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Lower Limb Perforator Flaps : Current Concept

Following a long period dominated by random fasciocutaneous flaps or muscle flaps, solutions to cover the lower limb have been largely diversified by the advent of so-called "perforator" flaps.

Extended knowledge of vascular anatomy has propagated the development of this innovative procedure, in the objective of reducing morbidity. The existence of close to 400 perforator vessels in the body makes it possible to offer new flap perspectives for many defects, which were sometimes previously impossible to manage before except by free flap.

For us, perforator flaps have become the current first-line solutions for small to medium size loss of substances. Understanding of vascular physiology and surgical experience are essential in choosing indications, detecting perforators, and modeling flaps to be optimally positioned in the reconstructive decisional algorithm.

New skills are needed to master this type of reconstruction and limit failures, which implies a learning curve not only for flap design, perforator detection and surgical procedure, but also for monitoring and management of complications. In this manuscript, we will outline the concepts and principles of the majority of the pedicled perforator flaps available for coverage of the lower limb, based on experience of more than 400 perforating flaps suitable for this localization.

Introduction

Due to lack of local tissue, lower-extremity defects are a challenge for reconstructive surgeons. This anatomical feature and frequent bone exposure have prompted the majority of surgeons to consider free flaps as first-line treatment [START_REF] Chaput | Free-Flap Reconstruction: What Do Microsurgeons Prefer for Themselves?[END_REF]. Robust muscle flaps have gradually been replaced by perforator flaps, allowing restoration of "ad integrum" anatomy with lower donor site morbidity.

At the beginning of the 20 th century, the first works on cutaneous vascularization by Carl Manchot [START_REF] Manchot | The Cutaneous Arteries of the Human Body[END_REF] followed by the Frenchman Salmon (3) made it possible to lay the foundations for modern reconstructive surgery. With his major work on skin vascularization and pedicled flap survivability, Milton (4) and subsequently Taylor with his definition of the Angiosome (5), followed a few years later by the "Perforasome of St Cyr", marked out a new area of plastic surgery and modern reconstructive surgery [START_REF] Saint-Cyr | The perforasome theory: Vascular anatomy and clinical implications[END_REF]. A vessel comprising an artery and one or two veins perforates a septum, a muscle or runs under the skin in order to perfuse a cutaneous paddle on the skin surface ... and the concept of "perforating flaps" comes into being. Pioneers in the field such as Koshima showed that a large skin flap could survive without muscle, based on a single perforator [START_REF] Koshima | Inferior epigastric artery skin flaps without rectus abdominis muscle[END_REF].

There are nearly 400 perforator vessels in the human body, potentially allowing as many perforator flaps to be harvested. Wei and Mardini's concept of free-style free flaps perfectly illustrates these immense possibilities [START_REF] Mardini | Free-style free flaps[END_REF]. In the literature, numerous modern anatomical works have described a large panel of perforators of interest by defining statistical clusters where the perforators should preferably be located. We can consequently design a flap almost as desired according to local skin laxity. This type of flap does not sacrifice the source vessel, which is why a backup plan is always possible, either with a second perforator flap depending on the distance of the perforators and the axes of rotation, or a muscle flap [START_REF] Mardini | Free-style free flaps[END_REF].

1) Perforator flaps: principles, design and particularities on the lower limb

Pontén first described fasciocutaneous flaps for soft-tissue defects in the limbs in 1981 [START_REF] Pontén | The fasciocutaneous flap: Its use in soft tissue defects of the lower leg[END_REF]. The term "perforator-based flap" was utilized by Kroll and Rosenfield [START_REF] Kroll | Perforator-based flaps for low posterior midline defects[END_REF], and the "propeller flap" concept was proposed in 1991 by Hyakusoku et al. [START_REF] Hyakusoku | The propeller flap method[END_REF]. Pedicled-perforator flaps aim to replace like-with-like tissue, preserving nerves and muscles [START_REF] Geddes | Perforator flaps: evolution, classification, and applications[END_REF] and the main vascular trunks, and reducing operating and hospitalization times. The use of pedicled-perforator flaps also avoids micro-anastomosis, which is time-consuming and stressful for the surgeon. However, pedicled-perforator flaps are limited by a lack of surrounding tissue in the distal third of the lower leg, and the donor site is not always self-closing.

• The perforasome theory Arising from Taylor's works, description was provided by Saint-Cyr using anatomical works combined with 4D TDM analysis [START_REF] Saint-Cyr | The perforasome theory: Vascular anatomy and clinical implications[END_REF]; four-dimensional computed tomographic angiography is similar to threedimensional computed tomographic angiography, but with the added fourth element of time. The vascular territory of a single perforator corresponds to the definition of ''perforasome'' with the four principles espoused by Saint-Cyr.

First Principle: Each perforasome is linked with adjacent perforasomes by means of two main mechanisms that include both direct and indirect linking vessels.

Second Principle: Flap design and skin paddle orientation should be based on the direction of the linking vessels, which is axial in the extremities and perpendicular to the midline in the trunk.

Orientation of the linking vessels corresponds to the orientation of maximal blood flow, and flap axis should ideally be designed to respect this. Vascular axis follows the axiality of linking vessels.

Third Principle: Preferential filling of perforasomes occurs within perforators of the same source artery first, followed by perforators of adjacent source arteries.

Fourth Principle: Mass vascularity of a perforator found adjacent to an articulation is directed away from it, whereas perforators found at a midpoint between two articulations, or midpoint in the trunk, present multidirectional flow distribution.

• Freestyle flap concept

The terms of "freestyle free flaps" introduced by Wei and Mardini perfectly illustrates the great modularity enabled by the immense panel of perforators [START_REF] Mardini | Free-style free flaps[END_REF]. To perform a free flap, perforators must be of adequate size and the pedicle relatively long. On the other hand, for pedicled flaps, this requirement is less constraining. Indeed, even microscopic perforators, which did not permit the harvesting of a free flap, permit production of a pedicled perforator flap in the form of a capillary perforator flap [START_REF] Qassemyar | Super-microdissected local flaps for the coverage of temporal defects[END_REF][START_REF] Visconti | Free-style Capillary Perforator-Based Island Flaps for Reconstruction of Skin Cancer Defects of the Face, Body, and Extremities[END_REF]. In reality, when a given perforator is known and has been described in the literature, a flap considered to be "freestyle" becomes the described flap. In current practice, an operator can cover all losses of substances by mastering approximately fifty perforator vessels.

• Perforator flap mapping

Before thinking of producing a perforator flap, it is necessary to know how to locate the perforator vessels. Mapping of the perforators is an essential phase when we wish to select the perforator closest to the loss of substance and the one that seems to possess the best pulsatility. In practice, in most cases we use a portable acoustic handheld doppler. This device requires a learning curve to limit detection errors, especially in the limbs, where it is easy to confuse perforator and source vessel, which are quite superficial [START_REF] Chaput | Perforator detection with a handheld Doppler device: importance of the learning curve[END_REF][START_REF] Stekelenburg | The hand held Doppler device for the detection of perforators in reconstructive surgery: what you hear is not always what you get[END_REF]. While the margin of error for acoustic Doppler is far from negligible, it is substantially decreased by the operator's experience. The frequent use of acoustic hand-held Doppler enables one to more easily distinguish perforator vessels from those vessels located more deeply; the pulsatility and loudness of sound are pronouncedly different. The ''perforator compression test'' described by [START_REF] Mun | An efficient method to increase specificity of acoustic Doppler sonography for planning a perforator flap: perforator compression test[END_REF], helps to differentiate a perforator from a deep vessel [START_REF] Mun | An efficient method to increase specificity of acoustic Doppler sonography for planning a perforator flap: perforator compression test[END_REF]. The course of perforators is usually perpendicular to the skin surface, rendering them easily compressible and collapsible by an external force applied perpendicular to the surface of the skin. The loudness of the pulsating sound decreases with increasing pressure if the pulse originates from a perforator. Mun and Jeon reported 100% specificity in detection of perforators using their test. Since our having adopted it, we have considerably reduced the rate of perforator detection errors.

