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tobacco-specific nitrosamine

total urogenital mobilisation

ultrasound assisted liposuction
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ULD ulnar longitudinal deficiency

(SN ultrasound

uv ultraviolet

VAC vacuum-assisted closure

VAH ventral abdominal hernia

VAL VASER-assisted liposuction
VEGF vascular endothelial growth factor
VHWG ventral hernia work group

VM venous malformations

VRAM vertical rectus abdominis myocutaneous
VY V toY advancement flap

WAL water-assisted liposuction

WHO World Health Organisation

XE xenometabolising enzymes

YAG yttrium aluminium garnet

ZMC zygomaticomaxillary complex
ZPA zone of polarising activity
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Principles of Plastic Surgery, Wound Healing,
Skin Grafts and Flaps

George Adigbli, Feras Alshomer, Jekaterina Maksimcuka, Shadi Ghali

1. INTRODUCTION

Plastic and reconstructive surgery is a branch of surgery that specialises in restoring form and function
to damaged or missing tissues and skin. The causes of such defects are usually related to surgery, injury,
illness or congenital abnormality. This rapidly evolving specialty is based upon the exploitation of key
principles of anatomy, physiology, pathology and surgery. Mastery of these principles as well as the
acquisition of sound surgical technique enables plastic surgeons to constantly adapt to the wide variety
of individual cases they face and provide functional and aesthetic solutions.

Comprehensively describing and explaining all of the principles of plastic and reconstructive surgery
would require far more space and time than can be afforded in a single chapter. This chapter will there-
fore focus on key principles that will allow non-specialists to understand the fundamentals of this spe-
cialty. The first section concentrates on the basic sciences of skin anatomy and the pathology of wound
healing relevant to plastic surgery. The second section will evaluate practical plastic surgery principles
used every day in clinical and operative practice. Once completed, the reader should be well equipped
to understand more sophisticated concepts conveyed in the literature.

2. THE SKIN

A detailed knowledge of the structure and function of the skin is essential in plastic and reconstructive
surgery because every surgical procedure involves traversing the skin in some fashion.

2.1. Structure and function of the skin

The skin is the largest organ in the body. Some of the many functions carried out by this vast organ
include (Richards, 2008):
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Physical protection

Protection against ultraviolet light
Protection against microbial invasion
Prevention of fluid loss

Regulation of body temperature
Sensation

Immunological surveillance
Aesthetics and communication.

The skin is composed of three major tissue layers, the epidermis, dermis and hypodermis, and also of
various structures known as appendages.

The epidermis is the outermost, protective layer of the skin. The thick dermis lies beneath this layer
and contains most of the skin appendages. The hypodermis lies beneath the dermis and is predominantly
composed of adipose tissue.

2.1.1. Epidermis

The superficial epidermis is composed of keratinised stratified squamous epithelium. The predominant
cell type is the keratinocyte, which produces fibrous keratin to provide protective and waterproof func-
tions to this layer. Three other cell types make up this layer:

B Melanocytes — produce melanin which dissipates ultraviolet radiation and aids the production of
vitamin D from sunlight;

B Merkel cells — sensory cells associated with light touch discrimination; and

B Langerhans cells — immune surveillance dendritic cells (antigen-presenting cells).

Structurally, the epidermis is composed of five distinct layers, each of which has its own cellular make
up and function. From deep to superficial they are:

B Stratum germinativum — the actively proliferating basal cell layer, containing melanocytes;
Stratum spinosum — contains keratinocytes;

Stratum granulosum — the site of protein synthesis — contains mature keratinocytes;
Stratum lucidum — clear layer present only on the palms and feet; and

Stratum corneum — contains thick, non-viable keratinised cells, which protect against trauma and
sebaceous glands, which produce bactericidal sebum. This layer also insulates against fluid loss.

2.1.2. Dermis

The dermis is the middle layer of the skin. It is predominantly composed of connective tissue com-
prising collagen, elastin, ground substance and vascular plexus in a bundled and woven arrangement.
Structurally it consists of two layers:
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B The superficial papillary dermis, which consists of areolar (loose) connective tissue; and
B The deep reticular layer, which consists of dense irregular connective tissue.

The dermis confers elasticity and flexibility to the skin and at the same time helps it to resist distor-
tion, wrinkling and sagging. It is also the part of the skin where blood vessels and nerves end. The der-
mis consists predominantly of fibroblasts, collagen and extracellular matrix.

2.1.3. Hypodermis

This is the deepest and thickest layer of the skin. It is often considered part of the dermis because it
invaginates into it, by attachment via collagen and elastin. The hypodermis predominantly consists of
adipocytes.

2.1.4. Skin appendages
Skin appendages are structures derived from the skin that serve particular functions. The appendages are:

B Hair follicles
B Sweat glands
o Eccrine glands
o Apocrine glands
B Sebaceous glands.

Hair follicles are found in skin covering the entire surface of the body except for the palms, soles and
glans penis. The face and scalp have the greatest densities of hair follicles. Each hair shaft is composed
of a medulla, a cortex of keratinocytes and an outer cuticle. Each follicle consists of two root sheaths
which surround the hair bulb. The inner root sheath is derived from the epidermis and the outer root
sheath from the dermis. The follicles are lined by germinative cells and melanocytes, which produce
keratin and pigment, respectively. Erector pili muscles are associated with each hair shaft. These mus-
cles function to erect the hair follicles by contracting in the cold or during times of fear and emotion,
leading to goose bumps. They also aid drainage of sebaceous glands into the hair follicles.

There are over 2.5 million sweat glands in the dermis over most of the body. Eccrine glands are found
in the skin covering all body surfaces and secrete an odourless hypotonic fluid under sympathetic con-
trol. They are particularly abundant in the forehead, palms, soles and axillae.

Apocrine glands are larger than eccrine glands and emit thicker, odourless secretions, which are
metabolised by skin bacteria to produce body odour. They are found in the axilla, the anogenital region
and areolar tissue and emit secretions in response to heat, under sympathetic control.

Sebaceous glands are holocrine glands derived from the epidermis. They are closely associated with
hair follicles and are therefore absent in hairless skin. In response to androgenic stimulation, sebaceous
glands secrete cells which break down to release their lipid cytoplasm directly onto the skin (sebum).
The functions of sebum include:
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Hairy Skin

Hair shaft
Opening of sweat duct

Hairless Skin

Dermal papillae

Epidermis
Superficial arteriovenous
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Erector pili muscle

Reticular dermis Sebaceous gland

Meissener’s
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Eccrine sweat duct

Eccrine sweat gland

Figure 1.1. The skin with its separate layers and appendages.

Antimicrobial action
Provision of vitamin E to superficial skin layers
Maintain integrity of skin barrier

Thermoregulation.

3. WOUND HEALING

Wound healing is classically divided into four phases: haemostatic, inflammatory, proliferative and
remodelling. It is worth noting, however, that some authors currently consider the haemostatic phase to
be part of the inflammatory phase.

This simplified categorisation incorporates a wide array of immune cells, signalling pathways and
chemical mediators, which contribute to the formation of a healed wound. When wounds penetrate the
full thickness of the skin, they always produce a scar.

The haemostatic phase is typically an immediate and short-lived phase, lasting only from seconds to
minutes. In response to injury, prostaglandins are released from endothelial cells and platelets, leading
to vasoconstriction. Collagen exposed in the damaged vessel walls is adhered to by platelets, which then
release chemoattractant substances that help to initiate the coagulation cascade. The result is formation
of a fibrin—platelet matrix, which functions to control haemorrhage, concentrate growth factors at the
site of damage and form the scaffold required for subsequent wound healing processes (Martin, 1997).
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The inflammation phase typically lasts between 3 and 5 days. It is important for limiting wound con-
tamination and induction of the proliferative phase of healing. Vasodilatation and increased capillary
leakiness occur, promoting delivery of nutrients and immune cells to the site of injury and thus causing
tissue oedema. The stimulus for this is provided by prostaglandins, kinins, histamine, serotonin and
bacterial components. Inflammatory cytokines and other mediators (e.g. platelet-derived growth factor,
tumour necrosis factor a, interleukin-1) attract granulocytes to the site of injury soon after the injury has
occurred. Neutrophils act by phagocytosing debris and microorganisms. These actions are facilitated by
the release of proteases to break down damaged tissue and debris and the use of cellular reactive oxygen
species to eliminate pathogens. Other immune cells involved in this phase are macrophages, which are
terminally differentiated monocytes present in tissues. Monocytes migrate to the wound from local sites
to become macrophages within 24-48 hours of injury. Macrophages participate in phagocytosis and are
essential in the wound healing process via the release of growth factors. Regulation of the inflammatory
phase is important because overstimulation or prolonged stimulation can damage local tissues and, in
severe cases, can trigger the systemic inflammatory response syndrome. Conversely, insufficient inflam-
mation and failure to induce proliferation can lead to development of a chronic wound.

The proliferative phase begins soon after an injury and lasts between 4 days and 2 weeks.
Re-epithelialisation involves the migration of epithelial cells from the wound margins and other nearby
skin appendages. The purpose of this process is to cover the wound and re-establish an intact epithelial
barrier. Angiogenesis is stimulated by the low oxygen tension and high lactate levels typical of under-
perfused wound tissues. New vessels form under the influence of angiogenic growth factors and matrix
metalloproteinases degrade the extracellular matrix to facilitate passage of these vessels. Once vascu-
larisation is improved and the oxygen tension increases, the angiogenic stimulus is switched off and
apoptosis occurs. Fibroblasts migrate into the wound to supplement the provisional wound matrix by the
secretion of proteoglycans, glycosaminoglycans, collagen and other proteins. A number of fibroblasts

Table 1.1. The process of wound healing.

Phase Cellular and biophysiological events

Haemostasis Vasoconstriction
Platelet aggregation, degranulation, fibrin thrombus formation
Inflammation Neutrophil migration
Monocyte migration and differentiation into macrophage
Lymphocyte infiltration
Proliferation Re-epithelialisation
Angiogenesis
Collagen synthesis
Extracellular matrix formation
Remodelling Collagen remodeling
Vascular maturation and regression

Source: Guo and Dipietro, 2010.
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will be stimulated to differentiate into myofibroblasts, thus causing wound contraction, an essential
process that reduces the size of the wound.

The remodelling phase is the longest phase of wound healing, lasting up to a year after the injury.
Collagen is synthesised for about 5 weeks, initially in a disorganised fashion, and predominantly con-
sisting of type III collagen. Continued turnover produces stronger type I collagen, the fibrils of which
are laid down in a more organised arrangement affording greater strength. At 1 week, the wound has
3% of normal breaking strength, at 3 weeks 30% and at approximately 3 months after injury, strength
peaks at 70-80%.

4. WOUND MANAGEMENT

The fundamental principles of wound healing are essential in reconstructive surgery, regardless of the
procedure being conducted. These principles are:

B Comprehensive debridement of the wound
B Diligent infection control
B Provision of an adequate blood supply.

From a clinical perspective, wounds can heal in three ways:

B Primary intention — skin edges are directly opposed and good healing occurs with minimal scar
formation.

B Secondary intention — the wound is left open and closes naturally, usually via a combination of
contraction and epithelialisation.

B Delayed primary intention — the wound is left open for some time and then closed if it is found
to be clean. This is usually used when closing badly contaminated wounds to enable drainage of
infected material.

Management of wounds involves at the first stage a comprehensive assessment of both the patient as
a whole and the wound itself. Assessment of the patient should include a general health screen, focusing
particularly on the conditions and factors known to affect wound healing (see Table 1.2). In plastic sur-
gery, numerous wound assessment tools are used in different units. The DIME (Debridement, Infection/
Inflammation, Moisture balance, Edge of wound) model is one such tool, and is very useful in assess-
ing prognostic characteristics of wounds and assisting in the selection of suitable interventions such as
dressings.

4.1. Debridement

This assesses the need to remove any unwanted material from the wound. Unwanted material may

include necrotic or dead tissue, biofilms, senescent cells, foreign bodies or non-viable tissue (slough or
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Table 1.2. Factors affecting wound healing.

Local factors Systemic factors

Infection Age and sex
Foreign body Sex hormones
Poor oxygenation Stress
Venous insufficiency Ischaemia

Diseases: diabetes, keloids, fibrosis, jaundice, uraemia, obesity
Medications: steroids, NSAIDs, chemotherapy

Alcohol and smoking

Immunocompromise: cancer, radiotherapy, AIDS
Malnutrition

eschar). Slough usually has the appearance of grey or yellow, soft or stringy material, whereas eschar
is thick, leathery and either black or brown. Unwanted material within the wound is undesirable as it
(1) impedes wound healing by harbouring infection; (2) prevents healing from progressing past the
inflammatory phase; and (3) prevents wound contraction and re-epithelialisation.

There are five ways to debride wounds:

1. Autolytic

2. Mechanical

3. Enzymatic

4. Surgical/excisional
5. Biological/maggot.

Autolytic debridement occurs when macrophages and proteolytic enzymes cause separation and
liquefaction of non-viable tissue. Autolytic debridement can occur naturally or be produced by dressings
such as hydrogels, occlusive/semi-occlusive dressings (e.g. film/transparent dressings) or hydrocolloids.

Mechanical debridement uses physical force to remove necrotic tissue. Examples include hydro-
therapy, wound-scrubbing and wet-to-dry dressings. Caution should be exercised with this technique
because of the potential to debride healthy granulation tissue. Wet-to-dry dressings are moistened dress-
ings, which are applied to the wound and attach to the wound tissues on drying. On removal of the dried
gauze, the attached tissue (both necrotic and healthy) is debrided. As this method is non-selective and
frequently causes pain, it is generally seen as an unfavourable method of debridement.

Enzymatic debridement involves application of synthetic enzymes (e.g. collagenase) to the wound
bed to degrade bonds that link non-viable tissue to the wound (e.g. collagen).

Surgical/excisional debridement involves removal of non-viable tissue using scalpel, forceps, scissors
or laser.

Biological/maggot therapy debridement involves the use of sterile larvae, which are applied to the
wound. Secretions from these larvae selectively degrade necrotic tissue, reduce microorganism load and
promote granulation. One shortcoming is that maggots cannot penetrate hard, dry eschar.
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4.2. Infection and inflammation

The early stages of wound healing involve inflammation as a normal part of the process. This is char-
acterised by heat, redness, swelling and pain. Inflammation can also be indicative of a bacterial burden
anywhere along the spectrum of contamination > colonisation > critical colonisation > infection.

In contaminated wounds, low numbers of non-replicating bacteria are present. In colonised wounds,
replicating bacteria are present without stimulating an inflammatory reaction. In critically colonised
wounds, large numbers of bacteria cause delayed wound healing. Infection is caused by the invasion
of wound tissue by an even greater number of bacteria, which subsequently stimulate an inflammatory
reaction. The type and extent of infection is determined by the causative microorganism, its load and the
host’s ability to fight it. This information is commonly sought from wound cultures; however, the gold
standard in microbial analysis is tissue biopsy.

Non-healing and chronic wounds require multiple modalities of treatment for successful healing.
Within such wounds, physical barriers to healing are often found in the form of biofilms — variable col-
lections of bacteria within an extracellular polymeric, glue-like substance — which protect bacteria and
prevent their destruction by the immune system. In the management of such wounds, frequent debride-
ment, topical antimicrobials, antiseptics and systemic antibiotics have proven beneficial.

Debridement is generally thought to be the most important treatment to reduce the bacterial burden
because it removes dead tissue in which bacteria typically thrive and also assists in the removal of bio-
films, thus exposing bacteria to the immune system and external treatments.

The use of topical antiseptics is controversial because of the need to weigh up the advantages of its use —
wide spectrum of activity, general lack of bacterial resistance and low cost — against the main limitation —
collateral cytotoxic damage to healthy cells. Antiseptics function on the wound surface and do not penetrate
tissues; thus, current opinion is that they can be used for short periods of time in wounds with only little
healthy tissue at the wound bed if the goal is to reduce the bacterial burden. They should not be used on
clean wounds or to irrigate wounds. Commonly used topical antiseptics include povidone iodine (Betadine),
chlorhexidine, hydrogen peroxide, alcohol, sodium hypochlorite (Dakin’s solution) and acetic acid.

Topical antimicrobials are bacteriostatic and bacteriocidal against a number of microbes and are valu-
able because they do not harm healthy tissue. Examples include silver-containing products, cadexomer
iodine, manuka honey, and methylene blue and crystal violet combination. Several antimicrobial dress-
ings incorporate silver (e.g. sponges, foams, alginates and hydrofibres). Cadexomer iodine in dressings
absorbs exudate and particulate matter from the granulating wound surface and releases iodine into the
wound. For this reason, ointments, sheets or dressings containing cadexomer iodine are best suited for
wounds that are relatively exudative.

