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Preface

Flaps are an essential tool in our reconstructive arm am entarium , 
and a good working knowledge of  ap surgery provides the back-
bone of surgical practice through which we restore form  and 
function. This book and its accompanying videos bring together 
the cum ulative experience of the leading pioneers and educators in  
reconstructive surgery from  around the world to dem onstrate and 
simplify  ap surgery, focusing on the m ost useful and com m on  aps 
and the m ost advanced and cut ting-edge m ethods. The aim  is not to 
be a  ap encyclopedia, but m ore helpfully to be a source of reference 
of reliable and workhorse  aps to reconstruct the m ajority of ana-
tom ical defects seen in the course of general and specialist recon-
structive surgery. These are outlined in as safe and e ective a way 
as possible and presented in a step-by-step form at from  planning 
to execution. We are excited that m any series in this book dem on-
strate  ap surgery in details heretofore never described.

Overview  chapters for each m ajor anatom ical area provide a 
general approach to reconst ruct ion w ith  a choice of recom m ended 
 aps. Workhorse  aps are then presented in  greater detail in  the 
A-Z of  aps. Masterclasses are presented at  the end of the book, 
and this important sect ion  is packed w ith  state-of-the-art  inno-
vat ions, personal experiences, and challenging reconst ruct ions 
and w ill m aintain  the freshness of each subsequent edit ion  of 
the book as techniques evolve and fur ther in terest ing m aterial 
becom es available to our readers.

Our p lan  to regularly update the in form at ion  presen ted 
herein  is best  underscored by Professor Foad Nahai’s recollec-
t ions: “My involvem ent  w ith  th is book was cause for re ect ion . 
Re ect ion  and rem iniscence w hich  took m e back to the late 
1970s w hen  Stephen  Mathes and I, as t rainees, laid  p lans for 
the Atlas of Muscle and Musculocutaneous Flaps. We were 
encouraged in  our e or t s by our m entors Maurice Jurkiew icz, 
Luis Vasconez, John  Bost w ick, John  McCraw, and P. G. Arnold, 
all of w hom  were p ioneers in  the developm ent  of m uscle and 
m usculocutaneous  aps. We have cer tain ly com e a long way 
since then . So m uch  has changed; so m any new   aps, w ith  
m ore sophist icat ion  in  clin ical applicat ions. Flap  descr ipt ions 
and dissect ions are m ore detailed, accom panying ar t work all in  
color w ith  com plex  clin ical exam ples of the  aps. In  shor t , w hen 
I com pare our in it ial e or t s to descr ibe the blood supply and arc 
of rotat ion  of m uscle  aps w ith  th is work I realize how  for tunate 
I have been  to be a par t  of and to have w itnessed the evolut ion  
of our specialt y.”

We hope and expect  that  you w ill  nd th is book and its ac-
com panying videos useful to your pract ice.

Professor Kayvan Shokrollahi, MSc, LLM, FRCS(Plast)
Professor Iain S. W hitaker, MA(Cantab), PhD, FRCS(Plast)

Professor Foad Nahai, MD, FACS, FRCST(Hon)

Join  the  ap com m unity at:

w w w .thef apboo k.co m
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in Reconstructive Surgery
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3

 � Principles of Wound 
Healing

Wound healing is a com plex biological response, involving a de-
 ned, regulated sequent ial cascade, w ith  coordinated cellu lar 
act ivit y including phagocytosis, chem otaxis, m itogenesis, and 
ext racellular m atrix com ponent synthesis. Three overlapping 
phases are t radit ionally described: in  am m atory, proliferat ive, 
and rem odeling (Fig. 1.1). It  is im portant  that  these act ivit ies 
 occur in  an  ordered m anner for successful wound healing to take 
place.

Phases of Wound Healing
In ammation
The prim ary sequence of events is init iated by injury to the t issue, 
causing hem orrhage w ith init ial vasoconstriction and activation of 
the coagulat ion cascade. This is followed by release of in am m atory 
m ediators, leukocytes, erythrocytes, and platelets. Platelets release 
vasoactive am ines, including serotonin, and cytokines, including 
platelet-derived grow th factor (PDGF), t ransform ing grow th factor- 
beta (TGF-b), and epiderm al grow th factor (EGF). Granulat ion t issue 
production com m ences. Hem atom a and  brin bind to the wound, 
at tracting platelets and supporting  broblast m igration.

The coagulat ion and com plem ent cascades enable the m igra-
t ion  of leukocytes and m onocytes w ith in  hours, closely followed 

by m acrophages after 24 to 36 hours via the process of m argin -
at ion and diapedesis. Debris is phagocytosed and rem oved from  
the wound by the polym orphonuclear cells (PMNs). Epitheliali-
zat ion  results in  m igrat ion  of epithelial cells across the wound, 
w ith  the leading edge losing its basem ent m em brane adhesion  
and  at tening out .

