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Lower-limb Flip-Flap: a simple reliable modification of adipofascial flap for extensive tibial crest cutaneous defect
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INTRODUCTION: Large cutaneous defects exposing the whole tibial crest are difficult to cover and are conventionally best treated with free flaps. This article describes a technical modification of the adipofascial flap in this indication.

METHODS: The "flip-flap" is vascularized by the posterior tibial artery perforators harvested on the medial aspect of the leg. The hypodermal and fascial tissue is deepidermized and elevated from the posterior midline up to the medial edge of the soleus muscle, then folded over the exposed tibial crest like a page of a book.

RESULTS: A 27x6 cm effect was successfully covered on a 72 year-old patient with vascular status precluding free flap. The flap healed by day 21.

DISCUSSION/CONCLUSION: This technical modification is simple and allows coverage of large tibial crest skin defect when a free flap is not possible.

INTRODUCTION:

Covering extensive tibial crest skin defect (here, >80% of the anteromedial side of the tibial shaft) is a challenge for which the optimal surgical solution is not established.

Cover classically uses free flaps [START_REF] Engel | Role of microsurgery in lower extremity reconstruction[END_REF], for which a specialized surgeon is necessary and failure rates even so can be as high as 31% [START_REF] Pu | Free tissue transfer to a difficult wound of the lower extremity[END_REF]. Moreover, receiver site vascularization has to be of good quality [START_REF] Shipkov | Vascular loops in reconstructive microsurgery: A review of the literature[END_REF], which is not always the case.

Techniques have therefore been developed using combined local flaps: soleus + reverse sural [START_REF] Hassanpour | Synchronous Soleus and Reverse Sural Flap for Large Soft Tissue Defect Reconstruction of Leg[END_REF], or gastrocnemius + hemisoleus [START_REF] Thornton | Reconstruction of an extensive tibial soft tissue defect with multiple local muscle flaps for limb salvage when free tissue transfer was not an option[END_REF][START_REF] Hyodo | The gastrocnemius with soleus bi-muscle flap[END_REF]. Results are often impaired, however, by traumatizing a limb already harboring multi-tissue lesions [START_REF] Salibian | Bipedicle gastrocnemius musculocutaneous flap for defects of the distal one-third of the leg[END_REF].

Adipofascial flap harvested from the anteromedial side of the limb was developed by Heymans, with excellent results in defects from knee to foot [START_REF] Heymans | Les lambeaux adiposofasciaux de la face antéro-interne de jambe : une alternative aux lambeaux libres pour la couverture des pertes de substance cutanée du genou au talon. À propos d'une expérience clinique de 17 cas[END_REF][START_REF] Heymans | Use of the medial adipofascial flap of the leg for coverage of full-thickness burns exposing the tibial crest[END_REF][START_REF] Heymans | The Medial Adiposofascial Flap of the Leg: Anatomical Basis and Clinical Applications[END_REF][START_REF] Verhelle | Bone Exposure in the Leg: Is a Free Muscle Flap Mandatory? last[END_REF].

We describe "flip-flap", a modified adipofascial flap that is easy to perform to cover extensive tibial crest skin defect.

We describe the anatomic bases underlying its reliability and the modification, illustrated with clinical data.

METHODS

ANATOMIC BASES

The Flip-Flap is an adipofascial flap vascularized by the posterior tibial artery perforators.

It is harvested from the subcutaneous and fascial tissue vascularized by the posterior tibial artery perforators. This territory extends over the medial side of the limb: proximal-todistal, from 5 cm below the inferior end of the patella to the apex of the medial malleolus, and anteroposteriorly from the tibial crest to the line between the two heads of the gastrocnemius [START_REF] Tang | Three-dimensional analysis of perforators of the posterior leg[END_REF] (Figure 1). Dissection should not exceed this territory.

