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Structure and function of the skin
The functions of the skin include:
1 Physical protection
2 Protection against UV light
3 Protection against microbiological invasion
4 Prevention of fluid loss
5 Regulation of body temperature
6 Sensation
7 Immunological surveillance.

The epidermis
• The epidermis is composed of stratified squamous epithelium.
• It is derived from ectoderm.
• Epidermal cells undergo keratinization in which their cytoplasm is replaced with
keratin as the cell dies and becomes more superficial.

The epidermis is composed of the following five layers, from deep to
superficial.

1 Stratum germinativum
• This is also known as the basal layer.
• The cells within this layer have cytoplasmic projections, which firmly link them
to the underlying basal lamina.
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• This is the only actively proliferating layer of skin.
• The stratum germinativum contains melanocytes.

2 Stratum spinosum
• The stratum spinosum is also known as the prickle cell layer.
• This layer contains large keratinocytes which produce keratin.
• The cells within this layer are joined to each other by tonofibrils (prickles).

3 Stratum granulosum
• The stratum granulosum contains mature keratinocytes, which possess cyto-
plasmic granules of keratohyalin.
• This layer is called the stratum granulosum because of these granules.
• The stratum granulosum is the predominant site of protein synthesis.

4 Stratum lucidum
• This is a clear layer.
• The stratum lucidum is only present in the thick skin of the palms and feet.

5 Stratum corneum
• The stratum corneum contains non-viable keratinized cells.
• The thick cells of this layer protect against trauma.
• The stratum corneum:

• Insulates against fluid loss
• Protects against bacterial invasion.

• Sebum produced by the sebaceous glands of the stratum corneum is bactericidal
to both streptococci and staphylococci.

Cellular composition of the epidermis
• Keratinocytes are the predominant cell type in the epidermis.
• Langerhans cells form part of the immune system and function as antigen-
presenting cells.
• Merkel cells are mechanoreceptors of neural crest origin.
• Melanocytes:

• Are neural crest derivatives
• Are usually located in the stratum germinativum
• Produce melanin, which protects the surrounding skin by absorbing UV 
light.

The dermis
• The dermis accounts for 95% of the thickness of the skin.
• The papillary dermis is superficial and contains more cells and finer collagen
fibres.
• The reticular dermis is deeper and contains fewer cells and coarser collagen
fibres.

The dermis is composed of the following.
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Collagen fibres
• These fibres are produced by fibroblasts.
• They are responsible for much of the strength of the skin.
• The normal ratio of type 1 to type 3 collagen is 5 : 1.

Elastin fibres
• These are secreted by fibroblasts.
• They are responsible for the elastic recoil of the skin.

Ground substance
• This consists of the glycosaminoglycans (GAGs), hyaluronic acid, dermatan 
sulfate and chondroitin sulfate.
• GAGs are secreted by fibroblasts and become ground substance when hydrated.

Vascular plexus
• This separates the denser reticular dermis from the overlying papillary dermis.

Skin appendages
The skin contains the following appendages.

Hair follicles
• Each hair is composed of a medulla, cortex and outer cuticle.
• The hair follicle consists of an inner root sheath, derived from the epidermis, and
an outer root sheath, derived from the dermis.
• Several sebaceous glands drain into each follicle. Discharge from these glands is
aided by the contraction of erector pili muscles.
• Velus hairs are fine and downy.
• Terminal hairs are coarse.
• Hairs are in either the telogen or the anogen phase.
• 75% of hairs are in the anogen (growth) phase at any one time.
• The remaining 25% of hairs are in the telogen (resting) phase.

Eccrine glands
• These sweat glands secrete an odourless hypotonic fluid.
• They are present in all sites of the body.
• Eccrine glands occur more frequently in the eyelids, palms, feet and axilla.

Apocrine glands
• These are located in the axilla and groin.
• They emit a thicker secretion than eccrine glands.
• They are responsible for body odour.
• Hidradenitis suppurativa is an infection of the apocrine glands.

Sebaceous glands
• These are holocrine glands that usually drain into the pilosebaceous unit.
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• They drain directly onto the skin in the labia, penis and tarsus (meibomian
glands).
• They occur more frequently on the forehead, nose and cheek.
• Sebaceous glands are not the sole cause of so-called sebaceous cysts. These cysts
are in fact of epidermal origin and contain all of the substances secreted by the skin
(predominantly keratin).
• Some authorities maintain that they should therefore be called epidermoid 
cysts.