By 48 to 72 hours m acrophages are the predom inant  cell 
t ypes, producing grow th factors for the product ion of the ex-
t racellu lar m em brane (ECM) by  broblasts and angiogenesis 
follow ing proliferat ion  of sm ooth  m uscle and endothelial cells. 
Chem o-at t ractants for m acrophages include im m unoglobulin  G 
(IgG) fragm ents; com plem ent , collagen, and elast in  breakdow n 
products; and cytokines, such  as PDGF, TGF-b , and leukotriene B4. 
Lym phocytes are at t racted by in terleukin-1 (IL-1), IgG, and com -
plem ent products and are the last  cells to enter the wound during 
the in  am m atory phase.

Proliferation
By day 7 the wound is predom inated by  broblasts, m igrat ing 
through the ECM into the wound follow ing st im ulat ion by cyto-
kines. Fibroblasts synthesize t ype I and type III collagen, to form  
the foundat ion of the wound ECM. New  blood vessel form at ion 
occurs by the act ion  of platelets releasing cytokines to at t ract  
m acrophages and PMNs. The m acrophages release angiogenic 
substances such as tum or necrosis factor-alpha (TNF-a ), vascu-
lar endothelial grow th factor (VEGF), and basic  broblast  grow th 
factor (bFGF). These act ions result  in  angiogenesis.

1 Basic Principles of Reconstructive  
Surgery and Flaps
Parneet Gill and Kayvan Shokrollahi

Fig. 1.1 Following the initial injury, the three phases of wound healing are shown: in ammatory, proliferative, and remodeling.
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4 I Planning and Decision Making in Reconstructive Surgery

 ● Wound oxygenat ion
 ● Radiat ion
 ● Denervat ion

General factors that  a ect  wound healing include:

 ● Age
 ● Sm oking
 ● Nutrit ional status
 ● Vitam in de ciency 1  zinc de ciency
 ● Tem perature
 ● Inherited condit ions, such as, pseudoxanthom a elast icum , 

Ehlers-Danlos
 ● Acquired condit ions, such as, diabetes m ellitus, autoim -

m une in  am m atory condit ions

Structure and Function of the Skin
The skin  is com posed of epiderm is and derm is (Fig. 1.2). The  ve 
layers of the epiderm is are the st ratum  corneum , st ratum  granu-
losum , st ratum  lucidum , st ratum  spinosum , and st ratum  basale. 
Epiderm is is st rat i ed squam ous epithelium  w ith  m ainly kerat i-
nocytes, but  also Langerhans cells, Merkel cells, and m elanocytes.

The derm is accounts for 95% of the th ickness of the skin  
and is split  in to the super cial papillary derm is and the deeper 
 ret icular derm is, separated by the vascular plexus (Fig. 1.2a). The 

Remodeling
By day 21, a steady state of collagen synthesis and breakdow n 
is reached follow ing rem odeling of the ECM. TGF-b prom otes 
m atrix accum ulat ion by decreasing the act ivit y of the m atrix 
m etalloproteinases (MMPs), w hich are produced by  broblasts, 
m acrophages, and granulocytes. Fibronect in  acts as a sca old for 
collagen deposit ion  and is involved in  wound contract ion , cell 
in teract ion  and m igrat ion , collagen m atrix deposit ion , and re-
sultan t  epithelializat ion. As the wound m atures, t ype I collagen 
replaces t ype III and the am ount of  bronect in  reduces. St rom al 
ground substance consist ing of proteoglycans and glycosam i-
noglycans (GAGs) is vital in  creat ing a hydrated environm ent to 
enable cell m obilit y and binding. Rem odeling occurs increasing 
tensile st rength  of the wound to 80% of norm al between  3 and 
8 weeks.