The septocutaneous perforators vascularizing the flap lie between the flexor digitorum longus body and the soleus muscle [START_REF] Ozdemir | Examination of the skin perforators of the posterior tibial artery on the leg and the ankle region and their clinical use[END_REF] and/or between the tibia and the flexor digitorum longus [START_REF] Whetzel | Arterial fasciocutaneous vascular territories of the lower leg[END_REF]. The musculocutaneous perforators mainly lie on the medial edge of the soleus [START_REF] Tang | Three-dimensional analysis of perforators of the posterior leg[END_REF][START_REF] Ozdemir | Examination of the skin perforators of the posterior tibial artery on the leg and the ankle region and their clinical use[END_REF] (Figure 1).

The flap is thus vascularized by a mean 6 (3 to 9) posterior tibial artery perforators [START_REF] Whetzel | Arterial fasciocutaneous vascular territories of the lower leg[END_REF]. A flap raised on just one perforator is viable [START_REF] Hung | Free posterior tibial perforator flap: Anatomy and a report of 6 cases[END_REF] -and the Flip-Flap all the more.

SURGICAL TECHNIQUE:

Preoperative stage (Figure 2)

The perforators are located by Doppler (Minidop 100VX, 8MHz; Hadeco) on a 2 cm strip behind the medial edge of the tibial shaft (where most septocutaneous perforators emerge [START_REF] Ozdemir | Examination of the skin perforators of the posterior tibial artery on the leg and the ankle region and their clinical use[END_REF][START_REF] Whetzel | Arterial fasciocutaneous vascular territories of the lower leg[END_REF]). The flap contours are traced on the medial side of the limb tangentially to the superior and inferior defect edges up to the midline posteriorly.

Dissection: Adipofascial flap exposure step (Figure 3). After resection of the unstable tibial crest skin and infected part of the tibia and intramedullary curettage, flap dissection begins with extensive strictly subdermal release exposing the hypodermis over the whole flap surface, following the preoperative plan. Release thus does not damage the suprafascial vessels and thus does not jeopardize flap viability.

Dissection: Flap elevation (Figure 4). The flap is sectioned posteriorly along the midline, and superiorly and inferiorly tangentially to the defect. It is sectioned down to the fascia, included in the flap. Subfascial release continues from posterior to anterior to the medial relief of the soleus muscle, stopping there so as to avoid injury to the septocutaneous perforators between soleus and flexor digitorum longus. No perforator dissection is needed. The saphenous vein is sacrificed on flap elevation.

Dissection: Flap adjustment (Figure 5)

The adipofascial flap is folded over to cover the tibia and skin defect, like the page of a book, with the adipose side against the exposed bone and the fascial side outward; A "counter-flap" is dissected by 1 cm hypodermal release of the lateral edge of the defect, and the adipofascial flap is brought over the deep side of the release zone and fixed by absorbable subcutaneous suture.

By dissecting the Flip-Flap starting from the posterior midline, lateral migration overlaps the lateral edge of the tibia by 1-2 cm.

The dermal and epidermal tissue dissected during flap exposure is repositioned on the muscles of the posterior compartment as a dermo-epidermal graft, secured by a compress.

PRINCEPS CASE REPORT

A 72 year-old man had sustained an open tibial shaft fracture 30 years previously, treated by external fixator and Papineau technique [START_REF] Papineau | Excision-graft with deliberately delayed closing in chronic osteomyelitis[END_REF], achieving consolidation.

Clinical examination found fragile cutaneous scar tissue with multiple fistulae at the anteromedial side of the tibia over an area of 27x 6 cm. Scintigraphy with labeled leukocytes and multi-level biopsy found osteomyelitis with bone sequesters along 22 cm of the mid-third of the shaft.

Curettage and saucerization was performed on the anteromedial side of the tibia and 3 months' antibiotic therapy was initiated. The unstable skin was unviable intraoperatively.

Free flap reconstruction was contraindicated by preoperative CT angiography findings of a single permeable posterior tibial axis and grade 2 lower-limb arteriopathy obliterans.