Types of secretion from glands
• Eccrine or merocrine glands secrete opened vesicles via exocytosis.
• Apocrine glands secrete unbroken vesicles which later discharge.
• Holocrine glands secrete whole cells which then disintegrate.

Histological terms
• Acanthosisahyperplasia of the epithelium.
• Papillomatosisaan increase in the depth of the corrugations at the junction
between epidermis and dermis.
• Hyperkeratosisaan increase in the thickness of the keratin layer.
• Parakeratosisathe presence of nucleated cells at the skin surface.

Blood supply to the skin

Anatomy of the circulation
• The blood reaching the skin originates from deep vessels.
• These then feed interconnecting vessels which supply the vascular plexuses of 
fascia, subcutaneous tissue and skin.

Deep vessels
The deep vessels arise from the aorta and divide to form the main arterial supply 
to the head, neck, trunk and limbs.

Interconnecting vessels
The interconnecting system is composed of:
• Fasciocutaneous (or septocutaneous) perforating vessels

• These vessels reach the skin by traversing fascial septae.
• They provide the main arterial supply to the skin in the limbs.

• Musculocutaneous vessels
• These vessels reach the skin via direct muscular branches from the deep 
system. 
• These branches enter muscle bellies and divide into multiple perforating
branches, which travel up to the skin.
• The musculocutaneous system provides the main arterial supply to the skin of
the torso.
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Vascular plexuses of fascia, subcutaneous tissue and skin
Vascular plexuses of the fascia, subcutaneous tissue and skin are divided into six layers.
1 Subfascial plexus

• A small plexus lying on the undersurface of the fascia.
2 Prefascial plexus

• A larger plexus particularly prominent on the limbs.
• Predominantly supplied by fasciocutaneous vessels.

3 Subcutaneous plexus
• Lies at the level of the superficial fascia.
• Mainly supplied by musculocutaneous vessels.
• Predominant on the torso.

4 Subdermal plexus
• Receives blood from the underlying plexuses.
• The main plexus supplying blood to the skin.
• Represented by dermal bleeding observed in incised skin.

5 Dermal plexus
• Mainly composed of arterioles.
• Plays an important role in thermoregulation.

6 Subepidermal plexus
• Contains small vessels without muscle in their walls.
• Has a predominantly nutritive and thermoregulatory function.

Angiosomes
• An angiosome is a composite block of tissue supplied by a named artery.
• The area of skin supplied by an artery was first studied by Manchot in 1889.
• His work was expanded by Salmon in the early 1930s, and more recently by
Taylor and Palmer.
• The anatomical territory of an artery is the area in which the vessel branches 
ramify before anastomosing with adjacent vessels.
• The dynamic territory of an artery is the area into which staining extends after
intravascular infusion of fluorescein.
• The potential territory of an artery is the area that can be included in a flap if it is
delayed.
• The vessels that pass between anatomical territories are called choke vessels.

The transverse rectus abdominis muscle (TRAM) flap illustrates the angiosome
concept well.
• Zone 1

• This receives musculocutaneous perforators from the deep inferior epigastric
artery (DIEA) and is therefore in its anatomical territory.

• Zones 2 and 3
• There is some controversy as to which of the following zones is 2 and which 
is 3; the numbers of these zones are interchanged in various texts.
• The portion of skin lateral to zone 1 is in the anatomical territory of the
superficial circumflex iliac artery (SCIA). Blood has to travel through a set of
choke vessels to reach it from the ipsilateral DIEA.
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• The portion of skin on the other side of the linea alba is in the anatomical area
of the contralateral DIEA. This area is reliably perfused in a TRAM flap based on
the contralateral DIEA and is therefore within its dynamic territory.

• Zone 4
• This lies furthest from the pedicle and is in the anatomical territory of the con-
tralateral SCIA.
• Blood passing from the flap pedicle to zone 4 has to cross two sets of choke
vessels.
• This portion of the TRAM flap has the worst blood supply and for this reason
it is often discarded.

