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    Abstract
The field of reconstructive surgery is rapidly advancing with advances in the techniques of anatomical dissection, understanding of the neurovascular physiology, and improvements in surgical instrumentation. Flaps are composite units of tissue which have their own blood supply or an intact arteriovenous system to receive vascular inflow when transferred to a site of defect. Due to a wide array of flaps being used in reconstructive surgery, numerous terminologies can be found in use by reconstructive surgeons. Skin flaps are flaps that are composed of skin and subcutaneous tissues. Composite flaps are those which contain more than one component within the flap substance, and perforator flaps are those based on a cutaneous perforator. The angiosome concept has aided in understanding the vascular basis of flaps and increases their utility. Further research and insights are needed at the moment to have a finer understanding of the tissue neurovascular anatomy and flap behavior.
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    Introduction


    The word “flap” is derived from the original 16th-century Dutch word “flappe” which means anything hanging broad and loose, attached only on one side. In contrast, the word graft is derived from “gryft” which is a horticultural word referring to a piece of shoot inserted into a slit in the stem of another plant to derive nutrition from it. In reconstructive surgery parlance, graft refers to a unit of tissue devoid of its own blood supply when used to reconstruct a defect receives its blood supply from the recipient site. In contrast, flaps are composite units of tissue which have their own blood supply or intact arteriovenous system to receive vascular inflow when transferred to a site of defect.


    History of Flaps


    The earliest mention of flaps for the restoration of body parts can be traced to 700 BC in the Sushruta Samhita where the sage Sushruta describes the use of the facial tissues in the correction of deformity of the nose. During AD 1440, the use of pedicled forehead flap for the correction of nose deformity in the Indian subcontinent was done routinely. However, it was discovered by two Englishmen and reported in the Madras Gazette and The Gentleman's Magazine as the Indian method of nose reconstruction in 1794.[bookmark: ft1][1] This led to a resurgence of flap procedures in England as well as Europe.


    Tagliacozzi was among the first surgeons in Europe to describe his method of rhinoplasty using the distally based upper arm flap which was published in 1597.[bookmark: ft2][2] Significant advances in flap surgery were reported by Delpech, Labat Dieffenback, Blasius, and Volkmann in Europe and Mutter in the United States. The introduction of tube pedicled flap was done independently by Filatov, Hugo Ganzer, and Major Harold Delf Gillies during the period from 1916 to 1917.[bookmark: ft3][3] Further refinement in flap procedures came from the experiences of reconstructive surgeons like Kazanjian, Smith, R H Ivy, Sheehan, Bunnell, and Sir Harold Gillies during World War I.[bookmark: ft4][4]


    In 1882, Theodore Dunham of New York reported the two-stage island pedicled flap for the reconstruction of a defect following excision of a large epidermoid cancer of the cheek and eyelid where the vascular pedicle of the flap based on the superficial temporal artery was dissected out and buried in the skin of the cheek.[bookmark: ft5][5]


    Jacques Joseph, in 1931, described the vascular pattern of the deltopectoral flap which was later popularized by V Y Bakamjian, in 1965.[bookmark: ft6][6]


    With further understanding of flap anatomy and physiology, numerous refinements came into the flap design. McGregor and Jackson in 1972 published a landmark paper on the groin flap based on the superficial circumflex iliac artery and introduced the terms axial and random pattern flaps.[bookmark: ft7][7]


    Tanzini, in 1906, introduced the latissimus dorsi muscle flap for the first time, however the detailed anatomy of the latissimus dorsi musculocutaneous flap and axial flap of the skin from the same area was explained by Professor Steffanod'este in 1912.[bookmark: ft8][8] Over the course of the next 50 years, further understanding of the vascular anatomy of muscle led to refinements in the type and usage of such flaps. By the turn of the century with the advent of the operating microscope, vascular repair techniques of Carell, and the development of microvascular instruments and sutures, an era of free tissue transfer began. The flaps which were up till now tethered to the donor sites could be transferred to the distant sites along with their vessels and nerves. The first report of free flap was the free groin flap by Kaplan et al. in 1971 for an intraoral defect.[bookmark: ft9][9]


    Harii et al., in 1976, reported the use of free gracilis muscle flap with microvascular and microneurotization techniques for the reanimation of facial paralysis.[bookmark: ft10][10] With this, started an era of functional muscle transfers which has become an important technique of reconstruction in the armamentarium of plastic surgeons today.