Topical antibacterials have limited use in clinical practice — partially because of resistance and sensi-
tisation reactions — and are generally used for only short periods of time (up to 2 weeks). Gram-positive
infections are often treated with mupirocin and gentamicin. Neomycin is effective against Gram-positive
and Gram-negative organisms but commonly causes sensitivity reactions. Metronidazole has antibacte-
rial, antiprotozoal and amoebicidal activity and is very effective against anaerobic bacteria, which often
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lead to offensive-smelling wounds. Further promise comes from the fact that its topical application is
not known to cause antibiotic resistance.

4.3. Moisture balance

In the 1960s, evidence emerged demonstrating the advantages of moisture in accelerating the wound
healing process. It is known that moist wounds demonstrate better granulation, tissue formation, angio-
genesis and epithelialisation, as well as obtaining wound contraction at an earlier stage. When managing
wounds clinically, it is important to remember that each is different and will have different require-
ments. Nonetheless, a useful model to guide general moisture management is based on the principle
aims of promoting a moist environment for healing while managing the detrimental effects of excess
exudate. Thus:

B [f the wound is too dry, add moisture.
B [f moisture is adequate, maintain it.
B If too wet, absorb moisture.

In this regard, most wound dressings are usefully categorised according to their effect on moisture.
Hydrogels, hydrocolloids, film dressings and continuously saline moist gauze typically maintain or add
moisture to wounds. Foams and alginates absorb moisture.

Whereas gauze is the most commonly used wound dressing, it requires significant management and is
therefore labour- and resource-intensive. For example, saline moist gauze must not be allowed to dry if
being used to donate moisture otherwise it will dry out the wound by osmosis. Thus, experts are advising
a shift toward more advanced dressings.

4.4. Edge of wound

In a healing wound, a healthy edge promotes migration of epithelial cells to form a pearly white exten-
sion of tissue across the wound bed (epithelialisation). The success of this process correlates with the
successful management of the previous three aspects of DIME. An unhealthy edge can occur when
there is failure of migration or when tissue beneath the wound edge is destroyed — a process known as
‘undermining’. Failure of migration can be caused by inadequate debridement, failure of cessation of
inflammation (consistently high protease levels degrade growth factors and extracellular matrix proteins
vital for migration) or, in more chronic wounds, by fibroblasts and epithelial cells becoming senescent.
Cells that remain at the edge and do not migrate can become hyperproliferative, leading to the appear-
ance of a hypertrophic, rolled (epiboly), calloused ‘cliff-like” edge. Problematic edges that impede the
healing process may require surgical evaluation and debridement, skin grafting or the use of biological
agents followed by diligent wound management.
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As such a vast array of wound care products is available, clinicians must familiarise themselves with
the functions and applicability of each. The selection of each type of product should be based on an
assessment of the wound bed.

4.5. Complex wounds

Systemic disease and malnutrition often complicate the wound healing process; special attention should
therefore be placed on correcting these problems (see Table 1.2). In malnourished patients (often iden-
tifiable by measuring albumin, prealbumin and electrolytes), providing nutrition and mineral supple-
mentation enterally or parenterally improves healing. Patients with intercurrent illness (e.g. diabetes
mellitus, liver or renal disease, malignancy, sepsis, immunosuppression) should be optimised as far as
possible. Correcting these issues also improves the efficacy of adjunctive wound treatment for complex
wounds.

4.6. Adjuncts to wound healing

4.6.1. Dressings

Dressings are important adjuncts to wound healing, providing a physical barrier to prevent entry of
microorganisms and affording protection against disruption of the healing wound. When deciding on a
suitable dressing for a specific wound, characteristics that need consideration include:

Permeability to microorganisms
Effect on wound bed moisture
Haemostatic activity
Adherence

Absorption

Antimicrobial activity
Debriding activity

Cost

Labour intensity.

Most surgeons advise their patients to keep their wounds dry in the first instance; however, this is
likely to be counterproductive because healing proceeds best in a moist environment (Janis, 2010).

4.6.2. Negative-pressure wound therapy

Negative-pressure wound therapy utilises a vacuum sponge dressing, which serves as an occlusive
dressing, increases blood flow to the wound, reduces oedema, reduces bacterial contamination and
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promotes contraction of the wound (Morykwas et al., 2006; Argenta and Morykwas, 1997; Morykwas
et al., 1997; Argenta et al., 2006). This technique is useful for large deep wounds with soft tissue at the
base (e.g. chest, abdominal, fasciotomy and perineal wounds); however, it is contraindicated in wounds
that contain freshly anastomosed blood vessels because it may cause disruption of the anastomoses (White
et al., 2005). Other structures such as intact blood vessels, tendons and bones are simply covered with
non-adherent gauze or foam sponge beneath the standard polyurethane sponge to provide protection.

Although clinical uses of negative-pressure therapy vary, it is very much considered a tool for prepar-
ing wound beds and accelerating healing, rather than a reconstructive modality in its own right. Data sug-
gest that wounds containing bone or poorly vascularised tissue which are treated with negative-pressure
therapy are still at a higher risk of infection and osteomyelitis if they are not promptly covered (e.g. with
grafts; Choudry et al., 2008).

4.6.3. Growth factors

Growth factors have shown the potential to increase the speed of healing of several types of wounds
including chronic wounds, diabetic foot wounds and pressure ulcers. Examples include platelet-derived
growth factor, platelet gels, epidermal growth factor and macrophage colony-stimulating factor.
Relatively few of these are frequently used at present but plenty of research is ongoing.

4.6.4. Hyperbaric oxygen

This treatment modality exposes patients to super-normal oxygen concentrations that cause vasocon-
striction, increased arterial oxygen pressures, stimulation of angiogenesis, fibroblast proliferation and
antibiotic synergy (Tibbles and Edelsberg, 1996). Hyperbaric oxygen is currently used in the treatment
of osteoradionecrosis and carbon monoxide poisoning. Complications include barotrauma, seizures and
worsening of congestive heart failure. Animal studies suggest a role in the treatment of chronic wounds
and in improving graft and flap survival (Friedman et al., 2006). However, a lack of human data, techni-
cal sophistication and the complication profile of hyperbaric oxygen therapy limit its clinical application.

5. HOW TO OBTAIN A FINE-LINE SCAR

A very common concern for patients undergoing surgical procedures is whether there will be a scar.
It is important to inform patients that whenever an incision is made or the full thickness of the skin is
injured, there will always be a scar. What is possible is to attempt to make the scar as inconspicuous as
possible by obtaining a fine-line scar. This can be difficult to ensure for all patients, however, because
several factors determine the final appearance of scars including the skin type and location on the body,
the direction in which the wound runs, patient factors such as local and systemic disease, surgical tech-
nique, and the amount of tension placed on the closure. There are also unexplained differences between
patients that sometimes make scarring different or problematic.
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In general, pigmented and oily skin types tend to produce more conspicuous and unsightly scars com-
pared with the thin, dry, less-pigmented skin seen in Anglo-Irish skin types.

Certain body areas also tend to produce less-sightly scars. Scars on the shoulder and sternum, for
example, are frequently hypertrophic or wide compared with eyelid scars, which are commonly incon-
spicuous fine-line scars.

Loss of skin elasticity with ageing produces wrinkling, which makes scars less conspicuous and less
prone to widening. In younger individuals, especially growing children, wounds heal faster but the
quality of the scar is not as high as in the elderly. Scars frequently appear red and wide and are prone to
changes in shape and size as the body grows. Scalp scars in small children therefore need consideration
when making incisions or facing closure of a wound.

Wounds closed under tension generally lead to less aesthetically pleasing results. Elliptical excisional
wounds also close with less pleasing results compared with simple incisional wounds because of the
lack of normal tissue between the closed ends. In some areas of the body (e.g. extensor surfaces or over
the heel), excisional wounds may require more tension than one would ideally apply to the closure,
again contributing to a less aesthetically pleasing scar.

Skin tension lines are topological lines first recognised by Dupuytren in 1834 and further assessed
by anatomist Karl Langer (Langer, 1861) after whom ‘Langer’s lines” are known. They reflect the nat-
ural orientation of collagen fibres in the dermis and are otherwise known as relaxed skin tension lines.
These are the same as wrinkle lines seen in older individuals and have a long axis perpendicular to the
long axis of the underlying muscles. When making incisions, one should aim to place the final scars in
parallel with the relaxed skin tension lines where possible in order to ‘hide’ the scar and obtain the most
aesthetic result. When a scar crosses the relaxed skin tension lines at a right angle, contraction leads to
puckering and a more conspicuous scar.

Other techniques employed to make scars less noticeable include hiding them at the junction of aes-
thetic units (e.g. at the junction of the lip and cheek, along the nasolabial fold). This is a perceptive
change that takes advantage of the fact that the eye expects a change in contour at these junctions.

Good surgical technique with minimal trauma to skin edges, diligent debridement and ensuring no
tension at closure are essential steps toward obtaining a fine-line scar. However, even with excellent
technique, scar formation can be unpredictable. Additionally, one should avoid leaving ‘railroad tracks’
by placing sutures that will not leave permanent marks and by removing sutures at the earliest oppor-
tunity. The latter point is the more significant because even if heavy-gauge sutures are used, prompt
removal can prevent unsightly scarring. Different units suggest different time frames for the removal of
sutures; however, in general, facial sutures can be removed after 3—5 days, and after up to 7 days in other
areas of the body. Sutures should remain in place for over a week only really for wounds over joints. In
many wounds, subcutaneous closure with steri-strips is usually sufficient to prevent dehiscence.

6. RECONSTRUCTIVE LADDER

Options for closing cutaneous or complex wounds are evaluated by starting with the simplest methods
and ascending the reconstructive ladder to more complex methods. A logical progression beginning with
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Free tissue transfer
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Skin graft
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Local tissue transfer

Figure 1.2. The reconstructive ladder.

primary closure, before proceeding to skin grafts, local flaps, regional flaps and finally microvascular
free flaps is adaptable for use in any reconstructive procedure. It is good practice to use the simplest
option that meets the reconstructive requirement in the first instance because it leaves open the opportu-
nity to try more involved treatments should this fail. There are, however, cases in which a specific tech-
nique higher up the ladder is more appropriate for a specific indication; under these circumstances, this
can be employed directly. For example, local flaps for nasal defects may be preferable to grafts because
of better aesthetic results.

7. WOUND CLOSURE

Wound closure is a fundamental skill in surgery and one in which plastic and reconstructive surgeons
must possess expert proficiency. As mentioned above, the skin provides the aesthetic definition of the
body and is also a major contributor to innate immunity, protecting our internal structures from environ-
mental hazards. Maintaining the integrity of the skin is thus crucial for the preservation of health; lack
of its maintenance invariably leads to significant morbidity and mortality through infection, heat loss,
fluid imbalance and direct damage to internal structures.

The most common method of wound closure is suturing. This practice is believed to date back to
ancient Egyptian times, when it was used to treat the living and also to prepare mummies for burial.
Other wound closure techniques include staples, skin tape and tissue adhesives. The decision regard-
ing which technique is used depends on the characteristics of the defect being closed and other cir-
cumstances that may affect closure of the wound or the health of the patient as a whole. For example,
insertion of skin staples is faster than suturing and is associated with a lower risk of infection and tissue
reaction. It is therefore often preferable when closing wounds to the trunk or lower limbs at the end of
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a long operation. Whichever technique is used to close a specific wound, the accurate approximation of
skin edges without tension leads to minimal scarring. Subdermal wounds are closed in layers with care-
ful suturing to produce a strong and secure closure. The aims of such closure are to eliminate dead space
and to provide enough strength to enable wound healing while preventing dehiscence. The strength of
closure required varies depending on the function of the particular body area being closed. For example,
as the scalp is not particularly mobile or regularly subjected to tension, it does not require as secure a
closure as the lower limb. To achieve the additional strength in the latter situation, one might decide
to close the individual layers separately, whereas this may not be necessary for closing other types of
wounds.

7.1. Suturing techniques

A key principle of suturing is ensuring the skin edges are everted. Everting the wound edges allows the
dermal edges (which constitute 95% of the thickness of the skin) to come into contact and heal together.
If the wound edges are not sufficiently everted, then the scar will widen and become depressed as the
wound heals. Eversion may initially produce a slightly raised closure; however, as healing occurs and
the wound spreads, the edge will flatten, leaving the best possible scar. The suturing technique used
for individual wounds is important to achieve optimal healing. Different wound closure techniques are
illustrated and described below.

7.1.1. Simple interrupted sutures

This is the most commonly used suturing technique, named because each suture is individually placed
and tied. The needle is first introduced into the skin at a 90° angle and then advanced through the dermis
and out via the opposite dermal and epidermal layers using a rotational wrist movement. The angle of
introduction causes the suture to be wider at its base in the dermal layer than at its entry and exit points
in the epidermis. When seen in cross-section, this gives the suture a triangular appearance and leads
to eversion of the skin edges. The sutures are usually placed 1-2 mm from the edge of the wound and
approximately 5-7 mm from each other. Simple interrupted sutures are particularly useful if there is
concern about the cleanliness of a wound. If any part of the wound looks suspicious for infection, the
relevant sutures can be removed without disrupting the entire closure.

7.1.2. Simple continuous suture (over-and-over)

This variation of the simple suture can be inserted rapidly. However, it lacks the precision of the simple
interrupted suture. For a desirable result with this technique, the wound edges often need to be approxi-
mated to a degree before insertion. This suture is useful for closing scalp wounds.
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Figure 1.3. Simple interrupted sutures.

Figure 1.4. Simple continuous sutures.
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Figure 1.5. Mattress sutures: horizontal (left) and vertical (right).

7.1.3. Mattress sutures

Mattress sutures are useful when eversion of the wound edges may be difficult. Horizontal mattress
sutures are frequently used in areas with thick glabrous skin, such as the hands and feet. Vertical mat-
tress sutures are often used where simple sutures are unlikely to successfully produce sufficient eversion
of the skin edges. Mattress sutures can often lead to unsightly cross-hatching across the wound scar
(railroad marks). However, early removal of the sutures can circumvent this.

7.1.4. Subcuticular (intradermal) sutures

This technique is useful for closing wide or gaping wounds and when there may be difficulty everting
the skin edges. These buried sutures approximate the dermal layers, thus providing strength to the clo-
sure and enhancing healing. In this stitch, the knot is buried (i.e. does not emerge through the epidermis)
to prevent it causing pain and irritation and affecting wound healing. This suture is placed using a cut-
ting needle and absorbable suture material.

7.1.5. Half-buried horizontal mattress sutures (corner stitch)

This technique is commonly used to approximate angled skin flaps or corners without compromising
the blood supply to the tissue tip. It also produces an aesthetically pleasing closure with all knots on one
side of the suture line, leaving no suture marks on the opposite side. For this reason, it is often used when
resetting the areola in breast reduction because it leaves all suture marks on the dark, texturised areola
rather than on the skin of the breast.
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Figure 1.6. Subcuticular suture.

7.2. Other closure techniques

7.2.1.  Skin staples

The use of skin staples enables rapid closure of wounds. They are often used for long wounds or as a method
of positioning a flap before suturing. The wound edges are everted using forceps. Staples are associated with
prominent scars and so should be removed as soon as possible. They are often used on the scalp.

7.2.2. Skin tapes

Skin tapes are useful for approximating wound edges. However, they do not evert the skin edges and
sometimes require buried sutures to align the dermal layers and produce eversion. They are commonly
used in the hospital emergency department for closure of small, minor wounds and after removal of
sutures to provide additional strength.

7.2.3. Skin adhesives

Skin adhesives bind the superficial skin layers. They are useful where there is no tension on the closure
or where dermal sutures have been placed to reduce tension across the wound. They do not evert the skin
edges and so rely on sutures to provide this.



20 TEXTBOOK OF PLASTIC AND RECONSTRUCTIVE SURGERY

8. SKIN GRAFTING

A skin graft is a portion of epidermis along with some or all of the dermis which is used to close a defect
not amenable to primary closure. Skin grafting is thus a means of reconstructing defects in the skin,
regardless of the cause. As with all grafts, the tissue used has no vascular supply of its own and depends
on obtaining vascularisation from the bed into which it is placed.

The principles of harvesting and transplanting skin date back up to 3000 years to the Hindu Tilemaker
Caste. During this period, skin grafts were used to reconstruct the amputated noses of punished crimi-
nals. Today, its commonest use is for reconstruction after the surgical removal of skin cancers. Other
uses include providing cover for chronic ulcers, replacing tissue lost in full-thickness burns and hair
restoration in patients with alopecia.

Skin grafts are categorised according to the proportion of the dermis included: split-thickness skin
grafts do not contain the whole dermis whereas full-thickness skin grafts do.

Transfer of skin appendages occurs with grafting; however, the degree of function of these append-
ages depends on the thickness of the graft used. Using sweat glands as an example, for grafted skin to
maintain the ability to sweat a sufficient number of sweat glands need to be transferred, and these glands
require sympathetic innervation. As sweat glands are of dermal origin, a graft containing a greater
amount of dermal tissue is more likely to contain a significant number of sweat glands. In addition, as
reinnervation of grafted tissue is reliant upon ingrowth of nerve fibres from wound margins and the graft
bed and upon access of these fibres to neurilemmal sheaths, full-thickness grafts — which provide greater
accessibility to these sheaths — lead to a greater extent of innervation.