Arterial characteristics
From his detailed anatomical dissections Taylor made the following observations:
1 Vessels usually travel with nerves.
2 Vessels obey the law of equilibriumaif one is small, its neighbour will tend to be
large.
3 Vessels travel from fixed to mobile tissue.
4 Vessels have a fixed destination but a varied origin.
5 Vessel size and orientation is a product of growth.

The microcirculation
• Terminal arterioles are present in the reticular dermis and terminate as they enter
the capillary network.
• The precapillary sphincter is the last part of the arterial tree containing muscle
within its wall. It is under neural control and regulates the blood flow into the 
capillary network.
• Arteriovenous anastomoses (AVAs) connect the arterioles to the efferent veins.
• Blood flowing through AVAs bypasses the capillary bed and has a thermoregula-
tory rather than nutritive function.
• AVAs are of two types:

1 Indirect AVAs are convoluted structures known as glomera and are densely
innervated by autonomic nerves.
2 Direct AVAs are much less convoluted and have a sparser autonomic supply.

• The blood supply to the skin far exceeds its nutritive requirementsamuch of it
bypasses the capillary beds via the AVAs and has a primarily thermoregulatory function.

Control of blood flow
The muscular tone of vessels is controlled by the following factors.

Pressure of the blood within vessels (myogenic theory)
• The myogenic theory was originally described by Bayliss and states that:

• Increased intraluminal pressure results in constriction of vessels.
• Decreased intraluminal pressure results in their dilatation.

• This mechanism helps to keep blood flow constant and is the cause of the imme-
diate hyperaemia observed on release of a tourniquet.
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Neural innervation
• Arterioles, AVAs and precapillary sphincters are densely innervated by symp-
athetic fibres.
• Neural control regulates skin blood flow in the following ways.

• Increased arteriolar tone results in a decrease of cutaneous blood flow.
• Increased precapillary sphincter tone reduces the blood flow into the capillary
networks.
• Decreased AVA tone results in an increase in the non-nutritive blood flow
bypassing the capillary bed.

Humoral factors
• Epinephrine (adrenaline) and norepinephrine (noradrenaline) cause vasocon-
striction of the vessels.
• Histamine and bradykinin cause vasodilatation.
• Low oxygen saturation, high carbon dioxide saturation and acidosis also result
in vasodilatation.

Temperature
Increased heat produces cutaneous vasodilatation and increased flow which pre-
dominantly bypasses the capillary beds via the AVAs.

The delay phenomenon
• Delay is any preoperative manoeuvre that results in increased flap survival.
• Historical examples include Tagliacozzi’s technique for nasal reconstruction
described in the 16th century.

• This involves elevation of a bipedicled flap with a length : breadth ratio of 
2 : 1 (the flap can be considered as two flaps of the ratio 1 : 1).
• Cotton lint is then placed under the flap, preventing its reattachment.
• Two weeks later one end of the flap is detached from the arm and attached to
the nose.
• A flap of these dimensions transferred immediately, without a prior delay pro-
cedure, would have an increased chance of distal necrosis.

• A form of delay used in clinical practice today is the division of the DIEA 
supplying the rectus muscle, 2 weeks prior to pedicled TRAM-flap breast 
reconstruction.

Despite many advances in our understanding, the mechanism of delay remains
incompletely understood. The following theories have been proposed to explain
the delay phenomenon.

Increased axiality of blood flow
• Removal of the blood flow from the periphery of a random flap will promote the
development of an axial blood supply from its base along its axis.
• Axial flaps are known to have improved survival when compared with random
flaps.
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Tolerance to ischaemia
• Cells become accustomed to hypoxia after the initial delay procedure.
• Less tissue necrosis therefore occurs after the second operation.

Sympathectomy vasodilatation theory
• Sympathectomy resulting from dividing the sympathetic fibres at the borders of
the flap results in vasodilatation and an improved blood supply.
• But why, if sympathectomy is immediate, does the delay phenomenon only
begin to appear at 48 h, and why does it take 2 weeks to reach its maximum 
effect?

Interflap shunting hypothesis
• This theory postulates that sympathectomy dilates the AVAs more than the pre-
capillary sphincters, resulting in an increase in non-nutritive blood flow bypassing
the capillary bed.
• A greater length of flap will survive at the second stage as there are fewer symp-
athetic fibres to cut and therefore there will be less of a reduction in non-nutritive
flow.