Factors that A ect Wound 
Healing
Local factors that  a ect  wound healing include:

 ● Infect ion
 ● Handling of wound by surgeon
 ● Local t issue ischem ia

Fig. 1.2 (a) Structure of the skin. Skin consists of epidermis 
and dermis, leading into the layers of subcutaneous tissue 
and muscle. Within the layers are vascular plexi, shown as 
listed. (1) Subpapillary vascular plexus; (2) dermal vascular 
plexus; (3) subdermal vascular plexus; (4) segmental vascular 
plexus. (b) Composition of free skin grafts. Skin grafts can be 
classi ed as full thickness or split thickness.1

Anterior
fascia

Epidermis

a

b

Full-thick-
ness graft
(>0.5 mm)

Epidermis
Thin split-
thickness graft
(0.2 – 0.3 mm)

Thick split-
thickness graft
(0.4 – 0.5 mm)

Dermis

Subcuta-
neous
tissue

Muscle

1
2

3

4

Dermis

Subcuta-
neous
tissue

Muscle

Posterior
fascia

Segmental artery
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 1 Basic Principles of Reconstructive Surgery and Flaps 5

 ● Free t issue t ransfer
 ● Miscellaneous, such as, cell culture, vacuum -assisted clo-

sure (VAC)

Reconstructive Menu
The reconst ruct ive m enu is a m ore recent , sophist icated opt ion, 
as the reconst ruct ive ladder encourages the sim plest  opt ion 
rather than  the m ost  opt im al reconst ruct ion . Any item  can be 
chosen from  the m enu, allow ing personal preference and the 
m ost  suitable reconst ruct ion to be used for each individual case.

The aim s of reconst ruct ion are both  funct ional and cosm et ic. 
Scars should be placed in  lines of elect ion (Langer lines) or paral-
lel to them  to enable set t ling of the scar in to w rinkles over t im e 
(Fig. 1.3a). The nasolabial fold, glabellar w rinkle pat tern , lateral 
canthal “crow ’s feet ,” and forehead w rinkles are preferable areas 
to place scars. The use of a natural junct ion  line dist racts the eye 
from  the scar and can be used e ect ively, such as, the base of the 
alar, the verm ilion  border, and the lower eyelid below  the line of 
the eyelashes (Fig. 1.3b).

Facial Subunits
The face can be divided in to six m ajor aesthet ic subunits: fore-
head, eyes/eyebrows, nose, cheek, lips, and chin  (Fig. 1.4). These 
can be fur ther divided in to addit ional anatom ical subunits 
(Figs. 1.5, 1.6, and 1.7). These are im portant  w hen considering 
reconst ruct ion  as defects a ect ing m ore than 50% of a subunit  
m ay produce a superior result  if the w hole subunit  is replaced 
instead of the defect  alone.

Direct Closure
The aim s of direct  closure include:

 ● Place scar in  Langer lines if possible (Fig. 1.3)
 ● Adequate debridem ent of t raum at ic wounds

derm is consists of collagen, elast in   bers, ground substance, and 
the vascular plexus. The skin  appendages including the hair fol-
licles, eccrine glands, apocrine glands, and the sebaceous glands 
are found in  the derm al layer (Fig. 1.2a).

For the blood supply to the skin , deep vessels ar ising from  the 
aor ta divide to form  the m ain  ar terial supply to the head, neck, 
t runk, and lim bs before feeding in to the vascular plexus of the 
fascia, subcutaneous t issue, and skin . Fasciocutaneous and m us-
culocutaneous perforators connect  the deep vessels to the skin .

The vascular plexus is divided in to six layers (Fig. 1.2a):

1. Subfascial plexus
2. Prefascial plexus
3. Subcutaneous plexus
4. Subderm al plexus
5. Derm al plexus
6. Subepiderm al plexus

An angiosom e is a com posite block of t issue that  is supplied 
by a nam ed ar tery. Angiosom es were  rst  described by Manchot 
in  1889 and later by Taylor and Palm er. The vessels that  pass be-
tween the anatom ical terr itories of the angiosom es are called 
choke vessels.

 � Reconstructive Techniques
Options
Reconstructive Ladder
This is a stepw ise progression from  the sim plest  opt ions for re-
const ruct ion  to those that  are m ore com plex:

 ● Secondary in ten t ion healing
 ● Prim ary closure
 ● Graft—split  skin , full th ickness skin , or com posite
 ● Tissue expansion
 ● Local t issue t ransfer
 ● Distant  t issue t ransfer

a

Fig. 1.3 (a) Langer lines. Scars are placed in lines of election as shown. (continued)
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6 I Planning and Decision Making in Reconstructive Surgery

Fig. 1.3 (continued) (b) Use of resting skin tension lines to plan reconstruction using direct closure and local  aps.1

b

 ● Atraum at ic technique
 ● Minim ize dead space
 ● Tension-free closure
 ● Opposit ion  of skin  edges w ithout overlap (Fig. 1.8)
 ● Evert  skin  edges (Fig. 1.8)
 ● Use  nest  suture possible for tension
 ● Excise dog ears

The m ethods of direct  closure include:

