M.D Aurélie Wolf-Mandroux 
email: aurelie.wolf-mandroux@hotmail.fr
  
M.D Romain Detammaecker 
email: romain.detammaecker@hotmail.fr
  
Y.-K De Almeida 
email: dealmeida_yk@yahoo.fr
  
M Krebs 
  
M.D Gilles Dautel 
email: gillesdautel@mac.com
  
Lionel Athlani 
email: lionel.athlani@gmail.com
  
M.D Yoan-Kim De Almeida 
  
  
Le lambeau pédiculé à partir de la première branche dorsale de l'artère digitale palmaire propre des doigts longs : étude anatomique cadavérique

Keywords: First dorsal branch of the proper palmar digital artery, Dorsal branch of the proper palmar digital nerve, Digital flap Première branche dorsale de l'artère digitale palmaire propre, Branche dorsale

des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

variations in the neurovascular pedicle, determine its relationships with other anatomical structures, describe the dissection technique for the FBPPDA and explore potential indications. We conducted an anatomical study with eight upper limbs from fresh adult cadavers. Twenty-six fingers (6 index, 6 middle, 8 ring, 8 little) were dissected after intraarterial silicone injection. We found a pedicle composed of the FBPPDA and the DBPPDN in all fingers. The artery arises an average 19 mm from the bifurcation of the common palmar digital artery. The DBPPDN's configuration relative to the FBPPDA varied; in the main variant -found in 58% of cases -the nerve was superficial and proximal position to the artery. After its origin, the pedicle ran on the superficial aspect of the extensor hood along an oblique path from proximal to distal and from palmar to dorsal. Its path ended with its penetration into the skin paddle of the flap just upstream the proximal interphalangeal (PIP) joint. The skin paddle corresponded to the functional skin unit represented by the dorsal surface of the middle phalanx and that of the PIP joint. Its average length was 33 mm [START_REF] Koch | Donor site morbidity in cross-finger flaps[END_REF][START_REF] Cohen | An innervated cross-finger flap for fingertip reconstruction[END_REF](28)(29)(30)(31)(32)(33)(34)(35)(36)(37)(38)(39)(40) and its average width was 21 mm [START_REF] Merle | Chirurgie de la main: L'urgence (4e édition)[END_REF][START_REF] Chen | Reconstruction of a neurocutaneous defect of the proximal phalanx with a heterodigital arterialised nerve pedicle flap[END_REF][START_REF] Feng | A novel approach for reconstruction of finger neurocutaneous defect: A sensory reverse dorsal digital artery flap from the neighboring digit : Reverse dorsal digital artery flap[END_REF][START_REF] Xianyu | Reconstruction of finger-pulp defect with a homodigital laterodorsal fasciocutaneous flap distally based on the dorsal branches of the proper palmar digital artery[END_REF][START_REF] Lee | Innervated lateral middle phalangeal finger flap for a large pulp defect by bilateral neurorrhaphy[END_REF][START_REF] Kim | Innervated reverse digital artery island flap through bilateral neurorrhaphy using direct small branches of the proper digital nerve[END_REF][START_REF] Chen | Treatment of a combination of volar soft tissue and proper digital nerve defects using the dorsal digital nerve island flap[END_REF][START_REF] Littler | The neurovascular pedicle method of digital transposition for reconstruction of the thumb[END_REF][START_REF] Henderson | Long term follow up of neurovascular island flaps[END_REF][START_REF] Qin | Fingertip reconstruction with a flap based on the dorsal branch of the digital artery at the middle phalanx : A simple and reliable flap[END_REF][START_REF] Wei | Repair of fingertip defect using an anterograde pedicle flap based on the dorsal perforator[END_REF][START_REF] Koch | Donor site morbidity in cross-finger flaps[END_REF][START_REF] Cohen | An innervated cross-finger flap for fingertip reconstruction[END_REF](28)(29)(30). The arc of rotation was sufficient to reach homodigital and heterodigital cutaneous defects. Based on our findings, this flap is a reliable and reproducible option for finger skin defects. The size of its paddle and its innervation make it an interesting alternative to conventional flaps.