The graft can be meshed or
fenestrated

Graft is taken from Graft is stitched in place to
patient’s healthy skin at cover the wound
the donor site

Figure 1.7. The skin grafting process.
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Full-thickness skin grafts also transport hair follicles and typically grow the hair of the donor site. In
contrast, split-thickness skin grafts are typically hairless.
Some terminology relevant to the understanding of different graft types follows:

B Autograft — a graft taken from one part of an individual’s body that is transferred to a different part
of the body of that same individual.

B [sograft — a graft from a donor that is genetically identical to the recipient (e.g. identical twins).

B Allograft — a graft taken from one individual that is transferred to another individual of the same
species.

B Xenograft — a graft taken from one species that is transferred onto an individual of a different
species.

8.1. Graft take

Grafft take is the process by which skin grafts become incorporated into the host bed. The success of a

graft is determined by how quickly and comprehensively the tissue can be perfused. Two qualities of a
skin graft that determine its take are:

1. The blood supply of the skin from which the graft was harvested
2. How metabolically active the graft tissue is at the time of application.

A graft taken from well-vascularised donor sites typically take better than those taken from poorly
vascularised areas.

As there is an inevitable period of ischaemia between graft harvest and take, the metabolic activity of
the tissue determines how well it will tolerate this period. Those grafts that do not tolerate the ischaemic
period well are less likely to survive.

Graft take occurs in three phases over approximately 6 days:

1. Plasmatic imbibition
2. Inosculatory phase
3. Capillary ingrowth.

8.1.1. Plasmatic imbibition

Although general consensus on the exact significance of plasmatic imbibition to graft take is yet to
be reached, the general purpose of this phase is to bridge the period from ischaemia to the establish-
ment of a vascular network capable of perfusing the graft. During this period, which lasts 24—48 hours,
fluid migrates from the bed into the graft, adding up to 40% to its weight. This process is analogous to
inflammatory oedema with increased ‘capillary leakiness’ and the accumulation of osmotically active
metabolites.
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The period of ischaemia varies between grafts but is essentially determined by the proliferative state
of the wound bed at the time of graft application. Grafts used to cover fresh wounds are generally ischae-
mic for approximately 48 hours; however, grafts applied onto proliferative wound beds are ischaemic
for only 24 hours. For the same reason, grafts applied to poorly vascularised beds are typically ischae-
mic for a greater duration than those applied to well-vascularised wound beds. Tolerance of the ischae-
mic period is influenced by the thickness of the graft, with thinner grafts demonstrating greater tolerance
and take than thicker grafts.

8.1.2. Inosculation and capillary ingrowth

After approximately 48 hours, a vascular network is established in the fibrin layer between the graft
and the recipient bed by contact between capillary buds in the bed and vessels within the graft. These
‘kissing’ vessels form patent channels enabling blood flow and thus perfusion of the skin graft. Various
schools of thought exist regarding whether the final vascular network actually involves grafted vessels
or whether in fact most functional vessels grow into the graft from the wound bed. Regardless of which
theory is correct, proper blood flow to a graft usually takes between 4 and 7 days to establish and is
clinically identified by pink colouration of the graft.

8.2. Graft healing

Immediately after harvesting, the skin graft is white and, as previously described, it gradually becomes

pink over the days following its application to the recipient bed. Vascularisation can be clinically dem-
onstrated by assessing the capillary refill time: this shows blanching upon pressure, with a prompt return
of colour upon release. Another feature of grafted skin is its initial depression below the level of the
surrounding skin. This resolves within 2-3 weeks.

8.3. Graft contraction

Skin grafts begin to contract and shrink immediately following harvest. Contraction is an inevitable
consequence of skin grafting and typically occurs in two stages. Primary contraction occurs immedi-
ately after the graft has been removed from the donor site as a result of dermal elastin fibres. For this
reason, full-thickness grafts show a greater degree of primary contraction compared with split-thickness
grafts. Secondary contraction occurs when the graft has healed at the recipient site, presumably under
the influence of myofibroblasts. Split-thickness skin grafts (especially thinner grafts) tend to undergo
more secondary contraction compared with full-thickness grafts. It is possible to manipulate the degree
of graft contraction to an extent by changing the thickness and amount of dermis contained within the
graft. As the dermis inhibits contraction, the more of it is included, the less the graft will contract. Once
wound contraction is complete, it is possible for full-thickness grafts to grow, whereas split-thickness
grafts grow minimally, if at all. It is worth noting here that granulating wounds that heal by secondary
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intention demonstrates the greatest degree of contraction and are more prone to hypertrophic scarring
compared with either of the grafting techniques.

8.4. Graft reinnervation

Nerves grow into skin grafts from wound margins and the wound bed over varying time frames depend-
ing on the thickness of the graft and certain characteristics of the recipient site. Signs of sensory recov-
ery are evident as early as 4-5 weeks after grafting, with complete sensation returning within 1-2 years.
Infiltrating nerve fibres access neurilemmal sheaths on the graft tissue; the extent of these interactions
determines the extent of reinnervation achieved. Full-thickness grafts provide greater access to neuri-
lemmal sheaths compared with split-thickness grafts and therefore have better nervous reinnervation.

If healing is uneventful, two-point discrimination is relatively accurate. However, in many cases ther-
mal and pain sensation are not regained to the same extent. This is likely to be caused by a lack of sen-
sory corpuscle regeneration in grafted tissue.

8.5. Overgrafting

Dermal overgrafting is the application and ‘take’ of split- or full-thickness grafts on a bed of scar tissue
or dermis after the epidermis has been removed (Trimble, 1983). Advantages of this technique include
its simplicity, the preservation of subcutaneous tissues and the prospect of minimal tissue loss even if
the graft fails (Rees and Casson, 1966). However, incomplete removal of the epidermis may leave rem-
nants that can form cysts and granulomas. Overgrafting has been used effectively for the treatment of
unstable, depressed, corrugated or hypertrophied scars; unstable or hyperpigmented skin grafts; large
pigmented naevi (following excision of all pigment); and radiation skin damage and tattoos (Rees and
Casson, 1966).
Several techniques are used. Rees and Casson described the principles in 1966:

Removal of surface epithelium (e.g. with electric dermatome)
Preparation of the dermal bed (e.g. dermabrasion with a rotating abrader)
Haemostasis (e.g. electrocautery or haemostatic agents)

bl A

Harvest of split-thickness skin graft — the overgraft (e.g. with a precision drum dermatome).

8.6. (Graft failure

Good surgical technique is vital to improve the survival potential of skin grafts. Specific surgical factors

requiring meticulous care include:

B Atraumatic handling of the graft
B Preparing a well-vascularised scar and debris-free recipient bed
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Ensuring good haemostasis and removing accumulated blood before dressing the wound
Immobilising the recipient site post-operatively
Tourniquet use when harvesting and transferring the graft

Strict avoidance of constricting bandages proximal to the graft.

When preparing the recipient bed, one must ensure that it is clean, dead tissue is removed and an appro-
priate substrate is exposed (e.g. peritenon for tendon, periosteum for bone and endothelium for skin).

The most common cause of failure of skin grafts is haematoma. The haematoma effectively acts as a
physical barrier to revascularisation by keeping the endothelial buds away from the graft undersurface
(Flowers, 1970).

The second most common cause of graft failure is infection. It has been suggested that graft fail-
ure secondary to infection is caused by dissolution of fibrin by plasmin and proteolytic enzymes,
which are abundant in bacteria-infected wounds. Fibrin is central to graft survival via an adher-
ent action at the interface between the graft and the bed. One can avoid infection by ensuring the
wound bed is clean and well prepared, by using quilting sutures, permitting egress of wound fluids
by meshing or pie-crusting the graft surface, and by applying and frequently changing saline-soaked
dressings (Flowers, 1970). Other proposed methods include administering low-dose erythromycin
for 5 days post-graft, administering vitamin C and zinc for up to 10 days, and avoidance of alcohol
(Thornton, 2004).

Another complication of subjacent fluid is graft necrosis. Excess fluid accumulation can be avoided
by ensuring atraumatic tissue handling, cauterising lymphatics (which often cause seromas), minimis-
ing the use of diathermy in the graft bed and using light-pressure or vacuum-assisted closure dressings
(Flowers, 1970).

Necrosis may also be caused by applying excessive pressure to a fresh graft. It has been suggested
that 30 mmHg is the upper limit of pressure that may be applied. Tie-over dressings are useful in this
regard because they do not exert excess pressure on wounds yet are able to immobilise the graft, reduce
the dead space and prevent the formation of haematomas (Seymour and Giele, 2003). Other causes of
graft failure include arterial insufficiency, gravitational dependency, venous congestion, movement of
the area that creates shear forces, lymphatic stasis and surgical technique.

9. FLAPS

Flaps are units of tissue which maintain their own blood supply when transported from a donor to
recipient site. They are different from grafts, which are transferred without a vascular source and are
dependent on acquiring a blood supply from vessels at the recipient site. The spectrum of flaps ranges
from simple advancement flaps containing skin and subcutaneous tissue to composites which can con-
tain combinations of skin, fat, fascia, muscle and bone (Thornton, 2004). Flaps can be characterised by:

B Their component parts (e.g. cutaneous, musculocutaneous, osteocutaneous)
B Their relationship to the defect (e.g. local, regional, distant, free)
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B The nature of blood supply (random or axial)
B The requirement of movement for the flap to fill the desired defect (e.g. advancement, pivot,
transposition, interpolation).

The history of flap repair in plastic surgery dates back to 600 Bc, with nasal reconstruction using
cheek flaps documented by Sushruta Samita (Thornton, 2004). These were rotation flaps, which involve
moving skin to an adjacent area by twisting or rotating a pedicle. Advancement flaps, which do not
involve any torsion of the base, were first described by the French. Distant pedicled flaps, which involve
movement of tissue to a remote site, were originally described in Italian Renaissance literature.

Flaps are usually required to cover poorly vascularised recipient beds and vital structures; for recon-
structing the full thickness of cheeks, nose, ears, lips and eyelids; and for padding bony prominences
(Thorne, 2007). They are also useful when a future operation through the wound may be required to
repair underlying structures. Muscle flaps can provide motor function to a defect and can be used as
a means of controlling infection in the recipient area, as demonstrated by reduced numbers of viable
bacteria and increased oxygen tension beneath these flaps compared with random flaps (Gosain et al.,
1990). Flaps are also useful for their ability to confer more pleasing aesthetic results to certain defects.
For example, defects left following excision of cutaneous or nasal cancers can be repaired with grafts;
however, these leave more visible patches. Although more invasive, repairs using flaps are usually more
pleasing in the long term.

Skin flaps comprise skin, subcutaneous tissue and their native blood vessels, which are transferred
from one part of the body to another. Comprehensive planning of any flap is essential, with all possible
sites and orientations requiring careful consideration.

Local skin flaps can be used to close defects or wounds adjacent to the donor site. Local flaps are
subclassified according to the mechanism of movement into:

B Flaps that move in the direction of the long axis of the flap (V-Y, Y-V, single pedicle and
bipedicle flaps).
B Flaps that pivot around a point (rotation, transposition and interpolation flaps).

Distant flaps use tissues from donor sites remote to the site of the defect. Distant flaps are subclassi-
fied into (Thorne, 2007):

B Direct flaps
B Tube flaps
B Free flaps.

9.1. Local flaps

Advancement flaps are formed by sliding donor skin longitudinally over defects. This can be achieved
by simply stretching it along the long axis, with or without excising Burow’s triangles laterally, which
equalises the length of the flap and the adjacent wound edge (Suzuki et al., 1996).
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Defect

Burow's Triangle

Figure 1.8. Advancement flap.

9.2. Flaps rotating about a pivot point

Rotation flaps are semicircular tissue flaps which are rotated about a pivot point into the defect to be
closed. The donor site is subsequently closed by sutures or with a skin graft. Methods used to facilitate
rotation along the arc of the flap include back-cutting at the pivot point along the base of the flap and
excising a Burow’s triangle at the external aspect of the pivot point. Back-cutting helps to release tension
in flaps that are too tight along their radius; however, this should be done with caution because it reduces
the blood supply to the flap.

Transposition flaps are square or rectangular pieces of skin and subcutaneous tissue which are rotated
about a pivot point into an immediately adjacent defect. The donor site is closed by sutures, a skin graft
or a secondary flap using the most lax skin at right angles to the primary flap (e.g. bilobed). As the effec-
tive length of the flap shortens with the degree of rotation, it is important to ensure that it is longer than
the defect to be covered. The crucial measurement in this regard is the line of greatest tension, which is
a line from the pivot point to the most distal part of the flap.

Rhomboid (Limberg) flaps are transposition flaps designed for parallelogram-shaped defects with
sides of equal length and two angles of 60° and two of 120° (e.g. as created during excision of skin
lesions). These angles, however, may be modified based on the shape of the defect or lesion to be filled.
As many as four flaps can be raised from each rhomboid: the choice is made based on the location of
the resultant scar, vascular supply to the flap and laxity of the skin (Chasmar, 2007). Limberg flaps are
versatile flaps that are widely applicable for full-thickness defects anywhere on the body. They can be
carried out safely with good cosmetic results because they fill defects with tissue of the same colour and
thickness, with good vascular supply (Chasmar, 2007).
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Figure 1.10. Transposition flap.

Z-plasty is a useful technique with many applications in plastic surgery such as revising and redirect-
ing existing scars and lengthening scars in the setting of scar contracture by recruiting lateral tissue. The
technique is a variation of the transposition flap in which two triangular flaps are reversed and rotated by
90°. The technique involves three limbs of equal length — two parallel lateral limbs, joined obliquely by
a central limb — with equal angles between each of the lateral limbs and the central limb. These angles
can vary from 30° to 90° depending on the increase in length required; however, 60° is the classic angle
and provides a theoretical 75% increase in length in the direction of the central limb. Very acute angles
increase the risk of tip of flap necrosis, whereas broader angles make for more difficult rotation. It is
important to note that the theoretical gain in length does not account for mechanical properties of the
skin and always overestimates the actual gain. The central limb that results from the flap transposition
will be perpendicular to the original central limb. Therefore during planning (e.g. for scar revision) one
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Figure 1.11. Limberg flap.

Figure 1.12. Z-plasty.

must design the flap with the resulting central limb lying in the direction of the skin lines. To ensure this,
the central limb is selected first and then the Z-plasty is designed.

Lengthening of the skin in a desired direction (e.g. to release scar contractures) is commonly pro-
duced by Z-plasty. Multiple small Z-plasties can be designed in series to release a contracture or to
break up the appearance of a straight line. This technique is especially useful in aesthetically important
areas such as the face where large Z-plasties are not favourable. Other applications for Z-plasty include
the correction of congenital skin webs, improvement of U-shaped (‘trapdoor’) scars and lengthening of
circumferential scars, especially constricting scars.

W-plasty is a less common method of scar revision based on the principle of excising the scar in sev-
eral small interdigitating triangles in order to change the direction of the linear scar. It is less commonly
used than Z-plasty because it is less versatile and does not confer the same ability to position the result-
ant scar along skin tension lines. However, both types of flaps are able to increase the elasticity of a scar
via producing an accordion-like arrangement. This can be important, for example, in restoring facial
expressiveness. An important limitation to these techniques is that they often significantly increase the
length of scars, which can worsen their appearance.
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Island Flap
Pedicle

Figure 1.13. Interpolation (Littler’s) flap.

Interpolation flaps rotate around a pivot point to fill a defect that is near to but not adjacent to the donor
site. For this to occur, the flap pedicle needs to pass over or under the intervening tissue. This pedicle sup-
ports the flap in the recipient defect until inosculation and neovascularisation occur at the recipient site
(Mellette and Ho, 2005). It is then released. Interpolation flaps are useful for reconstructing large or deep
defects where adjacent local sites are unable to supply sufficient tissue for repair. The main disadvantage
is that it is a two-stage process involving creation of the flap and then release of the pedicle.

9.3. Distant flaps

Distant flaps are made when donor and recipient sites are not close to each other. They are required when
there is insufficient healthy soft tissue adjacent to an open wound to provide sufficient coverage. There
are two types of distant flaps: direct (attached) and free.
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Direct distant flaps are made by attaching tissue from the donor site to the open recipient wound, with-
out first disconnecting it. For example, some open hand wounds require coverage and skin on the chest
is often a suitable donor. Therefore, the hand is initially attached to the chest, with a flap of tissue from
the chest wound providing coverage. The donor site is then covered by a skin graft.

Attached distant flaps initially derive their vascular supply from the pedicle while inosculation and neo-
vascularisation from the recipient site occurs. Once this is complete, the pedicle is divided and the flap sur-
vives with its new vascular supply. Examples of direct flaps are the chest, thenar, cross-leg and groin flaps.