Hyperadrenergic state
• Surgery results in increased tissue concentrations of vasoconstrictor substances,
such as epinephrine and norepinephrine.
• After the initial delay procedure, the resultant reduction in blood supply is not
sufficient to produce tissue necrosis.
• The level of vasoconstrictor substances returns to normal before the second 
procedure.
• The second procedure produces another rise in the concentration of vasocon-
strictor substances.
• This rise is smaller than it would be if the flap were elevated without a prior
delay.
• The flap is therefore less likely to undergo distal necrosis if a prior delay is 
performed.

Unifying theory
• This theory was described by Pearl in 1981.
• It incorporates elements of all of the above theories.

Classification of flaps
Flaps can be classified by the five ‘C’s:
• Circulation
• Composition
• Contiguity
• Contour
• Conditioning.
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Circulation
The circulation to flaps can be further subcategorized into:
• Random
• Axial (direct; fasciocutaneous; musculocutaneous; or venous).

Random flaps
• Random flaps have no directional blood supply and are not based on any known
vessel.
• These include most local flaps on the face.
• They should have a maximum length : breadth ratio of 1 : 1 in the lower
extremity, as it has a poor blood supply.
• They can have a length : breadth ratio of up to 1 : 6 in the face, as it has a good
blood supply.

Axial flaps

Direct
• Direct flaps contain a named artery running along the axis of the flap in the sub-
cutaneous tissue.
• Examples include:

• The groin flap based on the superficial external iliac vessels.
• The deltopectoral flap based on perforating vessels of the internal mammary
artery.

• Both flaps can include a random segment in their distal portions after the artery
peters out.

Fasciocutaneous
• Fasciocutaneous flaps are based on vessels running either within or near the fascia.
• Blood reaches these flaps from fasciocutaneous vessels (also called septocutaneous
vessels) running from the deep arteries of the body to the fascia.
• The fasciocutaneous system predominates on the limbs and this is the location of
most of these flaps.

Fasciocutaneous flaps have been classified by Cormack and Lamberty into the
following types:
• Type A

• These flaps are dependent on multiple non-named fasciocutaneous vessels that
enter the base of the flap.
• The lower-leg ‘super flaps’ described by Pontén are examples of type A flaps.
Their dimensions vastly exceed the 1 : 1 ratios recommended for random flaps
in the lower leg.

• Type B
• These are based on a single fasciocutaneous vessel which runs along the axis of
the flap.
• Examples include the scapular and parascapular flaps, and the fasciocutaneous
flaps based on perforators in the lower leg.
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• Type C
• These flaps are supplied by multiple small, perforating vessels which reach the
flap from a deep artery running along a fascial septum between muscles.
• Examples include the radial forearm flap (RFF) and the lateral arm flap.

• Type D
• These are fasciocutaneous flaps that contain bone.
• As these flaps are usually type C, they have recently been reclassified as ‘type C
flaps with bone’.
• Examples include: 

• The RFF raised with a segment of the radius.
• The lateral arm flap raised with a segment of the lateral supracondylar ridge
of the humerus.

Musculocutaneous
• Musculocutaneous flaps are based on perforators that reach the skin through the
muscle.
• The musculocutaneous system predominates on the torso and this is the location
of most of these flaps.

Musculocutaneous flaps were classified by Mathes and Nahai in 1981.
• Type 1

• These flaps are supplied by a single vascular pedicle.
• Examples include the gastrocnemius, the tensor fascia lata (TFL) and the
abductor digiti minimi (ADM).
• These are generally good flaps for transfer, as the whole muscle is nourished by
a single pedicle.

• Type 2
• These flaps are supplied by a single dominant pedicle which enters the muscle
near its origin or insertion point.
• Additional smaller vascular pedicles enter the muscle belly.
• Examples include the trapezius, temporalis and gracilis flaps.
• These are generally good flaps for transfer, as they can be based on the single
dominant pedicle.

• Type 3
• These flaps are supplied by two vascular pedicles, each arising from a separate
regional artery.
• Examples include the rectus abdominis and the gluteus maximus flaps.
• These are useful muscles for transfer, as they can be based on either pedicle.