Résumé

Le lambeau pédiculé à partir de la première branche dorsale de l'artère digitale palmaire 

Introduction

Reconstruction of skin defects in the fingers is a common scenario in hand surgery [START_REF] Raimbeau | The cost of hand emergencies[END_REF].

Depending on the size and location of the area to be covered, different types of flaps have been described, with a preference for local flaps [START_REF] Biswas | Local and regional flaps for hand coverage[END_REF][START_REF] Rehim | Enhancing aesthetic outcomes of soft-tissue coverage of the hand[END_REF]. Vascular reliability and technical reproducibility are two main criteria for selecting flaps [START_REF] Wang | Modified heterodigital neurovascular island flap for sensory reconstruction of pulp or volar soft tissue defect of digits[END_REF]. To guarantee the best functional outcomes, it is preferable to use a sensitive flap [START_REF] Kim | Reverse digital artery cross-finger flap for reconstruction of failed finger replantation[END_REF][START_REF] Lucchina | End-to-side innervated sensate radial forearm flap in the hand: A 5-year follow-up[END_REF].

In 1998, Tellioglu et al [START_REF] Tellioglu | The dorsal branch of the digital nerve : an anatomic study and clinical applications[END_REF] described a pedicled flap from the first dorsal branch of the proper palmar digital artery (FBPPDA) of the fingers as an accessible solution for homo-and heterodigital cutaneous defects [START_REF] Tellioglu | The dorsal branch of the digital nerve : an anatomic study and clinical applications[END_REF]. The advantage of this skin flap is that it is innervated by the dorsal branch of the proper palmar digital nerve (DBPPDN). Clinical studies with a small number of patients reported good results with minimal morbidity at the donor site and a wide range of indications [START_REF] Zhao | Sensory reconstruction in different regions of the digits: A review of 151 cases[END_REF]. Tellioglu et al [START_REF] Tellioglu | The dorsal branch of the digital nerve : an anatomic study and clinical applications[END_REF] evaluated the DBPPDN in an anatomical study to clarify the innervation of this flap, but no data were reported on the vascular pedicle and its relationship to the nerve. The objective of our study was to evaluate the anatomical variations in the neurovascular pedicle, determine its relationships with other anatomical structures, describe the dissection technique for the FBPPDA and explore potential indications.

Materials and methods

Study protocol

This was a single-center anatomical study of 8 upper limbs (4 left and 4 right) from fresh, unembalmed adult cadavers provided by the Medical School Anatomy Laboratory. The limbs had been disarticulated at the scapulohumeral joint and were prepared using the same protocol by a senior surgeon (L.A., 10 years' clinical experience). The radial and ulnar arteries were dissected through an incision in the anterior aspect of the wrist and isolated to perform arteriotomy of each artery and then inject radio-opaque silicone (Microfil™, Carver, Massachusetts). Each artery received 10 cc of radio-opaque silicone and then ligated to limit the silicone's effusion outside the vascular pedicles studied. After 1 week's rest, we dissected the FBPPDA flap on 26 fingers using the same surgical technique. Dissection of the index fingers was performed on their ulnar side to avoid specific anatomical variations at the radial edge. Dissection of the other fingers was performed on their radial side. Six fingers could not be dissected because of significant deterioration.

Surgical technique for the FBPPDA flap

Two senior surgeons (R.D. and L.A., 7 years' and 10 years' clinical experience) performed all the dissections. The first step consisted of drawing the skin paddle and the approach to the neurovascular pedicle (Fig. 1). The skin island was drawn on the dorsal surface of the middle phalanx and corresponded to the entire functional skin unit. Its distal limit was the extension fold of the distal interphalangeal joint. Its lateral limits were the mid-lateral lines. Proximally, the skin covering the proximal interphalangeal joint (PIP) should always be included to avoid damaging the pedicle during dissection. A broken incision on the lateral side of the finger joining the proximal edge of the pallet at the top of the commissure allowed dissection of the pedicle. Then, lifting the flaps exposed the subcutaneous tissue containing the neurovascular pedicle. The latter had to be lifted in one piece, including not only the artery and nerve, but also the entire peripheral fatty tissue, which was essential for venous return.