Frequently and especially on the lower limb, we associate color doppler sonography, which enables us to confirm not only the location of the perforator, but also its orientation, which can be slightly offset or oblique with respect to skin detection, particularly with the posterior tibial artery perforator flap (PTAP). Color Doppler sonography ensures precision and provides information on the axis of the perforators. Training in use of acoustic doppler can greatly improve an operator's detection performance operator and in most cases, it can function as a unique tool for preoperative diagnosis.

• Design and harvest

After having selected the perforator of interest, the evaluation of skin laxity is an essential means of limiting morbidity. Depending on the operator's experience, the flap can be harvested from the distality to the proximality until the perforator is found and skeletonized. The presence of the perforator can also be checked before flap dissection using a 3 cm lateral incision.

In the absence of the perforator or in the event of insufficient quality, which can be attributable to inadequate exploratory incision, error in doppler detection or inadvertent damage to perforators, we must move towards another strategy. While an exploratory incision must be wellthought-out, wide enough to warrant good exposure, it must never restrict a backup plan (second flap).

During perforator vessel dissection, all muscle and cutaneous branches from the source artery are ligated, which results in hyperperfusion of the selected perforator. Increased vascular pressures clinically dilate the perforator itself and allow extensive interperforator flow by means of opening and recruitment of additional linking vessels. For several hours the flap can become hyperhemic a factor requiring a period of rheological adaptation.

1) Random perforator flap

The definition of this type of flap resides in the existence of several hundred small-caliber perforators called "capillary perforators", which facilitate flap performance on the majority of the localizations of the body. However, this flap needs to be undermined or to retain a large skin base on deep vascularization. The advantages of these flaps consist in relative ease and speed of execution and vascular reliability. Their main drawback remains the low advancement achieved in comparison with translational perforating flaps.

• V-Y

The VY advancement flap was first described by Dieffenbach in 1845 [START_REF] Dieffenbach | FA Brockhaus, 1845 19) Behan FC. The keystone design perforator island flap in reconstructive surgery[END_REF]. A VY flap can be performed on most locations but its advancement is quite limited, especially in a cicatricial or post-radiation context. Indeed, patients with comorbidities or a history of radiotherapy are the ones who render the reliability of random advancement or rotation flaps quite uncertain. Preliminary identification of the perforators allows more thorough dissection and more substantial advancement of the VY flap (figure 1).

• Keystone flap

In 2003 Behan described the keystone flap (keystone design perforator flap; KDPF) for the coverage of PDS following a carcinologic excision (figure 2). While KDPF is a reliable flap, with an easy dissection technique, unfortunately it possesses a relatively low mobilization capacity and a significant scar ransom at the donor site (19, 20). Behan described four types of keystone flaps when a deep fascia incision is needed (types I and II), when there is a possibility of a direct closure or when a skin graft is necessary (types IIA and IIB), when a double keystone flap is used (type III) and when up to 50% of the flap needs be undermined subfascially (type IV).

When performing a keystone flap, non-preservation of a skin bridge may seem imprudent, but in reality Milton's saying that "an island is safer than a peninsula" takes on its full meaning (4). In fact, the complete isolation of the island based on its skin perforating vessels would lead to a local sympathic effect causing increased vasodilatation and optimized perfusion of the skin paddle.

Poorly adapted to large losses of substance, the keystone flap must be reserved for small and mediumsize defects (21-23) (figure 3,4). The operating mode of the keystone flap is multiple. Indeed, it combines an advancement mechanism, skin recruitment using two lateral V-Y and a stretch effect of the skin palette. The vascular reliability of this flap is very high, with its perforating vascularization coming from its depth. Finally, to a greater extent than its actual coverage potential, the unusual interest of the keystone lies in its capacity to distribute the tensions more widely than a simple suture [START_REF] Pelissier | The keystone design perforator island flap. Part I: anatomic study[END_REF].

• Pacman Flap

The advancement of VY flap is relatively limited, while distal tip necrosis is not uncommon and can lead to tissue loss or delayed healing. Pacman flap design is almost the same as that of a conventional V-Y flap, combining advancement and rotation. Introduced by Aoki and Hyakusoku, instead of cutting off the two triangular parts of the V flap, these portions are rotated and advanced to cover the center of the defect [START_REF] Aoki | Pacman flap method[END_REF]. Over several months, the central scar inside the flap gradually fades. The Pacman flap can be based on a subcutaneous random (vascular supply) flap or perforator-based to increase vascular reliability and mobility [START_REF] Bonomi | The Pacman Perforator-Based V-Y Advancement Flap for Reconstruction of Pressure Sores at Different Locations[END_REF]. This is also the case for conventional V-Y and Keystone flaps, which can include perforators identified by acoustic doppler (figure 5,6).

We believe that Pacman flap is a versatile procedure, particularly interesting for round defect with slightly better coverage capabilities than conventional V-Y.

2) Propeller Perforator Flap

The "propeller flap" concept emerged in 1991 thanks to Hyakusoku (11) (figure 7). In 2009, during the First Tokyo Meeting on perforator and propeller flaps, a nomenclature for defining the various perforator flaps was adopted [START_REF] Pignatti | The "Tokyo" consensus on propeller flaps[END_REF]. The Tokyo consensus defined a propeller flap as a perforator flap with a skin island made of two paddles, one larger and one smaller, separated by the nourishing perforating vessel that corresponds to the pivot point. The rotation arc must be at least 90°. A lower twist does not make sense, because the tensions on the suture would not benefit from the rotation (figure 8).

A complete anatomical classification of propeller flaps was proposed by Ayestaray et al. [START_REF] Ayestaray | Propeller flaps: classification and clinical applications[END_REF].

Despite widespread enthusiasm for the perforator-pedicled propeller flap (PPF) procedure over the last decade, in reality it remains a complex procedure that requires experience and monitoring comparable to that for free flaps. This technique has many advantages, including the "like-by-like" principle and lower donor site morbidity. In the lower limbs, propeller perforator flap (PPF) reliability depends on a number of intrinsic and extrinsic factors. It appears to entail a higher risk of flap failure in the lower limb than elsewhere [START_REF] Chaput | Propeller Perforator Flaps of Extremities Seem Less Reliable[END_REF]. In a 2016 meta-analysis we highlighted three major risk factors (age older than 60 years, diabetes, and arteriopathy), which should be considered systematically before performing this procedure [START_REF] Bekara | A Systematic Review and Meta-Analysis of Perforator-Pedicled Propeller Flaps in Lower Extremity Defects: Identification of Risk Factors for Complications[END_REF]. For smoking status, we found a tendency toward statistical significance. The harmful effects of cigarettes are now well-established.