 ● Sim ple in terrupted (Figs. 1.8  and 1.9)
 ● Subcutaneous w ith  buried knot (Figs. 1.8  and 1.9)
 ● Subcut icular (Fig. 1.10)
 ● Vert ical m at t ress (Figs. 1.11  and 1.12)
 ● Horizontal m at t ress (Fig. 1.13)
 ● Cont inuous (Fig. 1.14)

The standard suture technique can be described as a deep 
buried subcutaneous suture or a sim ple in terrupted skin  suture 
(Figs. 1.8  and 1.9). The aim  of the buried subcutaneous suture is 
to elim inate dead space at  the base of the wound to reduce the 
r isk of hem atom a, serom a, or infect ions. The sim ple in terrupted 
skin  suture aim s to ever t  the wound edges by ensuring an  equal 

Inferior border of eyebrow
and superior orbital rim

Continuation of
lower lid margin

Lateral
orbital rim

Continuation of
upper lid margin

Inferior
orbital rim

Nasojugal groove

Upper and lower
lid lacrimal
puncta

Fig. 1.5 Subunits of the eye.2

Hairline or
superior
border of
frontalis m.

Orbital rim

Nasofacial
groove

Melolabial
fold

Preauricular
crease

Labio mental
crease

Fig. 1.4 The major subunits of the face.2
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Dorsal

Side wall

Tip
Soft triangle

Columellar

Alar

Fig. 1.6 Subunits of the nose.2

Philtral ridge
Melolabial-fold

Vermilion borders

Labio mental
crease

Fig. 1.7 Subunits of the lips and chin area.2

Epidermis

Dermis

Subcutaneous

Fig. 1.8 Simple interrupted and buried deep dermal suture. This  gure 
shows opposition of the wound edge with eversion.2

Fig . 1.9 Simple suture techniques. (a) Placement of a subcutaneous suture with a buried knot . (b) Placement of an 
interrupted suture with equal distances from the wound edge in order to achieve eversion. (c) Successfully completed 
wound closure.3

“bite” is taken at  each wound edge w ith  a sim ple loop knot ted at  
one side of the wound (Fig. 1.9c). Inverted wound edges do not  
heal adequately.

A subcut icular su ture is used to close a wound edge w ith-
out  leaving external t racking m arks. It  consists of a single run -
ning suture, w hich starts at  one end of the wound, t raversing the 
wound at  the level of the derm is to the other end of the wound 
(Fig. 1.10). The subcut icular suture can be left  free at  either end 
and t r im m ed upon review  or can be buried.

The ver t ical m at t ress suture is used to ever t  wound edges 
w hile reducing dead space. The distance from  the wound edge 
m ust  be equal in  both  the deeper and super cial “bite” to avoid 
a step deform ity (Fig. 1.11). The half-buried ver t ical m at t ress su-
ture can  also be used to close a wound by passing deep from  one 
wound edge in to the other and exit ing super cially by form ing a 
loop, w hich is knot ted on the side of ent ry (Fig. 1.12).

The horizontal m at t ress su ture is used to ever t  wound edges 
by taking the tension and spreading it  along the wound edge by 
taking horizontal “bites” (Fig. 1.13). It  is ideal for closing fragile 
skin  as well as areas under a large am ount  of tension; however, 
the blood supply to the t issue between the suture m ay becom e 
com prom ised if t ied too t ightly.
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8 I Planning and Decision Making in Reconstructive Surgery

Fig. 1.11 Vertical mat tress suture. (a) Placement of suture at 
equal points from wound edge. (b) Completed wound closure.3

Fig. 1.10 Subcuticular suture.3

Fig. 1.12 Half-buried vertical mat tress suture. (a) Placement 
of suture with start and  nish points on same side of wound. 
(b) Completed wound closure.3
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 1 Basic Principles of Reconstructive Surgery and Flaps 9

enabling wound closure m inus the dog ear. This acts to lengthen the 
scar further but produces a  attened and m ore pleasing scar.

Skin Grafts
A derm atom e or Watson knife is used to shave a layer of epider-
m is, w ith  a varying am ount of derm is (Fig. 1.16a-e ). The graft  
is t ransferred to a distal site, w here it  establishes a new  blood 
supply w ith  the bed of the wound (Fig. 1.16f). The graft  can be 
 unm eshed or m eshed to enable drainage of underlying hem ato-
m a and coverage of a larger area. The bed should be free of in-
fect ion , ischem ia, or foreign bodies in  order to ensure good take.

A bolster dressing is often  applied to reduce shearing and 
hem atom a bet ween  the graft  and wound bed (Figs. 1.16g and 
1.17). The split  skin  graft  is t r im m ed to size and sutured to the 
wound edges leaving the suture ends t ied long. The graft  m ay 
also be quilted to the underlying bed if desired (Fig. 1.17a). Jelo-
net  gauze and a dressing such  as pro avine-soaked wool or foam  
dressing are used to com press the graft , w ith  the t ie-over com -
pleted by t ying the long ends of the sutures across it  (Fig. 1.17b).