Free flaps are axial flaps (i.e. they receive blood supply from a recognised artery or group of arteries)
which have their vascular pedicle detached from the donor site before being transferred to the recipient
site and anastomosed microsurgically to vessels at that site. Direct flaps are less technically demanding
for the clinician; however, they are more impractical, inconvenient and labour-intensive.

To anastomose the vessels when performing a free flap, one requires a microscope, tiny suture mater-
ial (8-0, 9-0 nylon) and small, delicate instruments. Although they are long procedures, free flaps prod-
uce remarkable results, with over 90% success rates documented in most clinical series (Khouri, 1992).
Indications include post-mastectomy breast reconstruction, tongue or jaw reconstruction after ablative
oncologic surgery and coverage of open ankle fractures with loss of soft tissue.

An in-depth discussion about the array of free tissue transfer techniques at the disposal of the recon-
structive surgeon is beyond the scope of this chapter. However, it is important to know the principles
involved and to understand the influence of vascular supply in determining the options available.

9.3.1. Cutaneous flaps

Flaps were previously classified by McGregor and Morgan (Zoltie et al., 1990) as random or axial. This
classification is based on the arrangement of blood vessels supplying nutrition to the tissues. Random
flaps are supplied by the subdermal plexus, which in turn is supplied by direct cutaneous (axial), mus-
culocutaneous or fasciocutaneous vessels (Griffiths, 1996). Random flaps are traditionally subject to
the 3:1 rule: for optimum circulation, the flap length should be no more than three times its width;
and for large flaps, delay procedures (which are designed to enhance flap circulation, thus ensuring
survival after advancement, transposition or transplantation) are required. This rule has since been chal-
lenged: the more recently proposed mechanism of survival is dependent on the means of vascularisation.
Axial flaps contain a specific (named) direct artery or group of arteries within the longitudinal axis of
the flap. Classification systems applicable to all cutaneous flaps have been created based on knowledge
of fasciocutaneous perforator anatomy (Nakajima et al., 1986; Daniel and Kerrigan, 1979).

Cormack and Lamberty (1984a,b) classified skin flaps as direct cutaneous, fasciocutaneous or mus-
culocutaneous based on their vascular anatomy rather than their tissue components. Skin flaps are based
on the fasciocutaneous plexus — a single vascular network present in subcutaneous tissue throughout
the body (Nakajima et al., 1986). This plexus includes component parts of the sub-, intra- and supra-
fascial vascular plexuses, which supply the dermal, subdermal, superficial and deep adipofascial layers
(Nakajima et al., 1986; Thornton, 2004). The fasciocutaneous plexus receives its vascular supply from
perforating vessels that either pierce the deep fascia directly or pierce muscles or intermuscular septa.
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Perforators were defined by Hallock (2003) as any vessel that enters the suprafascial plane through
a fenestration in the deep fascia, regardless of its origin. Flaps supplied by isolated perforator(s) are
known as perforator flaps (Blondeel et al., 2003a,b).

Nakajima et al. (1986) divided skin flaps into five groups, based on their pattern of vascularisa-
tion: cutaneous, fasciocutaneous, adipofascial, septocutaneous and musculocutaneous. All skin flaps
receive their vascular supply from perforating vessels to the fasciocutaneous plexus. Fasciocutaneous
flaps are subdivided into six groups based on the deep fascial perforator system.

9.3.2. Perforator flaps

Perforator flaps are typically composed of skin and subcutaneous tissue supplied by a deep fascial
perforating vessel. Perforator flaps enable reconstruction with the tissue types that are most frequently
missing: skin and subcutaneous fat. There are several potential perforator flap donor sites and flaps from
these sites are often able to incorporate muscle, fat and bone. Perforators pass from their vessel of origin
to the flap tissue either through or between deep tissues (predominantly muscle; Blondeel et al., 2003a).
Three different types of perforator vessels are recognised:

1. Indirect muscle perforators — give rise to musculocutaneous perforator flaps
2. Indirect septal perforators — give rise to septocutaneous perforator flaps
3. Direct cutaneous perforators.

Where one perforator supplies a perforator flap, the flap is named after the nutrient vessel, not the
underlying muscle. In areas where multiple perforator flaps can be raised from a single vessel, each
flap is named after its muscle or anatomic region (Blondeel et al., 2003a). Examples include those flaps
based on the lateral circumflex femoral vessels, e.g. anterolateral thigh flap and tensor fasciae latae
perforator flap.

Advantages of perforator flaps include (Geddes et al., 2003):

B Reduced donor site morbidity because neither a passive muscle carrier nor the underlying fascial
plexus are necessary for flap survival.

B Muscle sparing, therefore the functional deficit is reduced.

B Ability to design flaps of varying sizes and thickness to improve the aesthetic result.

B Improved post-operative recovery.

Reduced donor site morbidity has been described in studies comparing the outcomes of deep inferior
epigastric perforator (DIEP) flaps (muscle-sparing) and transverse rectus abdominis musculocutaneous
(‘TRAM’) flaps (Blondeel et al., 1997; Futter et al., 2000; Kaplan and Allen, 2000; Kroll et al., 2001a,b;
Nahabedian et al., 2002). The versatility of perforators is due to their large cutaneous territories, long
pedicles which allow conventional and free transfer, the potential to be harvested as sensate or com-
pound flaps and the ability to be thinned to the subdermal plexus (Kimura, 2002; Kimura and Satoh,
1996; Hyakusoku and Gao, 1994). These properties also make perforator flaps ideal for reconstructing
soft tissues in areas where it should be thin and pliable, e.g. head and neck.
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Disadvantages of perforator flaps include (Chen and Tang, 2003; Kimata et al., 1998; Nahabedian
etal.,2002):

B Long duration and meticulous dissection of the pedicle.
B Variability of perforator location, size and anatomy.
B Greater risk of fat necrosis than with musculocutaneous flaps.

Taylor and Palmer identified 374 perforators with diameters greater than 0.5 mm, all of which supply
cutaneous territories suitable as flaps (Taylor and Palmer, 1987, Taylor, 2003). The commonest perfora-
tor flaps in use are the DIEP, anterolateral thigh perforator, superior gluteal artery perforator and the
thoracodorsal artery perforator. Essential characteristics of a potential perforator flap donor site include
a reliable blood supply, one or more large perforators (>0.5 mm in diameter), pedicles of sufficient
length for the anastomosis required (unless being used as a pedicled flap) and the ability to be closed
primarily after harvest (preferably).

9.3.3. Fasciocutaneous flaps

Following characterisation of the vascular anatomy of muscle and the musculocutaneous system, vas-
cular pedicles that emerged between muscles and entered the deep fascia were identified. This finding
enabled the elevation of flaps of skin with their deep fascia.

Fasciocutaneous flaps (originally called axial flaps) include skin, subcutaneous tissue and the under-
lying fascia. Vessels supplying these flaps arise at the flap base from musculocutaneous perforators or
from the branches of major arteries. Perforating vessels pass along fibrous septa between muscle bellies
or compartments. They then spread out and form plexuses at the level of the deep fascia, and branches
from this point supply the skin. Schafer (1975) identified three main vascular systems of the deep fascia:

1. Perforating arteries from underlying muscle that give off several radiating branches that perforate
the fascia and then join the subdermal plexus.

2. Subcutaneous arteries within fat which anastomose with each other and with the superficial plexus
of the deep fascia.

3. Subfascial arteries which arise from the intermuscular septa, run in the loose areolar tissue
underneath the deep fascia and then join the deep and superficial plexuses.

Fasciocutaneous flap pedicles consist of an artery and paired venae comitantes. Direct cutaneous and
septocutaneous pedicles have less variability in location compared with musculocutaneous perforators.

Cormack and Lamberty (1984a,b) created a classification for fasciocutaneous flaps based on their
vascular patterns:

Type A — Flaps supplied by multiple fasciocutaneous perforators, entering at the base of the flap and
extending longitudinally throughout the length.

Type B — Flaps with a single fasciocutaneous perforator of moderate size which is consistently present
in the same location.
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Figure 1.14. Cormack and Lamberty classification.

Type C — Flaps based on multiple small perforators which run between muscles along a fascial septum.
The flap includes the supplying deep artery.
Type D — Osteomusculofasciocutaneous flap, which includes portions of adjacent muscle and bone.

9.3.4. Musculocutaneous flaps

Musculocutaneous flaps are composites of skin, subcutaneous tissue, and the underlying muscle and
fascia supplied by a dominant vascular pedicle (Thornton, 2004). The first musculocutaneous flaps were
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Table 1.3. Mathes and Nahai classification.

Type Features Example
I Single vascular pedicle Tensor fascia lata
I Dominant pedicles and minor pedicles Gracilis
1II Two dominant pedicles Gluteus maximus
v Segmental vascular pedicles Sartorius
v Single dominant pedicle and secondary segmental pedicles Latissimus dorsi

used in 1906 by Tansini in a breast reconstruction procedure using skin and latissimus dorsi raised as
a single unit. Muscle flaps are advantageous because they fill the dead space with vascularised tissue,
which increases resistance to infection (Chang and Mathes, 1982). Increased blood flow through mus-
culocutaneous flaps and reduced bacterial concentration in the first 24 hours after flap elevation suggest
greater resistance to infection and better ingrowth into inoculated tissue compared with fasciocutane-
ous flaps (Gosain et al., 1990). Musculocutaneous flaps have been used successfully in the treatment
of osteomyelitis (Ger, 1977; Stark, 1946), infected prosthetic grafts (Mixter et al., 1989; Perler et al.,
1991), post-thoracotomy mediastinitis (Scully ez al., 1985) and chronic intrathoracic sepsis (Hammond
et al., 1993; Perkins et al., 1995).

The disadvantages of muscle and musculocutaneous flaps are donor site morbidity, functional defi-
cit and flap bulk. When designing these flaps, it is important to recognise the vascular architecture of
the muscle and the distribution of the cutaneous perforators that supply the skin. Mathes and Nahai
(1981) classified muscles as five types based on specific features of their vascular supply (Table 1.3 and
Figure 1.15). The determinant features were:

B Regional source of the pedicle entering the muscle

B Number of pedicles and their sizes

B T ocation of the pedicle relative to the origin and insertion of the muscle
B Arrangement of the intramuscular vessels.

Type I muscles receive their vascular supply from a single pedicle. Type II muscles receive theirs
from both a dominant and a minor vascular pedicle. This is the commonest vascular arrangement in
human muscle. When flaps are elevated from type II muscles, the minor pedicles are divided and the
larger dominant pedicle sustains flow to the flap. Type Il muscles have two large pedicles from separate
sources. The entire volume of the muscle can usually survive with only one of these pedicles, as occurs
when one pedicle is divided during flap elevation. This vascular arrangement allows the muscle to be
split; thus, part of the muscle can be used in a flap. Type IV muscles receive their vascular supply from
segmental pedicles which enter along the course of the muscle belly. Each pedicle supplies a segment of
the muscle. Division of three or more of these during flap elevation may result in distal necrosis. Type
V muscles receive their supply from a single dominant pedicle near the muscle insertion and second-
ary segmental pedicles near the origin. Both of these pedicles are capable of independently sustaining
circulation to the internal vasculature; therefore, flaps can be elevated on either.
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Type I Type IV Type V

Tensor fascia lata Gracilis Gluteus Maximus Sartorius Latissimus Dorsi

Figure 1.15. Mathes and Nahai classification.

10. CONCLUSION

Knowledge and application of the fundamental principles of plastic surgery empowers the surgeon with
a plethora of tools to aid the management of defects and the restoration of form and function. Through
research and understanding of anatomical, physiological and surgical principles, ongoing development
of treatment modalities will improve the spectrum of problems that can be overcome.
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Abdominal Wall Reconstruction

Ali Alhamdi, Shadi Ghali

1. INTRODUCTION

There are various types of abdominal wall defects, with various and sometimes overlapping manage-
ment options. Interventions can vary from simple coverage and contouring to reconstruction with
dynamic functional abdominal wall muscles (Garrido et al., 2013) depending on factors relating to the
defect, such as the type of tissue loss (skin, muscles or fascia), as well as factors relating to the size of
the defect and degree of wound contamination. Other considerations including patient factors are also
important, such as emergency versus elective presentation, patient co-morbidities and previous surgery.
Furthermore, treatment of the abdominal defects is based on the following factors:

B Mechanical forces contributing to abdominal hernia.

B Open wound management with conversion of fistulae to ostomies.

B Consideration of the patient’s general and nutritional status before definitive treatment of the
abdominal defect.

B Crucially important is the maintenance of blood supply of the skin rather than wide undermining
of the flap (Thorne et al., 2007, 2014).

B Tension-free apposition of tissue edges in every stage of abdominal wall repair.

2. ANATOMY AND ZONES

The abdominal wall consists of five layers (Agur, 2013; Figure 2.1):

1. Skin

2. Superficial fascia (superficial fatty layer, Camper’s fascia, Scarpa’s fascia)

3. Muscles and their aponeuroses — external oblique, internal oblique, transversus abdominis, rectus
abdominis and pyramidalis)

38
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Figure 2.1. Anterior abdominal wall layers.

4. Properitoneal fat
5. Peritoneum.

The abdomen is made up of five paired muscles (Weinzweig, 2010):

1. External oblique — arises from the lower eight ribs and interdigitates with the serratus anterior and
latissimus dorsi muscles. It inserts on the anterior half of the iliac crest.

2. Internal oblique — located deep to the external oblique and has fibres which course in an opposite
direction to the external oblique. It originates from the lumbodorsal fascia, anterior two-thirds of
the iliac crest and the lateral two-thirds of the inguinal ligament.

3. Transversus abdominis — this is the deepest and smallest of the muscles of the lateral abdominal
wall. It originates from the lower six ribs, the lumbodorsal fascia, the anterior two-thirds of the
iliac crest and the lateral third of the inguinal ligament.
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Figure 2.2. Blood supply to the anterior abdominal wall.

Rectus abdominis — this is a longitudinal muscle located in the medial aspect of the abdominal
wall. It arises from the front of the symphysis and pubic crest and inserts on the xiphoid process
and cartilage of the fifth to seventh ribs.

Pyramidalis muscle — this muscle is present in 80-90% of patients. It is a small triangular muscle
that lies superficial to the rectus muscle.

The blood supply of the abdominal wall can be summarised as the follows (Figure 2.2):

Thoracic and lumbar intercostal arteries — these travel between the external oblique muscles
anteriorly and the internal oblique muscles posteriorly, with direct lateral skin perforators.
Superior epigastric artery — the terminal branch of the internal mammary artery that supplies the
upper central abdominal skin through the upper rectus muscle.

Deep inferior epigastric artery — the branch of the external iliac artery that enters the lower rectus
muscle and supplies it and the accompanying vertical or transverse skin paddle.

Deep circumflex iliac artery — the branch of the external iliac artery that supplies the inner aspect
of the ileum and the skin over the iliac crest.

Superficial inferior epigastric artery — the branch of the femoral artery that supplies the skin and
subcutaneous tissue over the lower abdomen.

Superficial circumflex iliac artery — the branch of the femoral artery that supplies the skin and
subcutaneous tissue over the anterosuperior iliac spine.
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Figure 2.3. Abdominal vascular zones. Source: Huger et al. (1979).

7.  Superficial external pudendal artery — the branch of the femoral artery that supplies the skin and
subcutaneous tissue over the pubis.

Huger et al. described three vascular zones of the abdominal wall (Figure 2.3; Weinzweig, 2010):
Zone I (mid-abdomen) is supplied by the deep epigastric arcade
Zone Il (lower abdomen) is supplied by the external iliac artery
Zone IlI (1ateral abdomen) is supplied by the intercostal, subcostal and lumbar arteries.

2.1. Classification and aetiology

Abdominal wall defects can be classified as shown in Table 2.1:

B Simple versus complex
Congenital versus acquired
Emergency versus elective
Clean versus infected
Partial versus full thickness.
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Table 2.1. Abdominal wall defect classification.

Type Definitions/Examples

Simple Simple ventral hernia with small defect less than 6 cm amenable to direct repair

Complex Simple ventral hernia repair is not feasible because the defect is very large, there is
a concomitant infection or failed previous repair attempt, or if there is not enough
original skin to cover the repair (Leppidniemi and Tukiainen, 2013)

Congenital Gastroschisis, omphalocele

Acquired Infection, trauma, tumour resection, radiation wounds, postoperative defects
Emergency Acute traumatic wounds from blast injuries, perforating wounds and burn
Elective Incisional hernia, tumour resection

Clean Surgical wound after tumor excision, hernia repairs

Infected Necrotizing fasciitis, infected lapratomy wound, clostridial myonecrosis.
Partial thickness defect Involves one or more of the abdominal layers but not 5 all of them
Full-thickness defect Defect involves all the 5 abdominal layers

However, there is significant overlap between these classification types.
The most frequent causes of abdominal defect are:

Post-operative incisional hernia
Post-traumatic planned ventral hernia
Blast injury

Tumour resection

Massive infection

Radiation therapy

Congenital defect.