Dissection of the skin paddle was performed from distal to proximal. It was important to preserve the peritenon of the extensor apparatus to cover the donor site with a skin graft, if needed. Dissection became more difficult around the PIP joint due to thinning of the subcutaneous tissue, highlighting the value of preserving the skin component of the paddle in this area. At the base of the finger, the FBPPDA and DBPPDN were identified and individualized. Dissection of the pedicle was continued retrograde to the bifurcation of the common palmar digital artery.

Descriptive anatomy

An independent examiner (A.W., surgeon, 3 years of clinical experience) measured the width and length of each skin paddle in millimeters (accuracy 1 mm) with a graduated ruler (Purple surgical International™, Herts, England). This was used to determine the average surface area in mm² of the skin island and thus its coverage capacity relative to the defect's size. The ratio of the skin paddle to finger length, measured on the volar surface of each finger, between the flexion fold of the metacarpophalangeal joint and the distal end of the pulp, was also calculated. The origin, path and relationships of the neurovascular pedicle were recorded. The distance in millimeters (accuracy 1 mm) between the bifurcation of the common palmar digital artery and the origin of the FBPPDA was systematically measured.

The location where the DBPPDN emerged relative to the diaphyseal bone area (proximal third, middle third, distal third) of the proximal phalanx was noted. The anatomical relationships of the nerve and artery destined to the flap were evaluated based on two criteria: 1) the superficial or deep position of the nerve branch relative to the artery; 2) the proximal or distal position of the nerve branch relative to the artery. Finally, the rotation point of each dissected flap was evaluated. The benchmark was the origin of the FBPPDA. The potential homo-and hetero-digital areas that could be reached were identified.

Statistical analysis

Quantitative parameters were described by their means ± standard deviations and qualitative parameters by their numbers and percentages.

Results

Six index fingers, six middle fingers, eight ring fingers and six little fingers were dissected in this study. Each of them had a pedicle to the flap composed of the FBPPDA and DBPPDN.

After its origin, the neurovascular pedicle ran on the superficial aspect of the extensor hood along an oblique path from proximal to distal and from palmar to dorsal. The artery and nerve travelled together to the proximal edge of the skin paddle. At this level, opposite the PIP joint, the FBPPDA gave rise to multiple perforators that penetrated the paddle, ensuring its vascularization (Fig. 2). The DBPPDN also penetrated the paddle at this level.

FDBPDA originated an average of 19 mm (range: 12-28 mm) from the bifurcation of the common palmar digital artery into proper palmar digital arteries. The DBPPDN emerged in the proximal third of the proximal phalanx. The DBPPDN's configuration relative to the FBPPDA had different anatomical variants. In the main one, found in 58% of cases, the nerve was superficial and proximal position to the artery (Fig. 3). In 27% of cases, it was a deep and distal position. The least frequent positions were deep and proximal (11%) and then superficial and distal (4%).

The mean length of the skin paddle was 33 mm (range: 26-40 mm) and its mean width was 21 mm (range: 15-30 mm). The mean surface area of the skin island was 703 mm 2 (range: 420-1080 mm 2 ). On average, the ratio of paddle length to finger length was 34% (range: 27-43%).

The arc of mobility of the flaps was consistent, allowing them to cover a homo-digital skin defect corresponding to the palmar skin functional units of the proximal and middle phalanges. For heterodigital skin defects, the flap was easily positioned at the dorsal cutaneous functional units of the proximal and middle phalanges, and then at the palmar cutaneous functional unit of the proximal phalanx. Relative to the pedicle's point of emergence, the flap could be positioned on the palmar surface of the adjacent commissure and on the dorsal surface of the hand in front of the heads and necks of the adjacent metacarpals (Fig. 4).