Fig. 1.14 Simple continuous suture. (a) Placement of suture 
with bites taken at equal distance from wound edge. (b) Com-
pleted wound closure.3

A sim ple cont inuous over and over suture is a quick m ethod 
to close a wound but  can  bunch up and st rangulate the wound 
edges if t ied too t ightly. The sutures should be placed at  equal 
distances away from  the wound edge to encourage eversion of 
the wound edges (Fig. 1.14).

Before wound edges are sutured, it  is vitally important that any 
debris or nonviable t issue is adequately debrided in order to avoid 
infect ion and any risk of debris tat tooing. Wound edges should be 
opposed into their “norm al” posit ion by using landm arks to aid 
placem ent. Where there has been t issue loss, assessm ent should 
be m ade about whether the wound can be left to heal by second-
ary intention, w hether prim ary closure is adequate or whether 
new  t issue needs to be recruited either as a skin graft or  ap.

Dog ears result when excess t issue rem ains at either end of a 
wound during direct closure. These unsightly swellings produce an  
unsatisfactory result and can improve over t im e but are easily m an-
aged by form al dog ear excision (Fig. 1.15). Init ially the direction of 
the relaxed skin tension lines is noted and creating an equilateral 
triangle shortens the wound edge. An incision is m ade at the shorter 
edge that m eets the wound before the resultant  ap is draped across 
the wound to highlight the rem aining excess. The excess is excised, 

Fig. 1.13 Horizontal mat tress suture placement.
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10 I Planning and Decision Making in Reconstructive Surgery

Fig. 1.15 Excision of dog ears. (a) Initial situation with direction of RSTL 
marked. (b) Shortening the lower wound edge by creating an equilater-
al triangle. (c) Incision at shorter edge meeting wound. (d) Extension of 
resulting  ap over wound to show excess edge. (e) Excision of dog ear to 
enable desired wound closure.2

Full-thickness gra ft

Thick split-thickness gra ft
(0.4–0.5 mm)

Thin split-thickness
gra ft  (0.2–0.3 mm)

Epidermis

Dermis

Subdermis
(Fa t)

Muscle

Fig. 1.16 Free skin grafts. (a) Skin grafts can be full thickness or 
varying levels of split thickness.3 (continued)a

A split  skin  graft  leaves som e derm is at  the donor site, w here-
as a full th ickness skin  graft  takes the full derm is; therefore, the 
donor site needs to be direct ly closed or grafted. Fig. 1.18  shows a 
picture of a pat ient  follow ing split  skin  graft  to the anterior scalp 
follow ing excision  of a lesion.

Skin Graft Classi cation
 ● Autograft: sam e individual
 ● Allograft: sam e species
 ● Isograft: genet ically ident ical donor
 ● Xenograft: another species

Skin Graft “Take”
 ● Adherence
 ● Im bibit ion
 ● Revascularizat ion
 ● Rem odeling

The graft  im m ediately adh eres to the  w oun d bed  due to 
th e p resen ce of  br in . Dur ing th e  rst  48 hou rs th e skin  graft  
begin s to sw ell due to absorpt ion  of  u id . Vessel ingrow th 
in to the  skin  graft  occu rs aroun d  day 4 e ith er  by in oscu lat ion , 
revascu lar izat ion , or  n eovascu lar izat ion . Th e h istological ar-
ch itect u re  of th e graft  ret u rn s to that  of n orm al skin  du r ing 
 rem odeling.

The donor site heals by epithelializing from  the m argins and 
from  the derm al rem ains such as the appendages. Healing occurs 
over 1 to 2 weeks.

The donor sites for split  skin  grafts are the th igh, m edial up -
per arm , but tock, and hypothenar em inence; and for full th ick-
ness skin  grafts, the pre- or post-auricular area, supraclavicular 
area, groin , m edial upper arm , and cubital crease.

Reasons for skin  graft  failure include the follow ing:

 ● Hem atom a
 ● Infect ion
 ● Serom a
 ● Shear
 ● Inappropriate wound bed
 ● Error in  placem ent

a
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Fig. 1.16 (continued) (b) Photograph showing lesion on left leg marked with margin of 6 mm. (c) Photograph showing markings for split skin graft from 
left thigh. (d) Photograph showing a split skin graft being taken. (e) Photograph showing a split skin graft on a swab. (f) Photograph showing split skin 
graft being applied to defect. (g) Photograph showing bolster dressing over graft.
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