2.2. Reconstructive options

These include:

Direct repair

STSG

Vacuum-assisted closure (VAC) therapy

Component separation technique (CST) and/or mesh (locoregional flap)
Mesh without flap

Flaps (local, regional, distant and free)

Tissue expansion

Abdominal transplant.
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3. DEFECT APPROACH AND EVALUATION

There are numerous surgical options for individual cases, so each patient should be evaluated by taking
a complete history and physical examination. This is imperative to establishing the potential risks and
benefits of surgery for each individual patient.

Decisions regarding technique are based on an assessment of the overall clinical status of the patient,
the location and size of the defect, and the depth of layers involved, as well as the aetiology (Garrido
et al., 2013). Examination should focus on the degree of rectus diastasis, the potential for mesh place-
ment, the presence of active infection and the patient’s functional and nutritional status. In addition to
confirming the findings on physical examination, appropriate imaging studies will delineate the pres-
ence and location of hollow viscera, abdominal wall geometry, and the character, quality and exact loca-
tion of the rectus abdominis musculature (Koltz et al., 2013).

Investigations can be done for further assessment, including magnetic resonance imaging and com-
puted tomography scanning for evaluating the extent of tumour invasion and the integrity of potential
muscle or musculocutaneous flaps to be used in reconstruction. Colour flow duplex Doppler studies are
also used for vascular evaluation.

Important considerations include (Weinzweig, 2010):

Absolute versus relative loss of domain — is there an absolute loss of abdominal wall tissue that may
need to be replaced with local or distant flaps or is the defect relative in that the abdominal contents
are swollen leading to a temporary inability to close the abdominal wall?

Underlying disease process — acute or chronic wound? Reconstruction can proceed either immediately,
as in the case of tumour ablation or radiation, or in a staged/delayed fashion, as in the case of infec-
tion or trauma with contamination and/or visceral oedema.

Wound stability — ensuring that necrotic tissue has been adequately debrided.

Gastrointestinal fistula.

Location of the defect.

Reconstructive flap options by site can be summarised (Giele, 2008):

B Upper abdominal wall
o Superiorly based rectus abdominis musculocutaneous flap
o External oblique muscle and aponeurosis
o Extended latissimus dorsi flap
B Lower abdominal wall
o Tensor fascia lata flap
o Rectus femoris flap — may include a fascial extension (the ‘mutton chop’ flap) to enable reach
to the epigastrium
Inferiorly based rectus abdominis musculocutaneous flap
External oblique muscle and aponeurosis
Groin flap
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B Options appraisal
o Wound-specific — type of wound, presence of stoma or scars. These affect the vascularity and
nerve supply to remaining muscles and skin/fat
o Patient-specific — age, health and requirements of patient. Ability of patient to tolerate raised
intra-abdominal pressure, and hence raised thoracic pressures once the abdomen is closed.

4. SURGICAL PROCEDURES

This section will summarise different surgical procedures according to the cause, from the more to the
less common, with special emphasis on ventral abdominal wall hernia.

B Component separation (CS) +mesh
Mesh repair

Endoscopic assisted CS

Temporary abdominal closure (TAC)
Flaps — pedicled, free and combined
Tissue expansion

Abdominal wall transplant.

4.1. \Ventral abdominal wall hernia

The incidence of ventral hernias as a complication of abdominal operations is reported to be as high as
20% (Hoer et al., 2002).

In spite of recent advances in ventral hernia repair, the recurrence rate is reported to be as high as 60%
in the setting of primary repair alone (Gray et al., 2008). The most common indications for repair of
abdominal wall hernias are generalised pain (68.7%) and cosmesis (54.6%). Other indications include
concern about the risk of incarceration or strangulation and a massive or enlarging hernia (Garrido
etal.,2013).

The introduction of CS as a new technique by Ramirez et al. (1990) and advances in the availability
of biological mesh have both revolutionised the surgical management of ventral abdominal wall hernia.

4.2. Component separation

Ramirez et al. (1990) exemplified the separation of the overlapping anterior abdominal wall muscle for
large midline abdominal hernias with preservation of their innervation and blood supply. More accu-
rately, this can be described as elevation of the external oblique muscle in the vascular plane off the
internal oblique anteriorly through incisions along the external oblique aponeurosis lateral to the linea
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Separation of the external
obliqgue muscle
/ Release of rectal muscle \\
—

/ Myofascial approximation \

Figure 2.4. Component separation.

semilunaris, at the same time maintaining the neurovascular supply to the rectus, which travels in a
segmental fashion between the internal oblique and transversus abdominis muscle. The rectus abdom-
inis muscles can then be released from the posterior rectus sheath if further medialisation is required.
The midline myofascial approximation of compound flaps composed of rectus abdominis with attached
internal oblique/transverses abdominis is thus achieved (Weinzweig, 2010). A fascial defect up to 10 cm
wide at the upper abdomen, 20 cm at the waist level and 6 cm at the suprapubic level can be closed using
this method if the CS is performed bilaterally (Figure 2.4). It is important to emphasise that this tech-
nique is reserved for midline defects.

Wound complications with this technique are common because relatively large undermined skin flaps
are produced. The most common complications are haematoma, seroma and infection (in up to 40% of
patients; Bleichrodt et al., 2004)

This technique will reduce the incidence of re-herniation in complex ventral hernia repair by two- to
tenfold (Saulis and Dumanian, 2002).

4.2.1. Patient selection and evaluation

Koltz et al. (2013) identified a unified algorithm with improved outcomes which includes bilateral CS,
closure of the posterior fascia, preservation of the perforators, retrorectus mesh reinforcement or intra-
peritoneal, closure of the linea alba and aggressive tissue drainage (Figure 2.5).
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Patient approach algorithm of VAM

Patient selection

* No tobacco for 6 weeks prior to operation

e BMI reduction (optimally <30 m/kg?)

e Optimise immunosuppressive and steroid regimens
e Optimise comorbid conditions (COPD,DM)

A4

Operative plan

| Extra-peritoneal repair possible | | Extra-peritoneal repair not possible |
A4 A 4
| Retrorectus mesh reinforcement | | Intra-peritoneal mesh reinforcement |
A4 A
Non-
contaminated Contaminated field
field
Minimal . )
infection risk Infectious risk
factors factors (DM, etc.)
] \ il

Prosthetic mesh

reinforcement Biologic mesh reinforcement

Operative technique |

e separation of the component

e large perforators spared

e attempt closure of posterior fascia

e midline linea alba repair

e mesh reinforcement as per algorithm

e soft tissue drainage and quilting

e vertical panniculectomy of excess central tissue

Figure 2.5. Mesh positioning.

4.3. Mesh repair

Mesh reinforcement is a highly effective method used to decrease the recurrence rate of ventral hernia
(Sailes et al., 2010). There are two types of meshes: synthetic (e.g. Prolene, Marlex) and biological (e.g.
Alloderm, Surgisis, Permacol, Strattice, Surgimed). Synthetic mesh is more durable than biological
mesh, which is more resistant to infection and has a lower risk of tissue adhesion and enteric fistula.
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Table 2.2. Grading system for ventral hernia.

Grade 1 Grade 2
Low risk Co-morbid
e Low risk of * Smoker
complications e Obese
* No history of wound * Diabetic
infection e Immunosuppressed
» COPD

Grade 4

Grade 3

Potentially contaminated Infected

* Infected mesh
e Septic dehiscence

* Previous wound infection

e Stoma present

e Violation of the
gastrointestinal tract

COPD = chronic obstructive pulmonary disease.

Figure 2.6. Algorithmic approach for patients.

Decisions regarding synthetic versus biological meshes or open versus laparoscopic approaches are
guided by a number of complex considerations. Recently, the Ventral Hernia Work Group described a
novel grading system for ventral hernia by identifying the risk factors to developing surgical site occur-
rence with the objective of helping surgeons to select the most appropriate technique and mesh to opti-
mise outcomes and minimise complications (Table 2.2; Breuing et al., 2010).

Advances in mesh materials include the improvement of biomechanical properties, enhanced man-
ufacturing and the creation of anti-adhesive lamination in synthetic meshes (Baumann and Butler,

2012).
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A number of different locations for mesh placement have also been described, with some controversy
about the ideal position. The different locations include mesh onlay or an inlay (retrorectus or intraperi-
toneal; Figure 2.6).

Each location has its preferable indications and every patient has to be approached individually
because one size doesn’t fit all and the location of the mesh has proved to have a bearing on the outcome
of repair in terms of recurrence. The underlay or retrorectus mesh appears to be associated with a lower
recurrence rate, while the highest surgical site infection rate is associated with the interposition type or
‘bridged’ repair (Albino et al., 2013).

Recently, some surgeons have used fascia lata as a biological mesh and recommend its use to treat
grade II, III and IV surgical site infection, where the prosthetic mesh is contraindicated (Matros and
Disa, 2013).

4.4. Endoscopically assisted component separation technique:
minimally accessed surgery

This technique is performed by external oblique aponeurosis release with the aid of an endoscope and
balloon dissector inserted through small separate incisions. It has been shown to decrease the overall
wound complications by preserving the peri-umbilical rectus perforators and decreasing post-operative
wound dehiscence (Lowe et al., 2000).

4.5. Staged abdominal reconstruction and planned hernia repair/
temporary abdominal closure

TAC is necessary in the presence of critical illness or intra-abdominal catastrophe or when it is not pos-
sible to safely close the fascial layer primarily, as may occur in the setting of abdominal compartment
syndrome.

The indications for planned hernia repair are summarised in Table 2.3 (Leppédniemi and Tukiainen,
2013).

Table 2.3. Indications for planned hernia.

Re-explorations are no longer needed (in the short term)

Inability to reapproximate the retracted abdominal wall edges

Sizeable tissue loss

Risk of tertiary Abdominal Compartment Syndrome if closure attempted
Anterior enteric fistula

Inadequate infection source control

Poor nutritional status
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The aim of TAC is closure of the catabolic drain in the short term (Scott ef al., 2005) and prevention
of enteric fistula and bowel adhesion.

The approaches and techniques for TAC have developed over time: first-generation closure involved
the closure of skin by simple towel clips, ‘skin-only’ running sutures or, sometimes, plastic sheets.
Second-generation closure used negative pressure with a vacuum dressing to take off excess fluid
(vacuum pack dressing). Third-generation VAC developed later when negative-pressure therapy was
applied. The fourth generation was reached when mechanical pressure traction and temporary mesh
were combined with VAC therapy (Petersson et al., 2007; Acosta et al., 2011).

4.5.1. Enteric fistula

Enteric fistula is a major challenge in abdominal reconstruction. This needs a multidisciplinary special-
ist approach which is individualised to the patient (Leppédniemi, 2008). Management comprises three
major steps (Leppédniemi and Tukiainen, 2013):

1. Control of infection and systemic sepsis — this may be achieved by the primary repair of
intestinal defects or radiologically placed drains and/or colostomies/ileostomies. Once fistulae are
controlled and granulation tissue has formed, skin grafts can be applied and allowed to mature for
6—12 months.

2. Nutritional support, preferably enteral, to provide a good healing environment.

3. Reconstruction, which may be achieved in a single stage involving both gastrointestinal and plastic
surgeons, and carried out with or without CS and/or flap reconstruction depending on the defect.

4.6. Autologous flap for the abdominal wall: pedicled flaps

4.6.1. Tensor fascia lata

Tensor fascia lata is the flap of choice for abdominal wall reconstruction. It is an ideal option because it
is a dense, strong sheet of vascularised fascia and overlying skin (type I Mathes and Nahai musculocuta-
neous flap) supplied by the ascending branch of the lateral femoral circumflex artery that is transferred
as a single unit in a single stage with minimal donor morbidity. It is well tolerated in irradiated and con-
taminated fields. Sensation is provided because the lateral femoral cutaneous nerve (T12) is included,
and voluntary control is provided by the descending branch of the superior gluteal nerve. The donor site
is usually closed primarily unless the defect is >8 cm wide. The skin paddle can be safely taken about
5-8 cm above the knee; the distal portion is essentially a random pattern flap. The dominant pedicle (i.e.
the lateral femoral circumflex femoral vessels arising from the profunda femoris) pierces the medial
aspect of the flap 8—10 cm below the anterosuperior iliac spine. The wide arc of rotation allows the tip
of the flap to reach the ipsilateral lower chest wall and xiphoid, especially in a thin patient.
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Flap design
Greater
trochanter

Anterior border

Posterior border

Fibular head Lateral patella

Figure 2.7. Tensor fascia lata flap design.

The flap can be used to resurface the entire suprapubic region, lower abdominal quadrants or ipsilat-
eral abdomen (Figure 2.7).

4.6.2. Rectus femoris

This is an excellent option for reconstruction of the lower abdomen. It is a type II Mathes and Nahai
musculocutaneous flap with a dominant blood supply from the descending branch of the lateral circum-
flex artery and minor pedicles from musculocutaneous perforators located at the proximal portion of the
muscle. It can be used for a defect around the suprapubic region and extending to the contralateral antero-
superior iliac spine. Sensation can be maintained with the intermediate cutaneous nerve of the thigh.

It has been described as a functional flap with anastomosis to intercostal nerves for abdominal wall
reconstruction. Native innervation can be maintained and the vascular pedicle transferred to recipi-
ent vessels closer to the abdominal wall defect (e.g. deep inferior epigastric vessels; Figure 2.8;
Rosen, 2012).
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Inguinal ligament

Pedicle )
Rectus femoris
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Muscle flap only*
lazy ‘'S’ incision

Patella

Patellar tendon
release

Figure 2.8. Rectus femoris anatomy and flap elevation.

4.6.2.1. Extended rectus femoris flap (‘mutton chop’ flap)

This flap is used for the reconstruction of large full-thickness abdominal wall defects, including the epi-
gastrium, without prosthetic material. However, its main drawback is the loss of the muscle strength of
the thigh, resulting in a lack of full extension at the knee (Weinzweig, 2010).

4.6.3. Anterolateral thigh flap

This is a fasciocutaneous flap that includes the subcutaneous fat and fascia. It is a versatile flap that has
recently become popular because of its ease of dissection, durability, variability in composition and vol-
ume (Ting et al., 2010). The arterial supply is the descending branch of the lateral femoral circumflex
(1-3 mm in diameter and 7-8 cm length), which emerges through the space between the rectus femoris
muscle and the vastus lateralis muscle (Figure 2.9; Rosen, 2012).

The pedicled anterolateral thigh (ALT) flap is an ideal option for an extensive abdominal defect when
recipient vessels (for free flaps) are damaged from a previous operation or when there is a significant
potential for tumour recurrence (Joonchul Jang et al., 2013).
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A Antero Lateral Thigh flap B Antero Lateral Thigh flap
(ALT) flap design (ALT) flap elevation

Junction one-third
Vastus lateralis

Descending branch
of LCF vessels

Rectus femoris

Junction two-thirds

Figure 2.9. Anterolateral thigh flap: flap design.

4.6.4. Omental flap

The omentum, a double layer of fused peritoneum arising from the greater curvature of the stomach, is
supplied by the right and left gastroepiploic arteries. An omental flap can cover the whole abdominal
wall and perineum. It can be used with mesh and provides a good bed for a skin graft (Weinzweig,
2010). Full abdominal wall reconstruction can be uniquely achieved with a sandwiched omental flap,
skin graft and prosthetic mesh (El-Muttardi et al., 2005)

4.6.5. Rectus abdominis muscle flaps

This flap has a type III Mathes and Nahai pattern blood supply with two dominant vessels (superior and infe-
rior epigastric artery). It is widely used as a local or regional flap, a transverse rectus abdominis myocutane-
ous (“TRAM’) flap or a vertical rectus abdominis myocutaneous (‘“VRAM?”) flap and can be either superiorly
or inferiorly based for the superior half of zone I (superiorly based or advancement), the inferior half of zone
I (inferiorly based or advancement), zone II (superiorly based) or zone III (inferiorly based) (Greer, 2004).

However, a high incidence of abdominal hernias (3.9% of 206 patients) following the use of a TRAM
flap for breast reconstruction was reported (Rossetto et al., 2010).
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Inguinal ligament

Deep muscular
fascia

Sartorius

Figure 2.10. Groin flap design.

4.6.5.1.  Groin flap

This is a type A fasciocutaneous (Cormack and Lamberty pattern) flap with a direct blood supply from
the superficial circumflex iliac artery at the level of inguinal ligament. The flap design is shown in
Figure 2.10. It is a good option for treating a lower abdominal defect with primary closure of the donor
site (Rosen, 2012).

4.6.6. Vastus lateralis

This flap has a type I Mathes and Nahai pattern of blood supply and can be used as a muscle and mus-
culocutaneous flap (similar location to the ALT flap). The dominant pedicle is the descending branch of
the lateral circumflex femoral artery and vein. The long pedicle and a wide arc of rotation means that,
with the use of mesh, tension-free abdominal reconstruction and primary fascial closure can be achieved
(Figure 2.11; Lin, 2011).