The main complication is venous congestion, which can lead to distal necrosis (figure 9). The perforators are shorter and less sinuous, and less tolerate of twist than at the level of the trunk or upper limbs, which means that skeletonization to the source vessel must systematically be carried out.

The risk of congestion secondary to the twist is linked to the quality of the perforator dissection. During rotation, the twist imposed on the perforator is inversely proportional to the length of the pedicle. If it is not sufficiently dissected, the tourniquet may lead to arterial ischemia and above all, as it is a lowpressure system, to venous insufficiency. The perforator must consequently be dissected along its trans-and sub-fascial course, to avoid occlusion of vessels and kinking effect.

• What is the maximum skin paddle size to harvest on lower limb?

The maximum flap size that can be taken from a single perforator remains unknown. Knowledge of the literature and acquisition of experience have taught us that it is often preferable to limit the flaps to fewer than 20 cm from the perforator. This obviously depends on intrinsic factors such as vascular status, diabetes and tobacco. Indocyanine green may in the future become a procedure permitting to define the size of the palette useful in propellers, but since edema due to twist takes several hours to develop, its predictive role remains to be defined. When the flap needed is too large to obtain primary closure, and depending on the patient comorbidities, we would choose a free flap to obtain better donor-site outcomes.

• Does the Direction of Flap Rotation in Propeller Flaps matter? While carrying out the twist, we have realized that the rotation appears more physiological in one direction than in the other. There is no set rule, but Song's work has shown that in order to find the preferred direction, it is best to try both ways. In any event, there is likely to be better perfusion of the flap according to its rotation direction [START_REF] Song | Direction of Flap Rotation in Propeller Flaps: Does It Really Matter?[END_REF]. For Saint-Cyr, skin paddle orientation should be based on the direction of the linking vessels, which is axial in the extremities. This is a deduction from anatomical work because in clinical practice, there does not seem to be more flap necrosis depending on the axis.

It is true that harvesting a flap in the axis of the member often permits maximum laxity, thereby allowing a self-closing site. However, do not hesitate to re-center your flap in the direction that will limit morbidity, even when oblique on the lower limb [START_REF] Brunetti | Transversally oriented pedicled perforator flaps: A reliable alternative for lower leg reconstruction[END_REF].

• Rotation angle A 180° rotation is possible, and is often necessary for the lower limb while it is less frequent at the trunk. Beyond 90° the risk of venous congestion increases and dissection of the perforators must be more complete. For Brunetti, propeller flaps with reduced rotational angles represent a safe and versatile option to reconstruct soft tissue defects at different anatomical sites [START_REF] Brunetti | Pedicled perforatorbased flaps: Risk factor analysis, outcomes evaluation and decisional algorithm based on 130 consecutive reconstructions[END_REF]. Reducing the degree of rotation, in presence of correct pedicle dissection, may help the reconstructive surgeon to reduce vascular complication rates and optimize the outcomes of the procedure [START_REF] Brunetti | Propeller Flaps With Reduced Rotational Angles: Clinical Experience on 40 Consecutive Reconstructions Performed at Different Anatomical Sites[END_REF].

• Which dissection plan to prefer?

It is recognized that by improving vision of the muscle dissection plans, the sub-fascial plane allows for better vascularization and faster flap harvesting. This is true at the level of the limbs whereas on the trunk, in the majority of cases it is not necessary to go under-fascial (30).

• Is PPF defatting possible during an initial phase?

Considering the vascular fragility of a PPF during the first days, we do not recommend defatting at the same time as flap harvesting. Vascular consequences on the flap could be serious.

• Donor site management

Reducing the morbidity of the harvest also corresponds as far as possible to the objective of obtaining a self-closing donor site. This is obviously not always possible considering the poor skin laxity at the loco-regional level, especially in the lower limb. In our thinking, however, before choosing a coverage option, it is essential to palpate the surrounding tissue and perform pinch tests, in order to orient, for example, towards a free flap. The racquet-shaped flap design shows its value here (see below).

We also implement a "Progressive suture" procedure using Securex® 2/0, permitting the closure of donor sites in 2 to 3 days. Finally, it is preferable to avoid the closing in tension of a donor site, insofar as it alters the venous return of the limb and promotes congestion of the flaps.

3) Perforator plus flap

Especially in the lower extremities with retrograde flow, conventional fasciocutaneous flaps in plastic surgery are quite unreliable. They are essentially random pattern with limited mobility. Moreover, venous compromise is a common problem that frequently requires delayed procedure. Sharma has proposed the raising conventional fasciocutaneous flaps while including and retaining perforators to offset these drawbacks (figure 10). This concept offers a dual blood supply to the flap from the dissected perforator and the skin bridge [START_REF] Sharma | Perforator plus flap: Evolution of the concept and its place in plastic surgeons repertoire[END_REF][START_REF] Sharma | The perforator "plus" flap: a simple nomenclature for locoregional perforator-based flaps[END_REF].

For Milton, as mentioned with regard to keystone flaps, an island is safer than a peninsula. In our opinion, some of the blood perfusion coming from the perforator will leak through the skin bridge and decrease the distal perfusion of the flap. Moreover, especially for lower limbs, maintaining a skin bridge at the flap base significantly limits the possibilities of flap rotation. This type of procedure rather seems reserved to trunk defect.

4) Lower limb perforator flaps

• Medial Genicular Artery Perforator (MGAP)

The medial genicular artery flap was first described in 1990 by Hayashi and Maruyama to cover soft tissue defects around the knee, with satisfactory results [START_REF] Hayashi | The medial genicular artery flap[END_REF]. Their flap was nourished by the cutaneous perforator of the superior medial genicular artery arising in most cases from the PA. Zheng pointed out that a constant cutaneous perforator of the osteoarticular branch (OAB) of the descending genicular artery exists, with a mean caliber of 1.2 +/-0.4 mm (38), 4.0 +/-0.4 cm above the knee joint.

The distal half of the medial thigh has been proven to be an excellent donor-site region for coverage of the knee and upper leg soft tissue defects. The flap axis is marked along the lower half of the sartorius muscle following the line between the medial femoral condyle and the midpoint of the inguinal ligament. The pivot point is 4-5 cm above the level of the knee joint. A color doppler detection is recommended for more precise perforator mapping. Indeed, at times the OAB arises directly from the femoral artery.

For Zheng, the advantages of the DGA perforator-based propeller flap or MGAP flap include (1) the consistency of the perforator in the distal AMT fossa and the subsequent relatively easy planning and designing of the flap; (2) it is a simple, rapid, one-stage procedure requiring neither microsurgical anastomoses nor presurgical imaging mapping; (3) it is transferred with the "propeller" method based on an axial rotation around only one adequate perforator, without the sacrifice of any main vessel and with preservation of muscle function; (4) it provides tissue similar to that of the knee, leading to a better postoperative contour, and the flap is more pliable than the counterpart anterolateral thigh flap, rendering it even more desirable in difficult reconstructive knee defects; by incorporating the medial femoral cutaneous nerve that can be coapted at the recipient site after the inset, the flap can become sensate; (5) the donor site can be primarily closed in most cases, if the width of the flap does not exceed 9 cm. (figure 11).