Discussion

Our anatomy study confirms the technical feasibility and reproducibility of the FBPPDA flap.

We found a neurovascular pedicle composed of the FBPPDA and DBPPDN to be consistently present.

Covering defects in the fingers and hand involves a number of processes including the use of local flaps [START_REF] Ono | Microsurgical flaps in repair and reconstruction of the hand[END_REF]. Various techniques exist, but the using an innervated flap is greatly beneficial to functional recovery, particularly on the palmar surface of the fingers [START_REF] Cheng | The dorsal homodigital island flap based on the dorsal branch of the digital artery : a review of 166 cases[END_REF].

The results of our study complement those of the anatomical work carried out in 1998 by Tellioglu et al [START_REF] Tellioglu | The dorsal branch of the digital nerve : an anatomic study and clinical applications[END_REF]. These authors had studied the anatomy of DBPPDN that emerges from the proximal third of the proximal phalanx. This nerve branch then trifurcated at the middle phalanx. Our dissection findings were similar in this area of DBPPDN emergence, but we provided additional data on the relationship of the DBPPDN to the FBPPDA. Indeed, there were four anatomical configurations of the nerve relative to the artery with the most common (58%) being the superficial and proximal position of DBPPDN. Thus, when dissecting this flap, the first step is to locate the DBPPDN in order to avoid any iatrogenic lesion of the DBPPDN, which could compromise the sensitive nature of the flap.

Local flaps are used very frequently, which requires extensive knowledge of the hand's vascularization. These local solutions must be considered before using more ambitious flaps, such as distant ones, or free ones.

Numerous studies have corroborated that FBPPDA is always present and symmetrically arranged on the ulnar and radial sides of the fingers [START_REF] Levame | Vascularisation artérielle des téguments de la face dorsale de la main et des doigts[END_REF][START_REF] Oberlin | Etude anatomique de la vascularisation du lambeau en drapeau[END_REF]. For Strauch and Moura [START_REF] Strauch | Arterial system of the fingers[END_REF], cutaneous vascularization on the dorsal surface of the proximal phalanx depends on two constant dorsal arterial branches originating from the proper palmar digital artery at the base of the proximal phalanx. Braga-Silva confirmed these anatomical data while describing the predictable and consistent character of their emergence at the proximal and middle phalanges relative to the PIP joint [START_REF] Braga-Silva | Anatomic basis of dorsal finger skin cover[END_REF]. Our results confirm the consistent presence of the FBPPDA, whose origin was on average 19 mm from the division of the common palmar digital artery and systematically upstream of the PIP joint. Its path was then oblique, to directly vascularize the dorsal digital surface.

In the ideal skin reconstruction scenario, one must preserve the specific mechanical characteristics of the palmar or dorsal skin and also the surface and limits of the cutaneous functional units. On the dorsal surface of the hand -the area where the flap is removed -the functional units are delimited by the skin folds in front of the interphalangeal joints. Some authors have suggested that these articular areas should be preserved, with the skin not being harvested at this level [START_REF] Merle | Chirurgie de la main: L'urgence (4e édition)[END_REF]. However, other authors such as Chen et al [START_REF] Chen | Reconstruction of a neurocutaneous defect of the proximal phalanx with a heterodigital arterialised nerve pedicle flap[END_REF] reported the clinical use of a flap whose proximo-distal limits included the entire functional unit of the middle phalanx as well as the extension fold of the PIP joint. In our study, we chose this flap design by including the articular skin surface, in order not to damage the vascular pedicle that travels in thin subcutaneous tissue in this region. There were few published clinical studies reporting the results of the FBPPDA flap. Zhao et al. and Feng et al. used this flap on 18 and 16 patients, respectively. The average size of the cutaneous defect to be covered was 25-31 mm in length and 19 mm in width [START_REF] Feng | A novel approach for reconstruction of finger neurocutaneous defect: A sensory reverse dorsal digital artery flap from the neighboring digit : Reverse dorsal digital artery flap[END_REF]. Our results therefore appear to be consistent with mean skin flap dimensions of 33 mm in length and 21 mm in width, making it feasible to cover defects of the same order of magnitude. According to the above authors, the main indication was heterodigital skin defects upstream of the PIP joint. Our anatomical findings suggest that its application can be extended to homo-and hetero-digital, dorsal and palmar skin defects located at the cutaneous functional units of the proximal and middle phalanges for the dorsal face and at the unit of the proximal phalanx for the palmar face.