4.6.7. Gracilis flap

This is a type II Mathes and Nahai flap supplied by the ascending branch of the medial circumflex femo-
ral artery (profunda femoris). Inferior pedicles are branches of the superficial femoral artery and vein. It
can be used as muscle or myocutaneous flap for lower abdominal wall reconstruction and groin; it can
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e

Figure 2.11. Pedicled vastus lateralis with mesh reconstruction of abdominal wall defects after tumour excision.
A. Abnormal wall; B. Vastus lateralis flap design; C. Vastus lateralis flap elevation; D. Final closure.

be harvested vertically or horizontally (Greer, 2004). It has been used for treating a large defect after
tumour extirpation (Staruch et al., 2012).

4.7. Tissue expansion in abdominal wall reconstruction

Tissue expansion is one of the available options for abdominal wall reconstruction commonly used for
treating congenital defects. However, it can also be used to treat other conditions such as giant con-
genital naevi, tumours, burn scar contracture, post-traumatic defects, and loss of skin and the fascial
domain following previous surgery or injury. Expansion can be applied to the skin. Regarding loca-
tion, expanders can be inserted just below the skin and subcutaneous tissue resting on the underlying
fascia to expand the skin layer alone. Other authors prefer to place the expander under the rectus
muscle or between the external and internal oblique muscle, which allows expansion of the external
oblique to provide a well-vascularised fasciocutaneous flap with wide range advancement (Rosen,
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Table 2.4. Indication of free flaps in abdominal wall reconstruction.

1. Immunocompromised patients and patients with previous failed reconstruction with
alloplastic materials resulting from infection or extrusion.

2. Contaminated or infected wounds in which the use of totally autologous tissue is preferred
and the defects are more laterally located such that local flaps would be inadequate.

3. Patients with large midline defects precluding the use of component separation or in cases
where the rectus abdominis and its fascia sheath are unavailable.

Source: Wong et al. (2009).

2012). In the case of congenital defects (e.g. omphaloceles), the expander can be inserted intraperito-
neally (Adetayo et al., 2012). Tissue expanders can also be used in staged abdominal wall reconstruc-
tion (Paletta er al., 1999)

4.71. Free flaps

Free flap options have a distinct role in patients with huge defects. Closure of these defects is provided
by a single-stage operation with difficult abdominal wounds when pedicled flaps are not appropriate
(Table 2.4; Wong et al., 2009).

4.7.1.1. Tensor fascia lata

This flap type has already been described.

4.7.1.2. Latissimus dorsi muscle or musculocutaneous flap

The latissimus dorsi muscle is the largest muscle in the body but it is quite thin (<1 cm thick). Itis a type
V Mathes and Nahai muscle with blood principally supplied by the thoracodorsal artery as the dominant
pedicle and secondary segmental pedicles from the posterior intercostal and lumbar artery. It provides
sufficient dynamic reconstruction of a full-thickness defect. The free latissimus dorsi offers a strong,
contractile option after innervation and training of the transferred muscle (Perdikis et al., 2011).

4.7.2. Combined free flap

A combination of more than one free flap can provide sufficient dynamic reconstruction of a full abdom-
inal defect (e.g. vastus lateralis and ALT flap by co-optation of the vastus motor nerve to the intercostal
nerve). This can also provide reconstruction of all components with a single flap and can decrease the
post-operative risk of hernia by providing long-term abdominal wall stability (Iida et al., 2013).
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Figure 2.12. Latissimus dorsi anatomy and free flap design.

4.8. Abdominal wall transplant

Abdominal wall transplant was introduced in the last decade for solid abdominal organ transplant
patients, in whom abdominal closure is difficult. In terms of immune rejection, Quigley (2013) described
a reliable model of full-thickness total abdominal transplant in rats. The patient must take immunosup-
pressive medication for their solid organ transplant; therefore, no additional medication is required
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if an abdominal wall transplant is performed in conjunction with solid organ transplant (Giele and
Vaidya, 2013).
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Skin Cancer for the Plastic Surgeon

Sophia Opel, Shadi Ghali

1. INTRODUCTION

Skin cancer is one of the most common types of cancer in the world and forms part of the daily expe-
rience of plastic surgeons. Therefore, it is imperative that clinicians are able to recognise clinical
features suggestive of malignancy. Skin malignancies can be broadly grouped into non-melanocytic
types of skin cancer (i.e. squamous cell carcinoma and basal cell carcinoma) and melanoma.

2. BASAL CELL CARCINOMA

Basal cell carcinoma (BCC) is the most frequently occurring form of all cancers in Europe, Australia
and the USA, and its incidence is increasing (Harris et al., 1990; Ko et al., 1994). It is not uncommonly
known as the ‘rodent ulcer’ and affects the basal cells of the skin, located in the deepest layer of the epi-
dermis. It is a slow-growing malignancy that predominantly affects Caucasians and rarely metastasises
(Lo et al., 1991; Ting et al., 2005), but has a high morbidity as a result of local invasion, often affecting
the head and neck (Meads and Greenway, 2006).

The commonest cause of BCC is exposure to ultraviolet (UV) light from the sun or even from sun-
beds, as well as genetic predisposition (Gailani et al., 1996); the most commonly affected areas are
sun-exposed sites (Roenigk et al., 1986, Karagas et al., 2002). Additionally, sun exposure at a young
age seems to be a significant contributory factor (Corona et al., 2001). Other factors that increase the
risk of BCCs are increasing age, fair skin, blonde or red hair, previous BCC, immunosuppression,
and a rare familial disease known as Gorlin syndrome (Gorlin, 2004). The risk factors are outlined
in Table 3.1.
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Table 3.1. Risk factors associated with BCC development.

Sun exposure (especially in childhood)
Age

Male sex

Fair skin types

Immunosuppression

Syndrome, e.g. Gorlin

Previous BCC

2.1. Diagnosis

A clinical diagnosis can be made by an experienced general practitioner, dermatologists or plastic
surgeons. A summary of the history and examination factors to be taken into consideration are listed
in Table 3.2. Tissue sampling may be required prior to definitive management when a histological
diagnosis would alter treatment or if the diagnosis is in doubt. Some patients may present with a
scab that bleeds occasionally and does not heal, whereas others may present with a nodule with a
pearly edge.

Investigations such as computed tomography or magnetic resonance imaging are indicated in cases
in which deep structure involvement is suspected, such as the orbits (Leibovitch et al., 2005b), nerves
(Williams et al., 2001), bone or parotid gland (Farley et al., 2000).

2.2. Histology

Histological subtypes include nodular, superficial and pigmented forms, as well as morphoeic, micro-
nodular, infiltrative and basosquamous. BCC cells have a high nucleus-to-cytoplasm ratio and therefore
have a deep blue appearance on microscopy.

2.3. Management

Management guidelines have been published by both the British Association of Dermatology and the
American Academy of Dermatology. Management, as for all cancers, should be guided by a multidis-
ciplinary team and depends upon patient wishes, co-morbidities and prognostic factors. It is important
that patients are treated as soon as possible. If left untreated, BCCs will continue to grow and can erode
the skin, hence the term ‘rodent ulcer’. Treatment is generally curative but can be complicated by local
invasion at the anatomical site, particularly if tumours have been neglected for a number of years.

Management can be broadly divided into non-surgical and surgical modalities. There are a number of
prognostic factors that allow clinicians to broadly group patients into those at a ‘high’ or ‘low’ risk of
recurrence; management depends upon which category the patient falls into, as well as patient factors
(Table 3.3).
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Table 3.2. Assessing the patient in clinic.

Age

Duration of lesion

Change in lesion/itching/bleeding

Risk factors including occupation, hobbies, sun exposure
Full past medical history

Drug history

Examination

Site

Change in size, shape, colour
Evidence of ulceration
Surrounding skin

Regional lymphadenopathy
Other suspicious lesions

Table 3.3. Prognostic factors for BCC.

Large tumour size

Tumour site (central face have higher risk of recurrence)
Poorly defined borders

Histology: subtype, perineural/perivascular invasion
Recurrence

Immunosuppression

Sources: Randle (1996) and Batra and Kelley (2002).

2.3.1. Non-surgical management

Non-surgical management is often the mainstay of treatment employed by dermatologists for low-risk

tumours, but is not appropriate for high-risk tumours. It is important to remember that some non-surgical

options do not supply the tissue required for a histological diagnosis.

Curettage, cautery and liquid nitrogen cryotherapy can cure BCCs if experienced clinicians choose the

appropriate lesion (i.e. low-risk, small, superficial BCCs; Spiller and Spiller, 1984; Barlow et al., 2000).
Additionally, the use of the topical 5% Imiquimod cream, an immune-response modifier, has been
demonstrated to histologically clear superficial BCCs 12 weeks after a 6-week treatment period (Geisse

et al., 2004). This treatment is not, however, without side effects such as erosion and ulceration.

Radiotherapy can also be used either as an adjuvant to surgery (for incompletely excised lesions) or
in patients unwilling or unable to undergo surgery (Al-Othman et al., 2001; Caccialanza et al., 2001;

Rio et al., 2005).
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Figure 3.1. Elliptical excision with pre-defined excision margins.

2.3.2. Surgical management

This involves excision of the lesion with predetermined margins (Telfer et al., 2008). It is an effective
treatment for BCC and has demonstrated a recurrence rate of <2% in 5 years in two clinical studies
(Walker and Hill, 2006; Griffiths et al., 2005). Additionally, the use of pre-operative curettage can
improve the cure rate by accurately delineating the borders of the tumour (Johnson et al., 1991). The
accepted predetermined margins of 3 mm for a small (i.e. <2 cm) well-defined lesion will offer an 85%
cure rate (Wolf and Zitelli, 1987; Kimyai-Asadi et al., 2005). Morphoeic and larger BCCs require a
greater excision margin; this is widely accepted as 5 mm.

2.4. Mohs micrographic surgery

Mohs micrographic surgery is a technique developed by Frederic Mohs in the 1940s and later refined
(Mohs, 1976). It has been used by a number of dermatologists, ophthalmologists and plastic surgeons
worldwide. It uses a technique that maximally preserves healthy, uninvolved tissue by combining sur-
gical resection in a staged manner, with horizontal sections examined by the histopathologist until all
traces of the tumour are excised. This procedure can be performed under local anaesthetic over a number
of hours or days. Table 3.4 summarises the indications for Mohs micrographic surgery.

2.5. Follow-up

The ideal follow-up period for BCC is uncertain; however, it is clear that those who have had one recur-
rence are at high risk of another. In studies examining UK practice with regards to follow-up, a recur-
rence rate of less than 2% over 2 years was found. Additionally, new malignancies were detected in 6.3%
of patients in the second year of follow-up (Motley et al., 2003). Patients should therefore be seen for
3 years in order to detect recurrence or new lesions before being discharged with self-examination advice.
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Table 3.4. Indications for Mohs micrographic surgery.

Tumour site: central face/eyes/nose/lips/ears
Large tumour

Histological subtype

Poor clinical definition of margins
Recurrent lesions

Perineural or perivascular involvement

Source: Telfer et al. (2008).

3. SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma (SCC) is the second most common type of skin cancer in the UK, and its inci-
dence is rising (Marks, 1996; Gray et al., 1997). It is a cancer of the epithelial cells of the epidermis of
the skin and is also linked to long-term UV light exposure (Karagas et al., 1996, 2002) and (unlike BCCs)
can develop in ‘normal’ skin or in skin previously damaged by burns (Chowdri and Darzi, 1996), ulcers
(Baldursson et al., 1995) or radiation exposure, and in pre-existing lesions such as Bowen’s disease and
actinic keratoses (Hemminki and Dong, 2000). Immunosuppressed patients, such as those on long-term
immunosuppressive medication after organ transplantation or those with lymphoma or leukaemia, are also
at a greater risk of developing SCC (Lindelof et al., 2006; Moloney et al., 2006). The risk factors associ-
ated with the development of SCC are summarised in Table 3.5.

3.1. Clinical presentation and diagnosis

SCC can develop in the skin or mucous membranes. They often look like scaly patches or open sores
and can become crusted and bleed. The commonest sites are the scalp, ears, face, lower lip and dorsum
of the hand. SCCs can develop from actinic keratoses (a premalignant condition), which can be indistin-
guishable clinically. Patients should be assessed for regional lymphadenopathy.

As for BCC, all patients suspected of having a diagnosis of SCC should be managed by a multidisci-
plinary team. Diagnosis is confirmed by tissue sampling and histological analyses including the subtype,

Table 3.5. Risk factors associated with SCC development.

Sun exposure

Age

Chronic wounds

Fair skin types
Immunosuppression

Bowen’s disease (SCC in situ)
Actinic keratoses

Previous BCC
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border, grading, tumour depth (in mm), the level of dermal invasion and the presence or absence of peri-
neural, vascular or lymphatic invasion (Motley et al., 2003).

3.2. Management
SCC, similar to BCC, can be divided into high-risk and low-risk lesions (Table 3.6).

3.2.1. Surgical management

Most cutaneous SCCs should be managed and can be cured by surgical excision with predefined margins
of normal skin around the tumour. If the SCC is well defined, <2 cm in diameter and low risk, it should
be excised with a 4-mm margin: this will completely excise the tumour cells in 95% cases (Brodland
and Zitelli, 1992). In cancers >2 cm in diameter that are high risk or extend into the subcutaneous tissue,
a 6-mm margin should be taken to provide the same degree of confidence (Brodland and Zitelli, 1992).

3.2.2. Non-surgical management

Alternatives and adjuncts in the management of SCC include curettage, cryosurgery, radiotherapy and
topical therapy.

Experienced clinicians using curettage are able to cure small, primary, well-differentiated tumours
that are low-risk (Knox et al., 1962, 1967; Tromovitch, 1965; Day and Rowe, 1993). However,

Table 3.6. Prognostic factors for SCC.

Prognostic factor Description

Site (increasing metastatic —Lip
potential) (Day and — Ear
Rowe, 1993; Mohs and — Areas not exposed to sun
Snow, 1985) — Areas of previous injury (e.g. burns, radiation, ulcers)
Size Tumours >2 cm are twice as likely to recur and three times as likely to metastasise (Day
and Rowe, 1993; Clayman et al., 2005)
Depth of invasion Recurrence and metastatic potential are greater in tumours >4 mm in depth (Clayman
et al., 2005; Day and Rowe, 1993)
Histology The less differentiated the tumour, the poorer prognosis they carry (Day and Rowe,

1993; Moore et al., 2005)
Perineural and perivascular invasion are poor prognostic factors (Moore et al., 2005)
Immunosuppressed Poorer prognosis as poor host response increases likelihood of recurrence and metastasis
patient (Day and Rowe, 1993; Mohs and Snow, 1985; Mohs, 1980; Leibovitch et al., 2005a)
Previous SCC Locally recurrent disease is a risk factor for metastatic disease (Motley et al., 2003)
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curettage does not provide a definitive histological diagnosis according to the parameters mentioned
above because the tissue is poorly oriented and the tumour is not excised completely. Cryotherapy is
again effective in experienced hands, but only for the treatment of histologically proven SCC because
this method provides no tissue for histological analysis (Kuflik and Gage, 1991; Day and Rowe, 1993;
Kuflik, 2004).

Radiotherapy is effective in the treatment of SCC by experienced clinical radiation oncologists, who
are able to provide a cure in over 90% of cases (Freeman et al., 1964; Day and Rowe, 1993; Locke
et al., 2001; Tsao et al., 2002). However, the tumour site and the patient should always be considered
because, for example, tumour involving bone or cartilage may be better suited to surgical excision with
radiotherapy and a tumour on the dorsum of the hand (where skin is thin and elastic) is more amenable
to surgical excision.

3.3. Follow-up

Patients who are managed as early as possible do better. Therefore, once a cutaneous SCC has been
managed it is imperative that a clinician monitors the patient for recurrence. Additionally, patients
must be given prevention and self-examination advice (with written information leaflets provided as
aide-memoires), as well as information about who seek advice from. As 75% of local and metastatic
recurrence is detected within the first 2 years after management and 95% within 5 years, a reasonable
time to follow-up the patient before discharge is 5 years (Day and Rowe, 1993; Motley et al., 2003).

4. MALIGNANT MELANOMA

Malignant melanoma arises from the malignant conversion of melanocytes, the pigment-producing
cells of the skin. The commonest site for melanoma to arise is the skin, and cutaneous melanoma is
steadily increasing (Hussussian, 2007). According to the World Health Organisation (WHO), its inci-
dence is increasing at a rate faster than that of any other cancer. Risk factors, as with BCC and SCC,
are UV exposure and genetic predisposition; this is reflected in the variable worldwide incidence of
malignant melanoma. For example, in Australia and New Zealand, incidence rates are far higher than
in South-Central Asia (Ferlay et al., 2010). Sun exposure that is intermittent and intense poses the high-
est risk of sun damage and should therefore be avoided, especially in those with characteristics that
increase susceptibility such as fair skin, blue eyes, red or blonde hair, and freckling easily. The inci-
dence of malignant melanoma is also related to age but, in contrast to non-melanocytic skin cancers,
has an unusual pattern: between 2008 and 2010 in the UK, 27% of cases were diagnosed in those less
than 50 years of age.