The rotational arc of the flap is limited and cannot reach the lateral portion of the knee. The greater saphenous vein travels 2 cm posterior to the medial femoral epicondyle where it enters the thigh and runs upward in the medial aspect of the thigh. This vein should be preserved during the flap harvesting. This flap is a versatile alternative the reconstruction of defects around the knee, and the scar can be hidden. The MGAP flap is often difficult to achieve due to its anatomical variability and a back-up plan is mandatory (figure 12). We advise a delayed procedure when possible with an initial period of 48 hours before the twist to ensure reliability.

• Lateral Genicular Artery Perforator (LGAP)

Based on the superior lateral genicular artery, from the popliteal artery, a free or propeller flap can be harvested. The superior lateral genicular artery emerging 4 cm above the knee joint line, between the biceps femoris and the vastus lateralis, provides perforator vessels 5 cm lateral and 7 cm proximal from the superolateral patella in the region of the lateral intermuscular septum [START_REF] Hayashi | The lateral genicular artery flap[END_REF][START_REF] Nguyen | Lateral supragenicular pedicle perforator flap: clinical results and vascular anatomy[END_REF]. In the Masquelet technique, at 10 cm of the knee joint line, the emergence of the pedicle is located in the depression between the posterior edge of the maissiat band and the relief of the biceps femoris. It is easy to locate with the acoustic doppler. An elliptical skin paddle measuring up to 20 cm long by 7 to 8 cm wide can be harvested in order to be self-closing. The LGAP covers the anterior, lateral and proximal parts of the knee as well as the popliteal fossa. In addition, it covers the upper lateral side of the knee, which the lateral gastrocnemius cannot reach [START_REF] Elsahy | Cover of the exposed knee joint by the lateral head of the gastrocnemius[END_REF].

• Distally Based Anterolateral thigh flap

As for the free flap version, it is based on the descending branch of the lateral femoral circumflex artery (LFCA) located between the rectus femoris and the vastus lateralis. The descending branch is sectioned at the top and the flap harvested from proximal to distal. At the distal part of the vastus lateralis muscle, it anastomoses not only with the superior lateral genicular artery, but also with other branches of the periarticular vascular knee network. More precisely, the branches from the femoral artery that emerge from the anterior and posterior borders of the sartorius create several longitudinal vascular plexuses along the major axis of the sartorius at the medial lower aspect of the thigh.

While it allows satisfactory coverage of the knee, it is frequently congestive because of a retro [START_REF] Cadenelli | Proximally Based Anterolateral-Thigh (ALT) Flap for Knee Reconstruction: An Advancement Propeller Perforator Flap[END_REF][START_REF] Erba | Safe dissection of the distally based anterolateral thigh flap[END_REF][START_REF] Heo | Distally based anterolateral-thigh (ALT) flap with the aid of multidetector computed tomography[END_REF][START_REF] Gravvanis | Application of the pedicled anterolateral thigh flap to defects from the pelvis to the knee[END_REF] (figure 13). Moreover, the vascular network around the knee may have been damaged by previous surgeries. When possible, we recommend venous supercharging using a distal venous anastomosis on a saphenous vein (46) (figure 14). Consequently, it is necessary to systematically plan to keep a suitable length of proximal pedicle on the descending branch of the LFCA. We have obtained excellent results with this flap. You must keep a pivot point at least 10 to 12 cm above the patella so as to maintain good reliability, because at that level, the terminal arborization of the vessels weakens the dissection.

If necessary, this flap can be taken as a chimeric flap with tendon (fascia lata) or a muscle segment of the lateral vastus muscle for the purposes of filling or functional repair.

• Medial and Lateral Sural Artery Perforator flap (MSAP and LSAP)

Soft-tissue defects in the lower leg and around the knee joint can be acute or chronic and may result from different etiologies, such as trauma, infections, radiotherapy, tumor excision, or surgical wound dehiscence. The gastrocnemius muscle flap is still considered by many surgeons as the regional "workhorse" for reconstruction of the upper third of the lower leg and patellar defects [START_REF] Rao | Soft tissue reconstruction and flap coverage for revision total knee arthroplasty[END_REF][START_REF] Mayoly | Gastrocnemius myocutaneous flaps for knee joint coverage[END_REF][START_REF] Corten | Gastrocnemius flap reconstruction of soft-tissue defects following infected total knee replacement[END_REF].

However, sacrifice of the hemilateral head of the gastrocnemius muscle, need for a skin graft, and morbidity of the donor site constitute major drawbacks. The MSAP flap was introduced by Cavadas The medial sural artery originates from the popliteal vessels. The vascular pedicle enters the medial gastrocnemius muscle and gives off two branches in the proximal part of the muscle, one medial and the other one lateral. The arterial diameter of the vascular pedicle is 1 to 2 mm with two venae comitantes. The hip joint is flexed in supine position and the knee joint is flexed into a 90-degree angle to allow access to the medial calf. Pinched test is performed to assess if the donor site could be primarily closed. Landmarks for flap design are a line drawn from the midpoint of the popliteal crease to the midpoint of the medial malleolus. The first perforator is approximately 8 cm from the midpoint of the popliteal crease, and the second perforator is approximately 12 to 15 cm from the popliteal crease (figure 15). Preoperatively, an acoustic handheld Doppler is used to detect the emerging points of the perforators over the medial gastrocnemius muscle. All perforators are musculocutaneous and intramuscular dissection is always necessary, and we suggest using loupe magnification. A piece of medial gastrocnemius muscle can be included during flap harvesting to fill a defect.

The procedure gets underway by harvesting the flap, with an incision of its distal part through the skin and subcutaneous tissue, from distal to proximal. Next, dissection is conducted in a suprafascial plane, and perforator vessels emerging from the gastrocnemius muscle are identified. Two perforators can be included to increase flap perfusion [START_REF] Luca-Pozner | Medial Sural Artery Perforator Flap for Leg and Knee Coverage: Extended Skin Paddle With 2 Perforators[END_REF]. The flap donor site is always sutured before tailoring the flap to facilitate tension-free closure. Finally, the flap is rotated to the recipient site (figure 16). Sutures are performed with loose stitches to avoid any constriction of the flap. The major problem of the MSAP is the impossibility of performing a medial gastrocnemius flap in case of failure of the MSAP because the medial sural artery is no longer available.

It is also possible to produce a medial gastrocnemius flap with a skin paddle that is elevated on a perforator of the medial sural artery and then rotated according to the propeller flap principles [START_REF] Hallock | Chimeric gastrocnemius muscle and sural artery perforator local flap[END_REF][START_REF] Innocenti | Gastrocnaemius-propeller extended miocutanous flap: A new chimaeric flap for soft tissue reconstruction of the knee[END_REF][START_REF] Han | Muscle-chimaeric medial sural artery perforator flap: A new design for complex threedimensional knee defect[END_REF][START_REF] Sano | The perforator-based conjoint (chimeric) medial sural (medial gastrocnemius) free flap[END_REF]. This procedure permits a double axis for flap rotation and better flexibility in flap modelization on the defect [START_REF] Mohan | The Concepts of Propeller, Perforator, Keystone, and Other Local Flaps and Their Role in the Evolution of Reconstruction[END_REF].