RESULTS

At 21 days, the flap was completely healed, with no necrosis in the dermo-epidermal tissue over the posterior compartment muscles.

For the exposed part of the flap, a dermo-epidermal graft was successfully performed at 1 month.

At 13 months' follow-up (Figure 6), there was no recurrence of bone sepsis, either clinically (pain, fistula), radiologically (labeled leukocyte fixation on scintigraphy, sequester on CT), or biologically (CRP and leukocyte count).

DISCUSSION

Flip-Flap is a modification of Heymans' adipofascial flap [START_REF] Heymans | Les lambeaux adiposofasciaux de la face antéro-interne de jambe : une alternative aux lambeaux libres pour la couverture des pertes de substance cutanée du genou au talon. À propos d'une expérience clinique de 17 cas[END_REF], covering extensive pretibial skin defect over more than 80% of the anteromedial side of the tibia when a free flap is precluded by local conditions.

The major difference in dissection technique is in the flap hinge. For Heymans, the hinge is transverse, with anterograde or retrograde pediculation on the posterior tibial artery perforators. For Flip-Flap, it is longitudinal, with pediculation on all posterior tibial artery perforators on a longitudinal line along the septum between the flexor digitorum longus and soleus muscles.

In the present case, receiver-site skin graft was postponed to 1 month; it can, however, perfectly well be performed immediately.

The technique is quick and simple, as no vascular dissection is involved if flap elevation stops before reaching the medial edge of the soleus, thus respecting all septocutaneous perforators.

There are, however, some drawbacks. Adipofascial flaps have a lower capacity for in-situ antibiotic delivery than muscle flaps [START_REF] Gosain | A study of the relationship between blood flow and bacterial inoculation in musculocutaneous and fasciocutaneous flaps[END_REF]. Even so, studies increasingly report comparable sepsis control between adipofascial and muscular flaps [START_REF] Verhelle | Bone Exposure in the Leg: Is a Free Muscle Flap Mandatory? last[END_REF]. Using Flip-Flap for shorter defects may not be indicated, as it could not be sure whether a perforator was included. Preoperative Doppler could check perforator location. If there are none adjacent to the defect, some other kind of local flap seems preferable. The large dermo-epidermal tissue repositioned on the muscles of the posterior compartment, being no longer vascularized by the hypodermis, is liable to necrosis, although this did not occur in the present case: the tissue was doubtless revascularized by imbibition, like a total skin graft [START_REF] Converse | Plasmatic circulation" in skin grafts. The phase of serum imbibition[END_REF][START_REF] Capla | Skin graft vascularization involves precisely regulated regression and replacement of endothelial cells through both angiogenesis and vasculogenesis[END_REF] CONCLUSION Flip-Flap is a simple and reliable technique for covering extensive tibial crest skin defect. 
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 1 Figure 1: Anatomic bases of Flip-Flap. Left: multilevel anatomic anteromedial cross-section along the tibial shaft, with emergence of musculocutaneous and septocutaneous perforators. Box: Territory vascularized by posterior tibial artery perforators.

Figure 2 :

 2 Figure 2: Surgical technique, preoperative phase. Top: photograph of princeps case. Bottom: explanatory "transparency" diagram of underlying anatomic structures.

Figure 3 :

 3 Figure 3: Surgical technique, flap exposure phase. Top: intraoperative photograph. Bottom: explanatory "transparency" diagram; posterior tibial artery perforators and subcutaneous distribution.

Figure 4 :

 4 Figure 4: Surgical technique, flap elevation phase. Top: intraoperative photograph. Bottom: explanatory "transparency" diagram.

Figure 5 :

 5 Figure 5: Surgical technique, flap adjustment phase. Left: intraoperative photograph. Box: cross-sectional view of flap in position.

Figure 6 :

 6 Figure 6: Clinical aspect at 13 months, with dermo-epidermal graft on previously exposed part of the flap.
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