Some genetic mutations have been linked to malignant melanoma, some of which are being explored
in clinical trials. These mutations affect p16, a tumor suppressor protein, that in humans plays an impor-
tant role in cell cycle regulation by decelerating cells’ progression from G1 phase to S phase, and
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therefore acts as a tumour suppressor that is implicated in the prevention of cancers, notably melanoma.
p16 is also an inhibitor of CDK4, a cyclin-dependent kinase which has also been targeted in clinical tri-
als. In addition, B-RAF, a gene producing the B-Raf protein involved in sending signals inside cells, has
also been targeted in clinical trials.

4.1. Diagnosis

Clinical suspicion should lead to a tissue diagnosis of malignant melanoma. Guidelines for the recog-
nition of high-risk lesions are the following well-known ‘ABCDE’ criteria:

A — Asymmetry

B — Border (irregular)

C — Colour variety (a number of different shades of brown or black, blue, etc.)

D — Diameter (>6 mm diameter)

E — Evolving (any change in size, shape, colour, elevation or any new symptom).

Although these criteria are useful, particularly for the public, it is worth remembering that in fact in
the early stages malignant melanomas can be <6 mm in diameter and that approximately 5% of malig-
nant melanomas are actually not pigmented.

Accurate diagnosis is dependent on tissue sampling, and an excisional biopsy is recommended after
clinical photography. It is not recommended that this is done in primary care: instead, it should be
performed by suitable members of the local skin cancer multidisciplinary team. It is appropriate that
the lesion is excised in a manner that allows a further wide excision; excision should include the whole
tumour with a 2-mm margin of normal skin and a cuff of fat in order to allow an accurate histological

= d
» ;‘1]
Symmetrical Borders are One colour Smaller than Ordinary mole
even Yainch

—
= -
4 ¥ s e o 4 A -
Asymmetrical Borders are Multiple colours Larger than Changing in size,
uneven Yainch shape and colour

Figure 3.2. The ‘ABCDE’ rule. Source: Skin Cancer Foundation (2013).
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Table 3.7. Criteria for urgent referral to a local skin cancer multidisciplinary team.

A new mole in adulthood with changing shape, colour, size

Itching or bleeding

Any mole with asymmetry or three or more colours

Any new persistent skin lesion, especially if pigmented and the diagnosis is unclear
A new pigmented line in a nail

A lesion growing under a nail

Source: Marsden et al. (2010).

confirmation of diagnosis, Breslow thickness and Clark level (Lederman and Sober, 1985; Austin et al.,
1996). Incisional or punch biopsy is sometimes acceptable for specific situations such as facial lentigo
maligna (melanoma in situ), but this decision should be made under the guidance of the local skin cancer
multidisciplinary team.

The Royal College of Pathologists has produced guidelines for the dataset required in histopathologi-
cal reports (Association of Directors of Anatomic and Surgical Pathology, 1998). These are summarised
in Table 3.8.

The Breslow thickness describes how deeply the tumour cells have invaded and is measured using an
ocular micrometer from the granular layer of the epidermis to the deepest dermal tumour cells (Breslow,
1970). It is not only an important prognostic factor but also guides clinicians as to the excision margins
for wide excision and is one of the criteria used in predicting lymph node metastases.

It is different from Clark levels, which determine the level of anatomical invasion of the tumour cells.
Clark levels have been superseded by Breslow thickness, except when the Breslow thickness is <1 mm,
when they can offer prognostic value.

4.2. Staging

As already described, the most important factors in determining the stage of malignant melanoma is the
Breslow thickness (except when <l mm), along with the mitotic rate and presence of ulceration. The
staging system used is the American Joint Committee on Cancer (AJCC) staging system (summarised
in Figure 3.3; Balch et al., 2009).

4.3. Investigations

Further investigations can be performed to determine disease progression. Patients with stages I, II and
IITA malignant melanoma do not require routine investigations. However, patients with stage IIIB or
ITIC disease should undergo head, chest, abdominal and pelvic computed tomography. Those with stage
IV disease require further investigation according to their clinical need.
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Table 3.8. Minimum data set required in histopathological description for malignant melanoma.

Clinical
information Procedure (excision, re-excision, punch biopsy)
Macroscopic Contour
description Colour
Size of tumour (mm)
Size of excised specimen (mm)
Microscopic Ulceration Presence or absence
description Thickness of the tumour Measured from the granular layer of epidermis to the

Number of mitoses per mm?
Histological subtype

Margins of excision

Pathological staging
Growth phase

Regression

Tumour-infiltrating lymphocytes
Lymphatic or vascular invasion
Perineural infiltration
Microsatellites

Precursor naevus
Clark level

deepest dermal malignant cells to the nearest 0.1 mm
In the area of greatest mitoses in the vertical growth phase
Superficial spreading, nodular, lentigo maligna, acral
lentiginous melanoma
Indicates whether excision is complete at peripheral and
deep margins

TNM staging should be used

Invasive melanoma without a vertical growth phase is
microinvasion

Prognostic factor

Islands of tumour >0.05 mm in the tissue beneath the mass
of melanoma, separated by 0.3 mm of normal collagen
(Harrist et al., 1984). This is predictive of lymph node
metastases

Presence should be recorded

Less reliable than thickness

Sorce: Marsden et al. (2010).

4.4. Management

The management of malignant melanoma is wide local excision with predefined margins as shown in
Table 3.10. For malignant melanoma with a Breslow thickness of up to 1.0 mm, the recommended mar-
gins are based upon the WHO Melanoma Co-operative Group Trial 10 (Veronesi et al., 1988; Veronesi
and Cascinelli, 1991) comparing 1 cm and 3 cm margins, with similar overall survival rates. For malig-
nant melanomas sized 1.01-2.0 mm, there have been four randomised trials: two comparing 1 cm and
3 cm margins (Veronesi et al., 1988; Veronesi and Cascinelli, 1991), one comparing 2 cm and 4 cm mar-
gins (Balch et al., 2001) and one comparing 2 cm and 5 cm margins (Khayat ez al., 2003). Unfortunately,
none of these compare 1 cm and 2 cm margins directly; however, they suggest that 1 cm is the mini-
mum margin required, while 2 cm margins are equally appropriate. Ultimately, discussion between the
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Figure 3.3. AJCC staging of malignant melanoma.
Source: Marsden et al. (2010).

patient and the multidisciplinary team and consideration of the anatomical site will determine an exci-
sion margin of between 1 cm and 2 cm. Similarly, for patients with malignant melanoma with a Breslow
thickness of 2.01-4.0 mm, trials have demonstrated no difference between 2 cm and 4 cm wide local
excisions (Balch et al., 2001); however, a trial comparing 1 cm and 3 cm margins demonstrated a benefit
of wider excision (Thomas et al., 2004). Thus, a 2 cm margin is the minimum in this cohort of patients,
although patient wishes, anatomical site and multidisciplinary team advice should again be taken into
consideration because a 3 cm margin is equally appropriate.

Patients with malignant melanomas with a Breslow thickness >4.01 mm are at a very high risk of
recurrence and metastasis. One trial has compared 1 cm and 3 cm wide excisions and demonstrated a
lower risk of recurrence with a 3 cm margin (Thomas et al., 2004). There is no evidence to suggest that
more than 3 cm should be excised.
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4.5. Sentinel lymph node biopsy

Sentinel lymph node biopsy (SLNB) reliably diagnoses regional lymph node metastases before they
are clinically evident and involves removing the first node that drains the melanoma site (Morton et al.,
1992). Although controversial, SLNB should be offered to all patients with stage IB to IIIC tumours and
should not be offered to those with a Breslow thickness of >4 mm because these patients are likely to
have metastases. There is no evidence to suggest any therapeutic benefit of biopsy, but it is an informa-
tive prognostic staging tool.

SLNB involves injecting the primary melanoma site with radioactive material (Technetium)® and
methylene blue dye, which then travels to the sentinel lymph node. A pre-operative nuclear medicine
scan and peri-operative use of a gamma probe, as well as the visually blue node, enables the surgeon to
locate the sentinel lymph node. If positive, the patient should then be offered completion lymphadenec-
tomy, having been made aware of this possibility prior to the SLNB. SLNB can be undertaken at the
same time as wide local excision of the primary tumour.

4.6. Follow-up

Follow-up is an important part of the clinical care of patients with a diagnosis of malignant melanoma.
Clinicians not only act as a source of support and reassurance but are also able to detect recurrence or
further primary malignant melanoma. Table 3.9 shows the frequency and length of follow-up according
to the AJCC stage.

Table 3.9. Follow-up for malignant melanoma.

Stage Follow up

In situ None required

IA 2—4 times for the first 12 months

IB-IITA 3-monthly for 3 years
6-monthly to 5 years

1B, IIIC, resected IV 3-monthly for 3 years

6-monthly to 5 years
12-monthly to 10 years
Unresectable IV As needed
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Table 3.10. Quick reference of surgical excision margins.

Basal cell carcinoma <2 cm; low risk 3 mm
>2 cm; high risk 5 mm

Squamous cell carcinoma <2 cm; low risk 4 mm
>2 cm; high risk 6 mm

Malignant melanoma (Breslow thickness) In situ 0.5cm
<l mm 1 cm
1.01-2 mm 1-2cm
2.1-4 mm 2-3 cm
>4 mm 3cm
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Oral and Oropharyngeal Cancer

Jatinder T. Virdee, Nicholas Kalavrezos

1. INTRODUCTION

Oral cancer is the sixth most common cancer in the world, and is ranked as one of the top three cancers
in areas of high incidence (Warnakulasuriya, 2010). It represents a significant component of the global
cancer burden (Peterson, 2009) and is a major problem in regions in which tobacco chewing and smok-
ing are common (Zini et al., 2010). It is mostly preventable through lifestyle changes (Warnakulasuriya,
2010). In 2004, the International Head and Neck Cancer Epidemiology consortium was set up to obtain
a better understanding of head and neck squamous cell carcinomas (HNSCCs) by studying large-scale
pooled data (Conway et al., 2009). However, despite the increased knowledge of the disease, many
unanswered questions remain.

Historically, oral cancer was a self-induced disease of the ‘middle aged man who smokes and drinks
excessively’; however, nowadays this pattern is changing, and younger people with a completely dif-
ferent set of risk factors are emerging as oral and oropharyngeal cancer sufferers. Over 90% of primary
malignant neoplasms of the upper aerodigestive tract are squamous cell carcinomas (Warnakulasuriya,
2009), while tumours of the minor salivary glands are the second commonest and mucosal melanomas
are extremely rare (Shah & Gil, 2009). This chapter will focus on oral and oropharyngeal squamous cell
carcinomas (OPSCCs), concentrating on their risk factors, clinical presentation and treatment, with the
intention of providing an overview to the topic and promoting an interest in further research.

2. ANATOMY

The oral cavity is bound anteriorly and laterally by the alveolar arches, and represents the first part of
the mouth. Superiorly, it is roofed by the hard palate and inferiorly contains the floor of the mouth.
Posteriorly it communicates with the oropharynx (see figure 4.1).
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Figure 4.1. Anatomy of the oral cavity.

3. EPIDEMIOLOGY

3.1. Incidence

Oral and oropharyngeal cancer risk increases with age (Warnakulasuriya, 2010), with most cases occur-
ring between the fifth and seventh decades of life, probably because of the length of exposure of the
oral cavity to exogenous carcinogens (Johnson et al., 2011). The annual estimated incidence of OPSCC
(excluding those affecting the nasopharynx) is approximately 405,000 cases per year, with two-thirds
of patients in developing countries (Warnakulasuriya, 2009). Geographical variation in the incidence of
oropharyngeal cancer is vast, with the following areas showing a high incidence: South Asia (Sri Lanka,
India, Pakistan, Taiwan); Hungary, Slovakia and Slovenia; Brazil, Uruguay, Puerto Rico and Cuba; and
Melanesia (e.g. Papua New Guinea) (Peterson, 2010).

Geographical patterns of oral cancer clearly demonstrate differences in risk factors, with lip and oral
cancer being highest in Melanesia, secondary to the popular chewing of areca nut and tobacco (Johnson
et al., 2011). Within the European Union, there were 67,000 new cases in 2004, with incidence highest
in Western Europe, making OPSCC the seventh most common cancer (Warnakulasuriya, 2009). OPSCC
are not common in the UK, with only 4660 cases diagnosed in 2003, accounting for 1.6% of all new
cancers (Warnakulasuriya, 2009). Rates are typically higher in Scotland than in any other part of the UK
for both men and women (Warnakulasuriya, 2009).
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Figure 4.2. Age-standardised incidence (per 100,000) of men with oral cancer in 2012.
Source: Based on GLOBOCAN 2012 International Agency for Research on Cancer (http://globocan.iarc.fr/
Default.aspx).
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Figure 4.3. Age-standardised incidence (per 100,000) of women with oral cancer in 2012.
Source: Based on GLOBOCAN 2012 International Agency for Research on Cancer (http://globocan.iarc.fr/
Default.aspx).
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3.2. Mortality

Mortality rates are generally higher in men and lower in Westernised countries with good health pro-

vision (Peterson, 2009). Worldwide, almost three-quarters of a million people are alive 5 years after
their OPSCC diagnosis, with survival rates exceeding 50% in countries with the best treatment centres
(Johnson et al., 2011). In the European Union, in contrast to the incidence pattern, mortality rates are
highest in Eastern Europe (Warnakulasuriya, 2009).

4. AETIOLOGY

Cigarette smoking and alcohol excess represent the two major risk factors for oral cancer in the UK, with
several key epidemiological studies worldwide confirming this association (Warnakulasuriya, 2009b). We will
outline these major ‘traditional risk factors’, including what is known about their actiopathogenesis. Emerging
risk factors will be discussed and other controversial risks with poor clinical evidence will be examined.

4.1. Major risk factors

41.1. Tobacco

Approximately 1 billion men and 250 million women worldwide smoke tobacco, with an estimated 5.5
trillion cigarettes being produced every year (Petti, 2009). Worldwide studies report the OPSCC risk to
be 3.43 times higher in smokers than in non-smokers (Gandini et al., 2008). Therefore, OPSCC is one of
the highest smoking-associated cancers, second only to lung cancer (Warnakulasuriya et al., 2010). The
OPSCC risk is linked to both the intensity and duration of smoking, being highest in patients with 20
smoking pack-years or more (Petti, 2009). Studies have highlighted the benefits of smoking cessation, with
the risk falling from 3.43 to 1.40 in ex-smokers (Gandini et al., 2008) and equalling that of ‘never smokers’
approximately 10 years after quitting (Warnakulasuriya et al., 2010). Smokeless tobacco use also signifi-
cantly increases the risk of OPSCC (Warnakulasuriya, 2009b). Smokeless tobacco usually comes in the
form of snuff (finely ground or cut tobacco leaves) or chewing tobacco (loose leaf), and is currently banned
from sale in the UK (Warnakulasuriya, 2009b). Smokeless tobacco consumption is more widespread in
the USA, with an estimated 7% of high school students using smokeless tobacco (Gandini et al., 2008).
OPSCC development (as for most cancers) is a multistage process in which DNA damage by exogenous
carcinogens causes mutations, leading to the expression of oncogenes and the loss of tumour-suppressor genes
(TSGs). There are over 60 known carcinogens in cigarette smoke and 16 in unburned tobacco; the two main
ones are both linked to oral squamous cell carcinoma (Gandini et al., 2008): tobacco-specific nitrosamines and
polycyclic aromatic hydrocarbons. These carcinogens cause keratinocytes to undergo several genetic and epi-
genetic events until a malignant phenotype is acquired (i.e. cells become malignant) (Scully & Bagan, 2009).
Normally, these carcinogens are metabolised by xenometabolising enzymes in the liver such
as cytochrome P450 (CYP450). They can also be detoxified by antioxidant enzymes such as
glutathione-S-transferase (GST) in the case of tobacco-specific nitrosamines (Warnakulasuriya et al.,
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Figure 4.4. Age-standardised mortality (per 100,000) of men with oral cancer in 2012.
Source: Based on GLOBOCAN 2012 International Agency for Research on Cancer (http://globocan.iarc.fr/
Default.aspx).
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Default.aspx).
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2010) or deactivated by N-acetyltransferases (NATSs) for polycyclic aromatic hydrocarbons (Scully &
Bagan, 2009) to non-toxic substances (Warnakulasuriya et al., 2010). A failure in detoxification results
in the formation of DNA adducts (Warnakulasuriya et al., 2010), with the TSG p53 commonly being
mutated and loss of the chromosomal band 9p21-22 causing loss of the TSG p/6 (Hennessey, Westra &
Califano, 2009). Normally p16 blocks phosphorylation of the retinoblastoma protein (pRb), allowing it
to control cell cycle regulation through association with the E2F transcription factor (Hennessey, Westra
& Califano, 2009); therefore, loss of p/6 promotes cell cycle disruption and thus carcinogenesis.