Some authors have proposed a distally-based version of the MSAP. This retrograde Flow MSAP has

been much less frequently studied, with lower reliability in the literature [START_REF] Tee | The medial sural artery perforator pedicled propeller flap for coverage of middle-third leg defects[END_REF].

Based on the lateral sural artery, the LSAP flap is much less widespread [START_REF] Li | Lateral sural cutaneous artery island flap in the treatment of soft tissue defects at the knee[END_REF][START_REF] He | Reconstruction of Moderate-Sized Hand Defects Using a Superficial Lateral Sural Artery Perforator Flap[END_REF]. The perforating vessels are of lower caliber than the MSAP and the difficulty and fragility of this flap render it a very rare procedure.

• Posterior Tibial Artery Perforator flap (PTAP)

This is the most commonly used propeller perforator flap on the lower limb (figure 17). However, its production requires extensive experience, insofar as the skeletonization of the perforator must be complete, up to the source vessel so as to enable a twist without congestion [START_REF] Bekara | A Systematic Review and Meta-Analysis of Perforator-Pedicled Propeller Flaps in Lower Extremity Defects: Identification of Risk Factors for Complications[END_REF][START_REF] Gir | Pedicled-perforator (propeller) flaps in lower extremity defects: a systematic review[END_REF][START_REF] Hifny | Propeller perforator flaps for coverage of soft tissue defects in the middle and distal lower extremities[END_REF][START_REF] Vaienti | Posterior tibial artery perforator flaps for coverage of Achilles region defects[END_REF][START_REF] Schaverien | Lower limb reconstruction using the islanded posterior tibial artery perforator flap[END_REF][START_REF] Bekara | Free versus perforatorpedicled propeller flaps in lower extremity reconstruction: What is the safest coverage? A metaanalysis[END_REF]. There are three perforator clusters, which are able to cover almost all lower limb locations (proximal, median and distal). While detection is carried out with acoustic doppler, the perforator is sometimes oblique or offset, which can cause complete failure during the flap harvesting; that is why a confirmation with color doppler can be useful. Maximum of laxity is in the axis of the limb. The flaps can measure up to 16-18 cm, or even 20-24 cm in case of venous supercharging [START_REF] Chaput | Comparison of propeller perforator flap and venous supercharged propeller perforator flap in reconstruction of lower limb soft tissue defect: A prospective study[END_REF][START_REF] Herlin | Venous Supercharging Reduces Complications and Improves Outcomes of Distally Based Sural Flaps[END_REF]. It is particularly useful for covering of the distal third of the leg, the instep, the Achilles tendon or the malleoli (figure 18). For trained teams, the failure rate is similar to free flap failure. Retention of the long saphenous vein renders it possible to supercharge the flap, using a superficial vein after the twist if necessary. The sutures of the flap are systematically sewn with loose stitches and without any constriction or tension.

• Anterior Tibial Artery Perforator flap (ATAP)

Propeller flaps based on ATAP are harvested on the anterior tibial artery. Two clusters of perforators are available. A proximal cluster allowing cover of the proximal third of the leg and the distal part of the knee, and a distal cluster is used for the ankle [START_REF] Lin | Modified Anterior Tibial Artery Perforator-Pedicled Propeller Flap for Soft-Tissue Coverage of the Ankle and Heel[END_REF][START_REF] Rad | The anterior tibialis artery perforator (ATAP) flap for traumatic knee and patella defects: clinical cases and anatomic study[END_REF]. The donor site is never self-closing and requires a skin graft. This flap is less widely used than PTAP or FAP.

• Fibular Artery Perforator (FAP) flap or peroneal artery perforator flap

As for the PTAP, there are 3 clusters of perforators. Fibular perforator vessels are conserved by many authors in the neurocutaneous sural flaps to increase reliability (71-74) (figure 19). The perforators are mainly musculocutaneous for the two proximal clusters and septocutaneous distally (figure 20).

Dissection is easily done with a block under the buttock. Raising the flap requires staying behind the fibula and dissecting the perforator to the fibular vessels, especially the very short distal perforator. Lateral skin laxity does not always permit self-closing. Retention of the small saphenous vein renders it possible to supercharge the flap if necessary. The Lateral Retromalleolar Artery Perforator (LRMAP) is actually a fibular perforator, of small caliber, at times difficult to locate (75-76).

• Anterograde Fibular Artery Perforator

After having selected a fibular perforator vessel, it is possible to sample the entire fibular pedicle and to produce an axial perforating flap [START_REF] Ruan | The extended peroneal artery perforator flap for lower extremity reconstruction[END_REF][START_REF] Lu | Versatility of the pedicled peroneal artery perforator flaps for soft-tissue coverage of the lower leg and foot defects[END_REF][START_REF] Alshomer | Pedicled Peroneal Artery Perforator Flap for Knee Defect Reconstruction: Case Presentation and Literature Discussion[END_REF][START_REF] Angrigiani | Antegrade Peroneal Flap through the Interosseous Membrane for Knee and Distal Femur Coverage[END_REF] (figure 21). One of the major axes of the lower limb is nonetheless sacrificed, which is why it is preferable to carry out this procedure after a CT scan or color doppler to ensure at least two permeable vascular axes. For this reason, we prefer to reserve this procedure for patients in whom it is not possible to perform a free flap.

The surgery is performed either in lateral decubitus, or with a block under the buttock. After selecting the perforator of interest, the fibular pedicle is exposed through the flexor hallucis longus muscle, sectioned distally and dissected proximally to its origin at the tibio-peroneal trunk. A skin paddle can be taken from one or two perforators, large if necessary (25 to 30 cm long). In most cases, the donor site will have to be grafted. This flap can cover the middle and proximal third of the leg. In order to cover the knee, it is necessary to increase the flap's arc of rotation, using either an osteotomy at the upper part of the fibula of 3 cm (which is our preference), or else, as described by Angrigiani, by flap tunnelization through the interosseous membrane. As the space being very reduced, we find this procedure risky and morbid.

In the same spirit as the radial forearm flap, this flap is a very reliable and versatile flap that can be of great service in a back-up plan or when microsurgery is not possible, for example in a humanitarian context [START_REF] Falinower | Is there a place for pedicled perforator flaps in humanitarian plastic surgery?[END_REF].

It is possible to make it a retro to cover the foot. However, in the event of a distal fracture, vascular communications between the three axes can be damaged, and the flap is no longer realizable. It is therefore a risk to take, especially since tomodensitometry does not always confirm the permeability of distal vascular connections.

5) Delayed procedure

Even though perforasome theory has changed our understanding of perforator flaps, nonetheless, a perforasome is purely arterial, which corresponds to the area perfused by an arterial perforator in anatomic study [START_REF] Chaput | Delayed procedure in propeller perforator flap: Defining the venous perforasome[END_REF]. For many perforator flaps, especially propeller perforator flaps, skin necrosis develops when there are problems with venous drainage, leading to partial distal necrosis. The perforasome theory is not suitable for definition of "venous perforasome". In fact, venous perforasome is a dynamic process that takes several hours to develop and cannot be analyzed anatomically. The delayed procedure facilitates definition of the venous perforasome of a perforator flap. This concept should be of interest when it is necessary to perform a propeller perforator flap in patients with comorbidities.