Alternative solutions are proposed for dorsal and palmar digital skin defects. Some authors such as Kim et al. and Chen et al. suggest using a flap taken from the dorsolateral surface of a finger and vascularized by a clean palmar digital artery [START_REF] Xianyu | Reconstruction of finger-pulp defect with a homodigital laterodorsal fasciocutaneous flap distally based on the dorsal branches of the proper palmar digital artery[END_REF][START_REF] Lee | Innervated lateral middle phalangeal finger flap for a large pulp defect by bilateral neurorrhaphy[END_REF][START_REF] Kim | Innervated reverse digital artery island flap through bilateral neurorrhaphy using direct small branches of the proper digital nerve[END_REF][START_REF] Chen | Treatment of a combination of volar soft tissue and proper digital nerve defects using the dorsal digital nerve island flap[END_REF]. Littler et al. described a heterodigital island pulp flap. The major disadvantage of these flaps is the donor site morbidity due to the sacrifice of a main digital neurovascular pedicle [START_REF] Koch | Donor site morbidity in cross-finger flaps[END_REF].

The flap described by Littler et al [START_REF] Littler | The neurovascular pedicle method of digital transposition for reconstruction of the thumb[END_REF] also sacrifices the sensitive hemipulp of a healthy finger and there are problems with cortical reorientation of the transferred sensory territory [START_REF] Henderson | Long term follow up of neurovascular island flaps[END_REF]. The heterodigital "cross finger" type flaps taken from the dorsal surface of a finger provides a reliable and easily reproducible solution for repairing dorsal or palmar digital substance defect. However, it is preferable to use two fingers of the same length and this technique requires a second surgical weaning phase [START_REF] Koch | Donor site morbidity in cross-finger flaps[END_REF][START_REF] Cohen | An innervated cross-finger flap for fingertip reconstruction[END_REF]. Therefore, the FBPPDA flap has the advantage of not sacrificing any main digital neurovascular axis, thereby preserving the downstream hemipulp sensitivity. In addition, there is only one surgical step.

The main limitation of our study is that it was cadaver study that cannot be used to predict the clinical results, particularly in terms of functional recovery but also cortical integration of the flap during a heterodigital reconstruction. Similarly, we were not able to evaluate the behavior of the flap in terms of venous return, whose support was only the peripedicular fat tissue. Dissection must be performed step-by-step to best preserve this venous drainage environment.

Another limitation is the question of morbidity at the donor site. In current practice, this would be accessible to a skin graft. Sensory recovery of the dorsal face after skin grafting seems possible by contralateral nerve regrowth and its anastomoses. 

Conclusion

Based on our study, we believe the FBPPDA flap is a reliable solution for covering homoand hetero-digital skin defects on the dorsal and palmar surfaces of fingers except for the pulp. Given its arc of rotation, it also seems feasible to cover areas located on the palmar surface of the adjacent commissure and on the dorsal surface of the hand in front of the heads and necks of the adjacent metacarpals. Because of the constancy of its neurovascular pedicle, this flap could be developed reproducibly throughout our dissections, thus facilitating learning. The consistent presence of sensory innervation provides it with a real advantage, especially when covering palmar digital areas. Furthermore, we believe the preservation of the main digital neurovascular axis and the low donor site morbidity makes it a valid alternative to the other flaps that have previously been described. A prospective clinical study would the next step to validate our findings. 