    In 1994, Taylor et al. published a seminal work on the vascular territories of the skin which was based on preliminary work of Salmon and Manchot. Taylor introduced the concept of “Angiosome” which formed the foundation for more refinements in flap surgery.[bookmark: ft11][11]


    Classification of Flaps


    There is no system that can classify all the types of flaps considering that a wide variety of flaps that can be used in reconstructive surgery exist. However, authors have designed comprehensive classification systems which can broadly categorize these flaps. Tolhurst designed an atomic system [Table - 1] of flaps wherein he included composition characteristics of flaps.[bookmark: ft12][12] In contrast, Cormack and Lamberty gave a comprehensive flap classification [Table - 2], including the composition as well as circulation characteristics.[bookmark: ft13][13] As the understanding of vascular basis and anatomy of flaps improved, authors started suggesting flap classification schemes based on vascular supply [Table - 3].
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        	Table 1: Tolhurst “atomic” classification of flaps
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        	Table 2: Cormack and Lamberty's 6 C's of flap designbased classification.
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        	Table 3: Different approaches to flap classification
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    Terminology of Flaps


    Due to a wide array of flaps being used in reconstructive surgery, numerous terminologies can be found in use by reconstructive surgeons. Central to utility of any flap is the vascular supply. Random pattern flaps are flaps perfused by dermal vascular plexus without any known vascular pedicle. In contrast, axial pattern flaps are flaps which are raised based on a known vascular axis. Pedicled flaps are those which are transferred to a defect with the vascular supply still attached to the donor site. The attachment which is known as a pedicle may contain skin and subcutaneous tissue, only subcutaneous tissue, or just the arteriovenous axis within it. In contrast, free flaps are separated from the donor site and transferred to the defect to be reconstructed along with the arteriovenous structures. These are then sutured to the arteriovenous structures on the recipient site using microvascular suture techniques. When a flap is used to cover a defect adjacent to it, it is termed as a local flap; when the flap is used to cover a defect in the same anatomical region, it is termed as regional flap. Distant flaps are referred to flaps which are used to cover defects away from the donor site. Local flaps may be transferred to the defect by advancing the flap when they are known as advancement flaps. If the flaps move to the defect in a sideward manner, these will be called as transposition flaps. Frequently, local flaps may move to the defect to be covered by rotating along an arc, when they will be termed as rotation flaps [Figure - 1]. Geometric flaps are random pattern local flaps which are generally based on dermal vascular plexus and marked according to geometric shapes. Examples include bilobed flap, rhomboid (Limberg) flaps [Figure - 2], VY flaps, etc., If the movement of the flap to an adjacent defect involves the movement under an intact bridge of the skin between the flap donor site and the recipient site, they are known as islanded flaps. Propeller flaps [Figure - 3] are a variety of local flaps that are pedicled on an arteriovenous system, designed like a propeller blade, and can be rotated at 180° to cover an adjacent defect.[bookmark: ft14][14],[bookmark: ft15][15]
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        	Figure 1: Rotation flap to cover a forehead defect
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        	Figure 2: Rhomboid flap used to cover a defect in the sacral region
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        	Figure 3: Propeller flap rotated 180° to cover an adjacent defect over the leg. Note the flap supported by a vascular pedicle
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    Skin flaps are flaps that are composed of skin and subcutaneous tissues, whereas fasciocutaneous flaps include deep fascia also in the flap composition. The inclusion of deep fascia improves the vascularity and survival of these flaps by incorporating the facial vascular plexus within it. Flaps composed of muscle and its blood supply are termed as muscle flaps. Compound flaps are those that incorporate diverse tissue components into one interrelated unit. These may be composite or combined flaps [Figure - 4].
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        	Figure 4: A pectoralis major myocutaneous pedicled flap used to cover a defect created after excision of a buccal carcinoma
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    Composite flaps are those which contain more than one component within the flap substance as, for example, musculocutaneous flaps, osteocutaneous flaps, and neurocutaneous flaps and depend on a solitary source of vascular supply for the survival of all components. Combined flaps have multiple tissue components supplied by multiple source vessels. These may be conjoined, multiple flaps which have physical continuity but each perfused by their own vascular axis or chimeric, multiple flaps without physical continuity perfused by their own vascular axis, but the vascular axis is connected with a common source mother vessel.[bookmark: ft16][16],[bookmark: ft17][17]


    Perforator flaps are those based on a cutaneous perforator (direct, septocutaneous, or musculocutaneous). Angiosomes are three-dimensional blocks of tissue, including skin and deeper tissue layers that are supplied by specific source arteries.[bookmark: ft18][18],[bookmark: ft19][19]


    Visceral structures along with their blood supply, for example, ileal flaps, colonic flaps, and omental flaps are termed visceral flaps.