The venous perforasome represents the skin surface drained by the veins (one or two comittantes) associated with a perforating artery. This territory is not quantifiable in an anatomical study because it is a dynamic phenomenon that requires 48~72 hours. Indeed, we have noticed that clinically, the skin in perforator flaps shows signs of venous drainage deterioration up until 48~72 hours, and subsequently remains stable. In comparison, in axial flaps, especially muscle-cutaneous flaps, the changes can evolve over 5-7 days.

The venous perforasome is not reproducible and varies individually according to the patient, his or her comorbidities, and the hemodynamic adaptability of vessels inside the flap (dilation, congestion and tolerance of venous ischemia) [START_REF] Bektas | Comparing the effects of pedicle torsion on axial or perforator flaps; improving the perforator flap resistance to pedicle torsion with delay phenomenon[END_REF]. By delaying the propeller perforator flap procedure, we believe we can clinically implement this important concept.

In perforator flaps, unlike neurocutaneous sural or transverse rectus abdominis flaps for which delayed procedures have been frequently proposed, our aim is not actually to extend the area of viable flap, inasmuch as all choke vessels cannot be opened within 48~72-h [START_REF] Ozgentaş | Study of the delay phenomenon in the rat TRAM flap model[END_REF]. Indeed, Restifo et al. found that flap circulation did not increase within 7 days [START_REF] Restifo | Surgical delay in TRAM flap breast reconstruction: a comparison of 7-and 14-day delay periods[END_REF]. Nevertheless, within this 48~72-h period, the venous perforasome becomes perfectly circumscribed and stable.

In a rat study, Bektas et al. showed that delaying the procedure for 7 days did not increase the viable surface area of a perforating flap [START_REF] Bektas | Comparing the effects of pedicle torsion on axial or perforator flaps; improving the perforator flap resistance to pedicle torsion with delay phenomenon[END_REF]. Consequently, the theory of Morris and Taylor, "the viability of flap increases through choke vessel dilation", seems more suited to axial flaps than to perforator flaps [START_REF] Morris | The time sequence of the delay phenomenon: when is a surgical delay effective? An experimental study[END_REF][START_REF] Taylor | True and 'choke' anastomoses between perforator angiosomes: part I anatomical location[END_REF][START_REF] Chubb | True and 'choke' anastomoses between perforator angiosomes: part II. Dynamic thermographic identification[END_REF]. Although Bektas et al. and Heineman and Wei observed a slight increase in vascularity with microangiography and Doppler ultrasound with surgical delay, the area of surviving flap did not differ significantly in their studies [START_REF] Bektas | Comparing the effects of pedicle torsion on axial or perforator flaps; improving the perforator flap resistance to pedicle torsion with delay phenomenon[END_REF][START_REF] Morris | The time sequence of the delay phenomenon: when is a surgical delay effective? An experimental study[END_REF].

After 48~72 h, the affected area of skin is better defined, and it can be removed before performing the twist. In practice, the delay should not exceed 72 hours because after this period, massive edema and local inflammation impede the ability to perform the twist (figure 22). A 180° twist is quite impossible and it is sometimes necessary to perform the twist in two or three times.

The area to be covered is debrided only in the second procedure, which prevents tissue removal in cases of flap necrosis. We also recommend that any purplish area in the distal flap not be retained in the hope it will evolve positively after the twist; necrosis is inevitable, and it could result in coverage failure. This should be of interest when it is necessary to perform a propeller perforator flap in patients with comorbidities. In these difficult cases in our series, delaying the flap twisting for 48-fragile patients, especially in locations where complications are frequent as is the case for the lower limbs, where twists range from 90° to 120°.

6) Venous Supercharging

In the lower limbs, PPF reliability remains uncertain and complication rates are relatively high [START_REF] Bekara | A Systematic Review and Meta-Analysis of Perforator-Pedicled Propeller Flaps in Lower Extremity Defects: Identification of Risk Factors for Complications[END_REF][START_REF] Bekara | Free versus perforatorpedicled propeller flaps in lower extremity reconstruction: What is the safest coverage? A metaanalysis[END_REF]. The main complication is venous congestion, which frequently leads to distal venous necrosis and at times to coverage failure [START_REF] Bekara | Free versus perforatorpedicled propeller flaps in lower extremity reconstruction: What is the safest coverage? A metaanalysis[END_REF]. Increasing numbers of reconstructive surgeons consider that PPF failure rates, especially concerning the lower leg, are too high, and they consequently prefer to return to free flaps, for which failure rates are frequently<5% in the hands of trained surgical teams [START_REF] Bekara | A Systematic Review and Meta-Analysis of Perforator-Pedicled Propeller Flaps in Lower Extremity Defects: Identification of Risk Factors for Complications[END_REF][START_REF] Wettstein | Review of 197 consecutive free flap reconstructions in the lower extremity[END_REF]. This problem, which is found in many pedicle flaps, can be limited by performing a venous anastomosis at the distal part of the flap. While this procedure renders it more difficult to perform flap dissection and adds a microsurgical procedure to the intervention, it could nevertheless substantially limit the complications associated with PPF in lower limb coverage. Venous supercharging can reduce the period of initial congestion, which may be highly worrisome soon after surgery and is associated with rheology adaptation within the first 48 hours inside the flap, especially at lower limb.

The concept of venous supercharging of pedicle flap is not recent and has been reported by several authors using the TRAM flap (turbo and supercharge) (89), the sural neurocutaneous flap [START_REF] Fujiwara | Delayed distally based sural flap with temporary venous supercharging[END_REF][START_REF] Tan | Supercharged reverse-flow sural flap: a new modification increasing the reliability of the flap[END_REF], and the distally based ALT flap [START_REF] Lin | The distally based, venous supercharged anterolateral thigh flap[END_REF][START_REF] Komorowska-Timek | Supercharged reverse pedicle anterolateral thigh flap in reconstruction of a massive defect: A case report[END_REF]. We have likewise found reports on venous supercharging procedure for free flaps, such as the DIEP flap, leading to decreased complications and failure [START_REF] Riot | A Systematic Review and Meta-Analysis of Double Venous Anastomosis in Free Flaps[END_REF][START_REF] Boutros | Double venous system drainage in deep inferior epigastric perforator flap breast reconstruction: a single-surgeon experience[END_REF]. However, PPF of the lower limb has been less extensively studied, with only one case reported by Horta et al. on an open tibia fracture [START_REF] Horta | Perforatorbased propeller flap with venous axial supercharging for reconstruction of a leg defect[END_REF]. D'Arpa et al., in their series of 85 patients, performed venous anastomoses on two forearm propeller perforator flaps when they were complicated by venous congestion soon after surgery [START_REF] D'arpa | Freestyle pedicled perforator flaps: safety, prevention of complications, and management based on 85 consecutive cases[END_REF]. This is a satisfactory solution but also a fairly complex procedure, because provision must be made in a systematic manner to keep a vein positioned distally to the flap in anticipation of potential venous congestion, and this is not always feasible, especially in upper limb.

