient discomfort due to suture removal without increasing the risk of keloid formation [START_REF] Weber | Absorbable sutures help minimise patient discomfort and reduce cost in syndactyly release[END_REF]. Under general anesthesia, the first dressing is made so that the newly created web space is held as open as possible without compromising flap and/or digit vascularization; while most authors recommend using only gauze to maintain the web space opened [100], this can be achieved by the mean of an external fixator when needed [101,102].

Outcomes are often satisfactory, provided the syndactyly is simple and that basic operating rules are followed when operating on these patients.
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