• Type 4
• These flaps are supplied by multiple segmental pedicles.
• Examples include the sartorius, the tibialis anterior and the long flexors and
extensors of the toes.
• In practice they are seldom used for transfer, as each pedicle only supplies a
small portion of muscle.

• Type 5
• These flaps have one dominant vascular pedicle and secondary smaller segmen-
tal pedicles.
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• Examples include the latissimus dorsi and the pectoralis major.
• These are useful flaps, as they can be based on either the dominant vascular
pedicle or the secondary smaller segmental pedicles.

Venous
• These flaps are based on venous rather than arterial pedicles.
• In fact, many of the venous pedicles have very small arteries running alongside them.
• One example is the saphenous flap, which is based on the short saphenous vein
and often used to reconstruct defects around the knee.

Venous flaps have been classified by Thatte and Thatte as follows:
• Type 1

• These flaps are supplied by a single venous pedicle.
• Type 2

• These are venous flow-through flaps and are supplied by a vein which enters
one side of the flap and exits from the other.

• Type 3
• These are arterialized venous flaps.

Venous flaps tend to become very congested post-operatively and have not
been universally accepted.

Composition
Flaps can be classified by their composition, as:
• Cutaneous
• Fasciocutaneous
• Fascial
• Musculocutaneous
• Muscle only
• Osseocutaneous
• Osseous.

Contiguity
Flaps can be classified by their source, as:
• Local flaps

• These are composed of tissue adjacent to the defect.
• Regional flaps

• These are composed of tissue from the same region of the body as the defect,
e.g. head and neck, upper limb.

• Distant flaps
• Pedicled distant flaps are from a distant part of the body to which they remain
attached.
• Free flaps are completely detached from the body and anastomosed to recipi-
ent vessels close to the defect.

Contour
Flaps can be classified by the method in which they are transferred into the defect.
Methods of transferring flaps include the following.
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Advancement
The following methods can be used to facilitate advancement of a flap into a
defect.
• Stretching of the flap
• Excision of Burow’s triangles at its base
• V-Y advancement
• Z-plasty at its base
• A combination of the above.

Transposition
• The flap is moved into a defect from an adjacent position, leaving a defect which
must be closed by another method.

Rotation
• The flap is rotated into the defect.
• Classically, rotation flaps are of sufficient dimensions to permit closure of the
donor defect.
• In reality, many flaps have elements of transposition and rotation and may be
best described as pivot flaps.

Interpolation
• These flaps are moved into a defect either under or above an intervening bridge
of tissue.

Crane principle
• This technique aims to transform an ungraftable bed into one that will accept a
skin graft.
• At the first stage a flap is placed into the defect.
• After a sufficient time period to allow vascular ingrowth into the flap from the
recipient site, the superficial portion of flap is replaced in its original position. This
leaves a segment of subcutaneous tissue in the defect, which can now accept a skin
graft.

Conditioning
• ‘Delay’ is any preoperative manoeuvre which will result in increased flap survival.
• Traditionally delay has been used to increase the survival of flaps prior to surgery.
• The mechanism of delay is discussed in more detail in ‘The blood supply to the
skin’ (p. 7).

Geometry of local flaps

Orientation of elective incisions
• In the 19th century, Langer showed that circular awl wounds produced ellipt-
ical defects in cadaver skin.
• He believed that this occurred because the skin tension along the longitudinal
axis of the ellipse exceeded that along the transverse axis.
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• Borges has provided over 36 descriptive terms for skin lines. These include:
• Relaxed skin tension lines (RSTLs)athese are parallel to the natural skin wrinkles
(rhytids) and tend to be perpendicular to the fibres of the underlying muscle.
• Lines of maximum extensibility (LMEs)athese lie perpendicular to the RSTLs
and parallel to the fibres of the underlying muscle.

• The best orientation of an incision can be judged by a number of methods,
including:

• Knowledge of the direction of pull of the underlying muscle.
• Ascertaining whether the incision is parallel to any rhytids or RSTLs.
• Ascertaining whether the incision is perpendicular to the LMEs.
• Ascertaining whether the incision is parallel to the direction of hair growth.
• ‘The pinch test’aif the skin is pinched transversely it will form a transverse fold
without distortion if it is orientated correctly; if a sigmoid-shaped fold forms it is
orientated incorrectly.