Recently, we described a standardized venous supercharging procedure for PPF (vsPPF) using the saphenous veins (67) (figure [START_REF] Potet | Closure of radial forearm free flap donor site: A comparative study between keystone flap and skin graft[END_REF][START_REF] Pelissier | The keystone design perforator island flap. Part I: anatomic study[END_REF]. With this procedure, wenot only significantly reduced our rate of complications with PPF, but also reduced length of hospital stay and use of other surgical procedures. Indeed, the average hospital stay was significantly shorter with vsPPF (p=0.007), which was mainly because due to the low percentage of complications or secondary procedures needed in case of coverage failure, thereby enabling shorter stays in hospital, with subsequent recovery at home or in a rehabilitation center (figure 25). This has increased cost-effectiveness and improved health care. However, our operative time was significantly increased, as was the difficulty with the surgical technique occasioned by use of the microsurgical procedure.

When harvesting conventional propeller-perforator flaps, the skin paddle must generally be elliptical, as racquet-shaped flaps seem more susceptible to venous congestion. We have evidence showing that racquet-shaped flaps pose fewer problems in cases of vsPPF, where most venous return goes through the venous distal anastomosis of the flap, whereas, in classical PPF, venous return is achieved through a reduced skin stem, thereby favoring venous congestion. Indeed, the majority of classic PPF procedures that we have performed with a racquet-shaped design have encountered major complications. Direct closure of the donor site was possible more frequently for vsPPF than PPF. This was made possible through two mechanisms. Firstly, by the racquet-shaped design and secondly because we produced significantly longer flaps and consequently, the distal part of the skin paddle could be placed in the proximal third or medial third of the leg, offering greater laxity than the distal portion of the leg. Nonetheless, we are not able to provide guidelines on how large the flap can be as this will depend on a number of intrinsic and extrinsic factors, which differ for each person.

For vsPPF, we consider that two different donor sites are required, first the flap donor site and secondly the recipient vein-donor site. Concerning the latter, it is sometimes necessary to make several small incisions to find a valid vein. In our experience, acoustic Doppler greatly aided this detection, but sometimes the veins were too small or too short, and another vein needed to be found. We must therefore remain cautious and have a clinical preoperative plan (anatomical location of the veins or visual identification) and rigorous doppler detection to limit unnecessary scars.

For PTAP and FAP, a saphenous vein is constant and can be removed without any adverse repercussions. As explained by Lin et al., the act of taking a saphenous vein has absolutely no consequence, it is a superficial system and the deep-vein network will take over [START_REF] Lin | The distally based, venous supercharged anterolateral thigh flap[END_REF]. There is no impact because saphenous veins contribute <10% to venous-leg return.

The direction of blood flow in the recipient's vein (antegrade flow or retrograde) has never been considered as a problem. In fact, we have used veins conducive to obtaining maximum usable length; with this in mind, venous anastomosis is carried out in either an antegrade or a retrograde direction (opposite the physiological flow). It seems that when pressure progressively increases in the flap, drainage in the distal veins takes place, whatever the initial direction of flow [START_REF] Riot | A Systematic Review and Meta-Analysis of Double Venous Anastomosis in Free Flaps[END_REF][START_REF] Chaput | Comparison of Single and Double Venous Anastomoses in Head and Neck Oncologic Reconstruction Using Free Flaps: A Meta-Analysis[END_REF].

To conclude, distal venous drainage enabled us to secure PPF reconstructions. For small-and mediumsized defects of the lower limbs, vsPPF became a valuable procedure in our decision-making algorithm.

7) Puzzle flap concept

Still aiming at less morbidity, in 2012 Feng described the possibility of making a perforator flap in a previous flap [START_REF] Feng | Free-style puzzle flap: the concept of recycling a perforator flap[END_REF]100). As an example, this procedure could make perfect sense in pressure ulcer surgery, where it is essential to be economical. However, complete remobilization of an old flap, especially a muscle flap, rarely yields good results in terms of coverage. On the other hand, in the freestyle puzzle flap technique, the perforators are completely dissected up to the source vessel and permit, if necessary, either substantial advancement or propeller mobilization (101). We can consequently harvest a perforator flap from an old musculo-cutaneous or fascio-cutaneous flap. It is necessary to make a doppler or ultrasound location to confirm the feasibility of the flap. Dissection time can be long and complex due to fibrosis or inflammation, which is why the puzzle flap procedure requires experience in perforating flaps (figure 26). During the first 48 hours, post-operative monitoring should be as close as is the case for conventional perforator flaps.

8) Monitoring and management of complications: stitches removing, detwist, leeches

During the first 48 hours, pedicled perforator flaps have a relatively precarious vascular supply, especially on the venous side. We therefore recommend close clinical monitoring, every 2 hours for the first 24-48 hours with propeller flaps, and every 4 hours with the other perforators, which less subject to venous congestion (102).

Several methods are available to us in case of venous congestion.

Flaps with cutaneous skin island present accelerated capillary refill (< 2 seconds), and within a few hours, dark pink coloration becomes purpuric purple. The first thing to do is to drop an overly tight bandage, or a splint that would be compressive. If the congestion is progressive, during the early hours after surgery, often during the first night, a PPF can become edematous and swell, and in our practice, we frequently proceed to early removal of stitches (103), which can be constrictive and hinder venous return.

If the congestion does not improve, and slowly degrades, we often use leeches (104). Partial venous obstruction can be physiologically offset by neovascularization over a period of 4 to 10 days.

In clinical practice, with use of one leech every 2 hours, average blood loss will approximate 1 g.dl -1 / If venous congestion deteriorates quickly, a detwist is the best solution, given that when venous return is massively altered, total obstruction by lumen collapse or venous thrombosis leads in 4 to 6 hours to severe microcirculatory lesions and in 8 to 12 hours to irreversible microcirculatory lesions culminating first in the "no reflow phenomenon" inside the flap, and subsequently in tissular necrosis. So, when congestion affects the flap overall, as may be the case with PPF of which the vein has been completely collapsed by the twist, surgical revision remains the only solution, and it must be aimed at decompressing or "untwisting" the perforator vessels by returning the flap to its initial position. Within 48 hours, the decongested flap will have returned to an appropriate position.

Moreover,the detwist is the one and only solution for arterial ischemia secondary to flap rotation.

Similarly, 48 hours later the flap can be retwisted due to vessel dilatation and rheologic adaptation (figure 27).

Immobilization with the leg raised for a couple of days is of paramount importance. After the 5 th day, a garment is possible without risk of reducing local edema.

Conclusion

It would no longer be possible for us today to do without perforator flaps, especially in the lower limb, as the surgical progress they represent is immense. They have replaced fasciocutaneous random flaps and muscle flaps in almost all indications. Likewise, they frequently limit the use of free flaps. However, it should be remembered that these are complex surgical procedures and that they require close initial monitoring. A second perforator can be found at approximately 12 cm from the middle of the popliteal crease. 
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 50 and byHallock in 2001 (51), along with description of the anatomical basis of the perforators from the medial sural artery. The MSAP flap is muscle-sparing, thereby decreasing the functional morbidity associated with myocutaneous flap harvest. This factor particularly favors its use especially in young people or sportsmen, improving the postoperative functional outcome. Furthermore,Economides et al. found no significant difference between pedicled muscle flaps and fasciocutaneous flaps for knee coverage, with comparable rates of limb and implant salvage and similar rates of complication and persistent infection[START_REF] Economides | Systematic review and comparative metaanalysis of outcomes following pedicled muscle versus fasciocutaneous flap coverage for complex periprosthetic wounds in patients with total knee arthroplasty[END_REF].