Figure legends

  propre (ADPP) des doigts longs représente une solution de reconstruction pour les pertes de substance cutanée digitales. Il a l'avantage d'être sensible par la branche dorsale du nerf digital palmaire propre (NDPP) associée à l'artère. Afin de décrire les variations anatomiques du pédicule vasculo-nerveux et ses rapports, de préciser la technique de dissection du lambeau et d'évaluer ses potentielles indications, nous avions conduit une étude anatomique cadavérique portant sur huit membres supérieurs d'adultes frais non embaumés. Vingt-six doigts (6 index, 6 majeurs, 8 annulaires et 6 auriculaires) ont pu être disséqués après injection intra-artérielle de silicone. Systématiquement, nous avons trouvé un pédicule composé de la première branche dorsale de l'ADPP, et de la branche dorsale du NDPP. L'artère naissait en moyenne à 19 mm de la bifurcation de l'artère digitale palmaire commune. La disposition du nerf par rapport à l'artère était variable selon quatre variantes anatomiques dont la principale était une disposition superficielle et proximale (58%). Après son origine, le pédicule cheminait à la face superficielle de la dossière des interosseux selon un trajet oblique de proximal en distal et de palmaire en dorsal. Son trajet se terminait par sa pénétration dans la palette cutanée du lambeau juste en amont l'articulation interphalangienne proximale (IPP). La palette cutanée correspondait à l'unité cutanée fonctionnelle représentée par la face dorsale de la phalange moyenne et de l'IPP. Sa longueur moyenne était de 33 mm (26-40) et sa largeur moyenne de 21 mm (15-30). L'arc de mobilité permettait de répondre à la couverture de pertes de substance cutanée homodigitales et hétéro-digitales. Au vu de nos résultats, ce lambeau semble représenter une solution fiable et reproductible. Son caractère sensible et la taille de sa palette en font une alternative intéressante aux lambeaux conventionnels. Keywords: First dorsal branch of the proper palmar digital artery; Dorsal branch of the proper palmar digital nerve; Digital flap Mots-clés : Première branche dorsale de l'artère digitale palmaire propre ; Branche dorsale du nerf digital palmaire propre ; Lambeau digital

  Qin et al. and Wei et al. reported good functional recovery after dermal-epidermal grafting of the dorsal surface of the fingers with minimal aesthetic sequelae marked by a slight difference in pigmentation [24-25]. Feng et al. reported very transient cold intolerance and a slight decrease in flexion of the interphalangeal joints that may require a course of physiotherapy [17].

Fig. 1 .

 1 Fig. 1. Photograph showing, on the last three fingers, the outline of the skin paddle of the flap (asterisks) and the approach for dissecting the neurovascular pedicle (arrow).

Fig. 2 .

 2 Fig. 2. Photographs showing on the radial edge of a middle finger, the neurovascular pedicle of the flap composed of the first dorsal branch of the proper palmar digital artery proper (FBPPDA) and the dorsal branch of the proper palmar digital nerve (DBPPDN). Here, the nerve has a superficial and proximal position relative to the artery.

Fig. 3 .

 3 Fig. 3. Photographs showing on the radial edge of a middle finger, the vascular pedicle of the flap is composed of the first dorsal branch of the palmar digital artery proper (FDBPDA) and vascularizes the skin pallet. Note its division into multiple perforators at the proximal edge of the skin paddle.

Fig. 4 .

 4 Fig. 4. Photographs showing potential skin areas that can be reached by a pedicled flap on the first dorsal branch of the proper palmar digital artery (FDBPDA) of the radial edge of a third finger. The arc of rotation provides access to homo-digital areas of the palmar surface (A, B) and hetero-digital areas of the palmar (C, D) and dorsal (E, F) surfaces of adjacent long fingers, except for the pulp. The flap can be mobilized to areas on the palmar surface of the adjacent commissure (G) and on the dorsal surface of the hand facing the heads (H) and necks (I) of the adjacent metacarpals.
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