    Uses of flaps


    ”… losses must be replaced in kind--bone for bone, cartilage for cartilage, and skin for skin “


    Harold DelfGillies, 1917.[bookmark: ft20][20]


    The overarching goal of all reconstructive surgeons is to restore the anatomy as close to normal as possible. This has led to the discovery of new vascular territories, innovative flap designs, and efficient surgical techniques. The principles of reconstruction were governed for a long time by what is known as a reconstruction ladder. Reconstruction was planned in a gradual manner depending on the complexity of the defect and tissues lost. This was later modified into a reconstruction elevator where the most suitable option was selected irrespective of the complexity of defect [Figure - 5].[bookmark: ft21][21]
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        	Figure 5: Choosing a suitable reconstruction based on the complexity of the wound
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    More recently, reconstruction principles are based on the reconstructive triangle where ideal reconstruction technique depends on providing optimal form and function with maximum safety.[bookmark: ft22][22]


    Geometric flaps are used for coverage of small-to-medium size defects, for example, defects following excision of basal cell cancer of the cheek or forehead. Bigger size defects as in cases of traumatic soft-tissue losses of the scalp or limbs are covered by pedicle flaps, notably transposition or rotation flaps. Complex defects with loss of multiple tissue components such as bone, muscle, and skin are better reconstructed with osteocutaneous flaps using microvascular techniques.[bookmark: ft23][23],[bookmark: ft24][24],[bookmark: ft25][25]


    Flap dimensions are planned according to the measurement of the cutaneous defect. In case of pedicled flaps, the reach of the flap should be measured in addition to flap dimensions [Figure - 6]. Special situations demand special flaps as in case of osteomyelitis of tibia following trauma; a well-vascularized muscle flap with graft will help in controlling infection faster by increasing blood flow to tissues. Lymphedema control of the lower limbs can be achieved with vascularized lymph node transfer which involves the transfer of flaps containing lymph nodes such as the submental or supraclavicular flaps.[bookmark: ft26][26] Vascularized joint transfers are utilized to restore joint anatomy and function in the hands.[bookmark: ft27][27],[bookmark: ft28][28] Visceral flaps are utilized for the restoration of the esophageal, larynx, urethral or vaginal anatomy, etc.[bookmark: ft29][29],[bookmark: ft30][30] More recently, perforator-based free flaps with their innate ability to cover any kind of defects are being used extensively in reconstruction.[bookmark: ft31][31] Improvement in microsurgical instrumentations has led to a widespread adoption of perforator flaps in reconstructive practice.[bookmark: ft32][32]
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        	Figure 6: Flap planning is done using a lint piece to estimate the amount of flap required to cover a defect. Here, a reverse sural artery flap is used to cover a defect of the foot
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    Dynamic muscle transfers are done to restore function to a specific part as, for example, eyelid closure in facial nerve palsy using the temporalis muscle flap. Function can be also achieved using free functioning muscle transfers as done for severe crush injuries of the limb where gracilis muscle transfer with nerve cooptation is done to achieve finger flexion in cases of nerve injuries of the upper limb.[bookmark: ft33][33]


    Conclusion


    The field of reconstructive surgery is rapidly advancing with advances in techniques of anatomy, understanding of the neurovascular physiology, and surgical instrumentation. More refinements are being carried out at a regular basis to provide the most optimal form and function. Further research and insights are needed at the moment to have a finer understanding of tissue neurovascular anatomy and flap behavior, using newer anatomical and imaging techniques.
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  Figure 1: Rotation flap to cover a forehead defect
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  Figure 2: Rhomboid flap used to cover a defect in the sacral region


  Figure: 3

  [bookmark: fig_JAnatSocIndia_2020_69_2_103_288674_f3.jpg][image: ]


  Figure 3: Propeller flap rotated 180° to cover an adjacent defect over the leg. Note the flap supported by a vascular pedicle
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  Figure 4: A pectoralis major myocutaneous pedicled flap used to cover a defect created after excision of a buccal carcinoma
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  Figure 5: Choosing a suitable reconstruction based on the complexity of the wound
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  Figure 6: Flap planning is done using a lint piece to estimate the amount of flap required to cover a defect. Here, a reverse sural artery flap is used to cover a defect of the foot
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  Table 1: Tolhurst “atomic” classification of flaps
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  Table 2: Cormack and Lamberty's 6 C's of flap designbased classification.
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  Table 3: Different approaches to flap classification
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