Figure 1 :

 1 Figure 1: Secondary exposure of an osteosynthesis plate on the external malleolus. We therefore harvested a VY advancement flap based on two previously identified perforators. The posterior area was left in healing. Two months later the flap was perfectly healed.

Figure 2 :

 2 Figure 2: Design of the keystone perforator island flap as described by Felix C. Behan. The trapezoidalshaped flap is contoured along the side of the excisional defect with a 90° angle. We perform a blunt dissection mobilization around the limits of the flap but without undermining beneath the flap, the objective being to preserve the integrity of the perforators while retaining all lateral venous and neural structures depending on the defect size. The deep fascia is divided if necessary along the outer

Figure 3 :

 3 Figure 3: A 19-year-old boy with a Gustilo II open fracture of the leg. Defect after debridement was 3.9 x 5.6 cm.Direct closure was not achievable. We performed a keystone flap (type I) and immobilization of the fracture with an external fixator.

Figure 4 :

 4 Figure 4: At 6 months, the healing is perfectly achieved. The sensitivity of the flap is the same as the peripheral skin.

Figure 5 :

 5 Figure 5: Sarcoma resection in a 45-year-old man located on tibial crest. We performed a perforatorbased keystone flap to allow better flap mobilization. The healing was effective after radiotherapy.

Figure 6 :

 6 Figure 6: Melanoma excision (6.3 x 5.9 cm) in a 93-year-old patient. In this case, multidisciplinary staff decided to use a one-stage procedure. We performed a perforator-based Pacman flap. Two perforators originating from the radial collateral artery were identified by acoustic doppler. Note the whitish appearance at the lower jaw of the flap a few minutes postoperatively (lower left). Appearance of the flap 15 days postoperatively with good integration of the flap.
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 78 Figure 7: Propeller flap with counterclockwise or clockwise rotation

Figure 9 :

 9 Figure 9: Example of flap venous congestion of the distal third. This type of congestion leads to distal necrosis and coverage failure.

Figure 10 :

 10 Figure 10: Large tibial exposure in a 40-year-old man following car accident. As he had only one vascular axis after bypass surgery, a free flap was too risky. We opted for a cross-leg flap harvested as a perforator plus flap. The PTAP was located by handheld doppler and we harvested the flap respecting the perforator. Results of the reconstruction at 6 months.

Figure 11 :

 11 Figure 11: Two cases of MGAP flap for knee skin resurfacing before prosthesis. The patient on the left benefited from a delayed procedure to secure the flap.

Figure 12 :

 12 Figure12: Following hematoma, the MGAP performed to cover prosthesis exposure presented distal necrosis. We performed a medial gastrocnemius muscle flap for rescue purposes. The result at 3 months was satisfactory.

Figure 13 :

 13 Figure 13: Distally based anterolateral thigh flap performed to cover a sarcoma resection. After an initial phase of venous congestion, the flap healed correctly.

Figure 14 :

 14 Figure 14: Distally based anterolateral thigh flap harvested to cover an open fracture of the patella. To limit venous congestion we performed a distal venous anastomosis on the great saphenous vein. At 4 months, the patient walks without limitation. Flap defatting is now possible.

Figure 15 :

 15 Figure 15: Schematic drawing of the MSAP flap. A first perforator can be located at about 8 cm from the midpoint of the popliteal crease, close to a line between the latter point and the medial malleolus.

Figure 16 :

 16 Figure 16: Chronic osteitis of the tibial crest in a 39-year-old man following two weeks of negative pressure wound therapy. We harvested a dual perforator MSAP flap. Results of the reconstruction at two months.

Figure 17 :

 17 Figure 17: Different perforator-pedicled propeller flaps in lower limb. MSAP: Medial Sural Artery Perforator, FAP: Fibular Artery Perforator, PTAP: Posterior Tibial Artery Perforator, ATAP: Anterior Tibial Artery Perforator, LRMAP: Lateral Retromalleolar Artery Perforator (or distal FAP).

Figure 18 :

 18 Figure 18: PTAP propeller flap used to cover skin necrosis following Achilles tendon repair surgery.

Figure 19 :

 19 Figure 19: Hybrid sural flap based on the FAP and completely islanded. No congestion occurred. Result at 6 months.

Figure 20 :

 20 Figure 20: Propeller FAP flap with racquet-shaped design for internal malleolar coverage. (Right) initial result at 8 days. In young people, the reliability of this flap is very satisfactory, allowing large skin paddle harvesting.

Figure 21 :

 21 Figure 21: We harvested an axial fibular perforator flap in a 67-year-old man to manage knee arthrodesis exposure. Two perforators were detected and the fibular pedicle was sectioned distally to allow complete flap elevation. This patient was frail and we preferred to avoid a free flap considering

Figure 22 :

 22 Figure 22: (Upper left) Tibial posterior propeller perforator flap harvested to cover a tibial bone exposition in a 38-year-old man, two years after a major limb injury. (Upper right) At 48 hours, the distal part of the flap showed venous congestion defining the venous perforasome. (Lower left) At 72 hours the part of the flap showing the venous problem was sectioned and the flap was twisted by 90°.(Lower right) At 3 months, the healing was complete.

Figure 23 :

 23 Figure 23: Schematization of a racquet-shaped PTAP flap with venous supercharging. The flap is harvested with subfascial dissection to preserve the great saphenous vein centered on the axis of the skin paddle. After the twist, a microsurgical anastomosis is performed on a branch of the saphenous vein (great or short), or any superficial vein. The larger part of the skin paddle is designed on the proximal third of the leg, thereby offering greater laxity to allow direct closure of the donor site.

Figure 24 :

 24 Figure 24: Example of venous-supercharged PTAP (vsPTAP) harvesting for Achilles tendon coverage.

Figure 25 :

 25 Figure25: A 58-year-old man presented with chronic osteitis following a tibial fracture that had occurred three years previously. A vsPTAP flap was planned with a racquet-shaped design. The red arrows show the great saphenous vein and the recipient veins for anastomosis detected by color Doppler. The blue arrow represents the PTAP. The skin paddle was centered on the great saphenous vein, which was detected using handheld acoustic Doppler. Systematically, a recipient vein was detected for the anastomosis near the defect. The great saphenous vein was sectioned, and harvested with the flap. A 165° rotation was performed. After debridement, the loss of substance was covered by the flap and distal venous anastomosis was performed using magnification. Results after three months, showing satisfactory healing and absence of infection.

Figure 26 :

 26 Figure 26: A 39-year-old woman underwent a soft-tissue sarcoma excision in the lower leg, followed by reconstruction with two random local flaps, carried out in the general surgery unit. In the radiotherapy context, the two flaps developed tip necrosis, which led to bone exposure. B, C, We designed a dual perforator puzzle MSAP flap inside the medial random flap; a transposition was performed after rigorous debridement. D, Result at 2 weeks.

Figure 27 :

 27 Figure 27: A, B) Rapid arterio-venous alteration, 3 hours after ATAP was applied for bone coverage. As the patient had only one vascular axis after bypass surgery, we opted for a perforator flap. C) The flap
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