Plasty techniques

Z-plasty
• This technique involves the transposition of two triangular-shaped flaps.
• A Z-plasty can be used to:

• Increase the length of an area of tissue or a scar
• Break up a straight-line scar
• Realign a scar.

• The degree of elongation of the longitudinal axis of the Z-plasty is directly
related to the angles of its constituent flaps.

30° → 25% elongation
45° → 50% elongation
60° → 75% elongation
75° → 100% elongation
90° → 125% elongation.

• The amount of elongation obtained for each flap angle can be worked out by
starting at 30° and 25% and adding 15° and 25% to each of the figures.
• Gains in tissue length are only estimates and depend on local tissue elasticity and
tension.
• Flaps of 60° angulation are most commonly used clinically as they provide
sufficient lengthening without undue tension.
• The angles of the two flaps do not need to be equal and can be designed to suit
local tissue requirements.
• All three limbs should be of the same length.
• The following steps should be taken when designing a Z-plasty to realign a scar.

1 Mark the desired direction of the scar. 
2 Draw the central limb of the Z-plasty along the original scar.
3 Draw the lateral limbs of the Z-plasty from the ends of the central limb to a
line along the desired direction of the scar.
4 Two patterns will be available, one with a wide angle at the apex of the flaps,
the other with a narrow angle.
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5 Select the pattern with the narrower angle as these flaps transpose better than
those with a wider angle.

1

The four-flap plasty
• This technique is used to elongate an area of tissue.
• It is, in effect, two interdependent Z-plasties.
• It can be designed with different angles.
• The two outer flaps become the inner flaps after transposition.
• The two inner flaps become the outer flaps after transposition.
• The flaps, which are originally in an ‘ABCD’ configuration, end as ‘CADB’
(CADBury).
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The five-flap plasty
• Because of its appearance this technique is also called a jumping-man flap.
• It is used to elongate tissue and is often utilized clinically to release first web
space contractures and epicanthal folds.
• It is, in effect, two opposing Z-plasties with a V-Y advancement in the centre.
• The flaps, which are originally in an ‘ABCDE’ configuration, end as ‘BACED’.

The W-plasty
• This technique is used to break up the line of a scar and improve its aesthetics.
• Unlike the Z-plasty and the four- and five-flap plasties, it does not lengthen 
tissue.
• If possible, one of the limbs of the W-plasty should lie parallel to the RSTLs so
that half of the resultant scar will lie parallel to them.
• This technique involves discarding normal tissue, which may be a disadvantage
in certain areas.

Local flaps
Local flaps may be:
• Advancement flaps (simple; modified; V-Y; or bipedicled).
• Pivot flaps (transposition; interpolation; rotation ; or bilobed).

Advancement flaps

Simple
Simple advancement flaps rely on skin elasticity.
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Modified
Modified advancement flaps incorporate one of the following techniques at the
base of the flap to increase tissue advancement.
• A counter incision
• A Burow’s triangle
• A Z-plasty.

1

Counter incision
at base

Burow's triangle
at base

Z-plasty
at base



G E O M E T R Y O F L O C A L F L A P S 17

V-Y 
• These flaps are incised along each of their cutaneous borders.
• The blood supply to these flaps arises from the deep tissue and passes to the flap
through a subcutaneous pedicle.
• Horn flaps and oblique V-Y flaps are modifications of the original V-Y flap.

Bipedicled
• These flaps receive a blood supply from both ends.
• They are less prone to necrosis than flaps of similar dimensions, which are only
attached at one end.
• A commonly used bipedicled flap is the von Langenbeck mucoperiosteal flap,
used to repair cleft palates.
• Bipedicled flaps should be designed with their limbs curved parallel to the 
circumference of the defect.
• This design permits flap transposition with less tension.

1
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Pivot flaps

Transposition flaps
These flaps are transposed into the defect, leaving a donor site which is closed by
some other means (often a skin graft).

Transposition flaps with direct closure of donor site
• These include the rhomboid flap (Limberg flap) and the Dufourmontel flap.
• These flaps are similar in concept but vary in geometry.
• Both flaps should be designed so as to leave the donor site scar lying parallel to
the RSTLs.
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The rhomboid flap
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Interpolation flaps
• These flaps are raised from local, but not adjacent, skin.
• The pedicle must therefore be passed either over or under an intervening skin
bridge.
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