4.1.2. Alcohol

The World Health Organization estimates that almost 2 billion people worldwide consume alcohol, with
almost 80 million of these having a diagnosable alcohol abuse disorder (Petti, 2009). In the UK, there
is increasing evidence to suggest that the rise in OPSCC in the younger population is associated with an
increased intake of alcohol (Warnakulasuriya, 2009b). Although this link has been established for some
time, the mechanism of carcinogenesis has only recently been postulated.

Alcohol is oxidised to acetaldehyde by alcohol dehydrogenases in the oral epithelium and further degraded
to acetate by aldehyde dehydrogenases (Scully & Bagan, 2009). Acetaldehyde is the molecule responsible for
the oral carcinogenic effect of ethanol owing to its mutagenic effects on DNA (Petti, 2009). It causes DNA
adducts, DNA cross-links, aneuploidy and chromosomal aberrations (Hooper, Wilson & Crean, 2009).

4.1.3. Smoking and drinking

The synergistic effect between tobacco carcinogens and alcohol consumption in OPSCC is well documented
(Warnakulasuriya, 2009b). Smokers exposed to ethanol demonstrated up to seven times higher concentra-
tions of salivary acetaldehyde compared with non-smokers (Hooper, Wilson & Crean, 2009). Studies have
also found a greater than multiplicative risk for oral cancer in people who are both alcohol drinkers and heavy
tobacco smokers (Hashibe er al., 2009). Proposed mechanisms are that smoking may increase the acetalde-
hyde burden and that alcohol enhances the activation of pro-carcinogens in tobacco (Seitz & Cho, 2009).

4.1.4. Betel quid

Betel quid encompasses a variety of different ingredients. However, the most common are Betel (Piper
betle) leaves, which are used to envelop the other ingredients, areca nut and alkaline agents (e.g. lime
(calcium oxide), slaked lime (calcium hydroxide) or catechu extract) that are necessary for sublingual
absorption, and various spices, flavourings and tobacco (Petti, 2009). Betel quid is popular in South and
South-East Asia and in migrant communities in Western countries, with an estimated 10-20% of the
world’s population being consumers (Petti, 2009).

Betel quid is carcinogenic to humans (both with and without added tobacco) (Warnakulasuriya,
2009b) and was confirmed as a carcinogen by the International Agency for Research on Cancer (Scully
& Bagan, 2009), although its mechanism of action is not fully understood. When chewed, it has been
shown to produce carcinogenic nitrosamines and reactive oxygen species in the oral cavity (Petti, 2009).
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Studies also show that arecoline (the main alkaloid in areca nut) can block the p/4 and p15 TSGs, as
well as p16 and p53 (Scully & Bagan, 2009). These effects may therefore trigger DNA damage and sup-
press its repair in the epithelial cells of users.

4.2. Emerging risk factors

4.2.1. Human papillomavirus

At the beginning of the 1980s, the incidence of OPSCC in Western countries had begun to decrease,
a phenomenon linked to trends in smoking cessation (Westra, 2009). At the same time, human papil-
lomavirus (HPV) prevalence began increasing in HNSCCs: the incidence of HPV-positive HNSCC had
increased by 225% and the incidence of HPV-negative cancers had fallen by 50% by 2004 (Chaturvedi
etal.,2011). Current estimates suggest that 40-80% of HNSCC in the USA are caused by HPV, whereas
in Europe the proportion varies from around 90% in Sweden to <20% in communities with the high-
est rates of tobacco use (Marur ef al., 2010). This increased incidence is occurring in white men aged
40-55 years with no history of tobacco or alcohol use (Marur et al., 2010). The link between HPV and
HNSCC is strongest for tonsillar cancer and OPSCC and weakest for oral cancer (Hennessey, Westra &
Califano, 2009).

HPV is a 7.9 kb circular, non-enveloped, double-stranded DNA virus that infects squamous epithelial
cells and HPV infection is manifested by skin warts, cervix lesions and anogenital cancers (Hennessey,
Westra & Califano, 2009). Over 120 subtypes have been described, with further division made into high-
and low-risk groups based on their ability to cause malignancy (Hennessey, Westra & Califano, 2009). Of
the high-risk groups, up to 90% of HPV-associated HNSCCs are caused by HPV-16, the same subtype that
causes anogenital cancers (Marur et al., 2010). HPV-16 seropositivity is associated with an increased risk
of developing HPV-positive oral squamous cell carcinoma (OSCC), regardless of a history of smoking or
drinking (Hennessey, Westra & Califano, 2009).

Studies have shown that the prevalence of HPV-associated OPSCC is higher in men and in those
infected with human immunodeficiency virus, and increases with the number of lifetime oral and vagi-
nal sexual partners (Marur et al., 2010). Additionally, a history of genital warts, a younger age at first
intercourse (Hennessey, Westra & Califano, 2009) and a history of oral-anal sex are reported risk fac-
tors for HPV infection (Westra, 2009). The prevalence of HPV in cervical rather than penile tissue
may increase the chances of HPV infection during oral sex, therefore explaining the higher rate of
HPV-associated OSCC in men (Marur ez al., 2010).

High-risk HPVs target the reticulated epithelium of the tonsils, causing genomic instability by inte-
gration into the host DNA genome, leading to expression of the E6 and E7 viral oncoproteins (Marur
et al., 2010). E6 binding to p53 protein causes its degradation, thus diminishing its ability to induce
programmed apoptosis (Marur et al., 2010). In addition, E7 binds and degrades the pRb, resulting in
the loss of cell cycle control (Hennessey, Westra & Califano, 2009). Therefore, unlike OPSCCs caused
by traditional risk factors, HPV-positive OPSCCs show reduced expression of wild-type p53 with no
depletion of p16 (Marur et al., 2010).
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4.2.2. Diet

The antioxidant properties of plant food components (e.g. vitamins A, C and E, flavonoids and folate) are
well documented (Lucenteforte, 2009), as is their beneficial role in protecting against exogenous carcino-
gens (Scully & Bagan, 2009). Studies have shown a reduction in the risk of OPSCC of up to 50% in those
who consume adequate amounts of fresh fruits and vegetables (Warnakulasuriya, 2009b); however, those
who smoke and drink have been shown to consume low levels of these foods, suggesting the possibility of
confounding (Petti, 2009). Smokers tend to consume fewer vegetables compared with non-smokers, and
heavy alcohol drinkers also tend to limit their intake of essential nutrients (Lucenteforte, 2009).

4.2.3. Mate drinking

Mate (Ilex paraguariensis) is an infusion of leaves that is drunk through a hot metal straw in parts
of South America. Several epidemiological studies conducted in the area, which were adjusted
for other risk factors, estimated an increased risk of oral cancer of 2.11 times (Warnakulasuriya,
2009b). It is postulated that chronic irritation to oral mucosa caused by the hot temperature could
explain its carcinogenic potential (Warnakulasuriya, 2009b).

4.3. Controversial factors: limited evidence

4.3.1. Ethnicity and race

OPSCC rates vary considerably among racial and ethnic groups through the world; however, this is most
probably due to lifestyle differences as opposed to genetic factors.

4.3.2. Oral health and microorganisms

OPSCC is less likely to occur in those who receive regular dental care (Scully & Bagan, 2009).
A modest association exists between periodontal disease (but not tooth loss) and OPSCC [21]; how-
ever, there is limited evidence to support this link. Instead, the effect of poor hygiene on OPSCC
may be manifested through microbial interactions because dental plaque has been shown to have a
mutagenic interaction with saliva, and both oral Streptococci and Neisseria spp. have been shown to
shown to synthesise acetaldehyde (Scully & Bagan, 2009).

The oral cavity contains over 750 distinct taxa of bacteria which reside in the normal individual
without any pathological consequence. Cigarette smoking can cause the growth of selective tar-resistant
Staphylococcus aureus, which has been implicated in oral carcinogenesis (Hooper, Wilson & Crean,
2009), and higher levels of Candida albicans (a species well known to cause premalignant lesions) have
been found on OPSCC surfaces (Hooper, Wilson & Crean, 2009). OPSCC patients harbour more patho-
genic bacteria (including Clostridium, Haemophilus, Enterobacteriaceae and Streptococcus spp.) on the
biofilm surfaces of their tumours compared with controls (Hooper, Wilson & Crean, 2009).
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4.3.3. Indoor air pollution

Some studies have demonstrated a link between OPSCC and daily exposure to fossil fuels from heating
and cooking stoves (oil, coal or wood), thought to be perpetuated by volatile carcinogenic by-products
(Warnakulasuriya, 2009b). However, there is little evidence for this, with no major epidemiological
studies confirming a potential link.

4.4. Controversial factors: inconsistent evidence

There is no conclusive evidence that oral cancer has a hereditary basis or that it is associated with
regular marijuana use (Warnakulasuriya, 2009b). In addition, the tenuous causality proposed between a
low body mass index and OPSCC needs further clarification (Gaudet ez al., 2010). Khat (Catha edulis)
chewing is often linked to OPSCC; however, despite causing oral leukoplakia in a few studies, no epi-
demiological studies have demonstrated such a link (Warnakulasuriya, 2009b). Nor is there a consistent
link between nicotine replacement therapy (Warnakulasuriya, 2009b), human immunodeficiency virus
infection (Warnakulasuriya, 2009b) or mouthwash use and OPSCC (La Vecchia, 2009).

5. DIAGNOSIS

5.1. Importance of early diagnosis

Tumour staging at the time of OPSCC diagnosis is recognised to be an imperative prognostic marker
for survival (Gomez et al., 2009). Despite this, half of OPSCC diagnoses are made at stages III or IV,
which have survival rates of 20-50% depending on the subsite (Gomez et al., 2010; Gomez et al., 2009).
As well as improving survival rates (by up to 90% for early stage cancers) (Bagan, Sarrion & Jimenez,
2010), evidence suggests that an early diagnosis can also decrease the morbidity associated with treat-
ment (Gomez et al., 2010). Diagnostic delay is the number of days that elapsed from the patient noticing
their first symptom or sign until a definitive diagnosis is reached (Gomez et al., 2010), and reducing this
delay is arguably pivotal in the battle against OPSCC.

5.2. Conventional oral examination

The preliminary part of OPSCC diagnosis involves a thorough visual examination of the oral cavity (especially
the sides of the tongue and floor of mouth) by a trained clinician. OPSCC lesions vary in size, ranging from
a few millimetres to several centimetres in advanced cases. The focus of a good examination includes the
identification of abnormalities in any of the cervical lymph nodes. Incandescent white light is widely used to
aid the visual examination of suspicious oral lesions; however, delineating boundaries using this method is not
easy and choosing the correct biopsy site is thus greatly reliant on examiner experience (Roblyer ez al., 2009).
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Figures 4.6. Variations in the clinical presentation of oral cancer. (A) An erythroplastic lesion on the tongue;

(B) an ulcerated lesion of the tongue; (C) an advanced floor of mouth tumour.
Source: Bagan, Sarrion & Jimenez, 2010.

5.3. Clinical features

Most OPSCC lesions are preceded by white (leukoplakia) or red (erythroplakia) patches on the
oral mucosa (Fedele, 2009), with a particular suspicion for single oral lesions lasting more than 3
weeks (Bagan, Sarrion & Jimenez, 2010).

5.3.1. Symptoms

Early oral carcinomas are often asymptomatic. However, common symptoms are listed below.

B Early lesions are usually erytholeukoplastic

Well-demarcated lesion

Potentially ‘indurated’ lesion

Pain (common symptom)

Lesions involve the tongue of floor of mouth (Bagan, Sarrion & Jimenez, 2010), especially when

the lesion is a significant size (Cuffari et al., 2006).
Less common symptoms (Bagan, Sarrion & Jimenez, 2010):

Ear pain

Mobility of teeth

Speech difficulties

Dysphagia

Trismus

Paraesthesia

Cervical lymphadenopathy (in the absence of other symptoms) ~5% of cases (Bagan, Sarrion &
Jimenez, 2010).

Symptoms in the terminal stages (Bagan, Sarrion & Jimenez, 2010):

B Skin fistulas
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Bleeding

Ulceration

Fixation to underlying tissues
Severe anaemia

Cachexia may be present.

5.3.2. Location

OPSCC can appear in any location; however, it is commonly found on the tongue and the floor of the
mouth (Hirata et al., 1975; Mashberg et al., 1989). The buccal mucosa, retromolar area, gingiva, soft
palate and, less frequently, the back of the tongue and hard palate can also be involved (Hirata et al.,
1975; Mashberg et al., 1989).

5.4. Tests to aid diagnosis

Ultimately, diagnostic confirmation of OPSCC requires an adequate tissue biopsy. A variety of diag-
nostic techniques currently exist to help identify malignant lesions that may otherwise be hidden from
visual inspection with normal incandescent light (Fedele, 2009). These include:

Toluidine blue (TB)
Brush biopsy
Chemiluminescence
Autofluorescence
Confocal endomicroscopy
Optical tomography.

5.5. Toluidine blue staining

TB is a dye that stains nucleic acids and has therefore been used for years to identify suspicious mucosal
lesions. Although studies show TB to be good at detecting carcinomas, it generates a high percentage of
false positives. This puts its use in the primary care setting into question. Thus, it is best used by expe-
rienced clinicians (Fedele, 2009).

5.6. Brush biopsy

Brush biopsy (BB) is an intermediate diagnostic step that uses a specific brush to collect transepithelial
cells from mucosal abnormalities. Any that test positive then undergo biopsy (Fedele, 2009). Although
studies show BBs to be highly sensitive in high-risk populations, the rate of false positives increases in
low-risk populations (Fedele, 2009).
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Figure 4.7. Variations in the visibility of oral lesions with different diagnostic tools. (A) Appearance of an oral
lesion under white light; (B) appearance of the same lesion under direct fluorescence visualisation; (C) the same
lesion stained with toluidine blue dye.

Source: Poh et al, 2008.

5.7. Chemiluminescence

This technique relies on the principle that normal oral mucosa appears blue and abnormal mucosa
appears white when blue—white light of wavelength 490-510 nm is shone onto lesions (when pre-rinsed
with 1% acetic acid) (Fedele, 2009). Although studies have advocated its use in differentiating nor-
mal tissue from carcinomas, there is less evidence that it can distinguish dysplasia from normal tissue
(Fedele, 2009).

5.8. Autofluorescence

When stimulated with blue—violet light of wavelength 400—460 nm, redistribution of the fluorophores in
oral tissue produces a light specific to that tissue that is known as autofluorescence (Fedele, 2009). The
clinician can visualise the autofluorescence using certain filters: normal oral mucosa emits a pale green
light and neoplastic lesions appear darker (Roblyer et al., 2009). Autofluorescence has been shown to
have sensitivities of 96—100% and a specificity of 91-96% when the images are compared with a histo-
logical analysis (Roblyer ef al., 2009), thus allowing the effective identification of lesions not otherwise
visible to the naked eye (Fedele, 2009).

5.9. Confocal laser endomicroscopy

Using a laser scanner at the tip of a video endoscope, confocal laser endomicroscopy combines the
power of a confocal microscope with the clinical benefits of an endoscope (Haxel et al., 2010). This
enables the clinician to examine the vascular, connective tissue and cellular components of the oral
mucosa in ‘real time’, with studies showing it to be effective in examining the anterior parts of the oral
cavity (Haxel et al., 2010).
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5.10. Optical tomography

Optical tomography is an imaging technique which uses the principles of ultrasound to examine subsur-
face reflections on tissue and produce a three-dimensional image to micrometre resolutions (Jerjes ef al.,
2010). Compared with the histopathological analysis of oral lesions, studies found optical tomography
to be good at identifying diseased areas; however, it is poor at providing an actual diagnosis or at differ-
entiating between lesions (Jerjes ef al., 2010). Recent research found that delivery of gold nanoparticles
to oral lesion sites enhanced in vivo optical tomography images of oral dysplasia; however, this was an
animal study and further research in this field is therefore needed (Kim et al., 2009).

5.11. Diagnosis from saliva

Measuring specific saliva molecules may represent an additional diagnostic branch in oral cancer diag-
nosis and prognosis (Nagler, 2009). Despite no validated markers being currently available, studies have
shown alterations to many biomarkers in the saliva of oral cancer patients, including tumour necrosis
factor alpha, some interleukins and cancer antigen 125 (Nagler, 2009; Pfaffe et al., 2011). In addition,
studies have shown that the microRNAs miR-125a and miR-200a are present in significantly lower lev-
els in the saliva of OPSCC patients (Park et al., 2009). Such salivary biomarkers could provide better
diagnostic aids for oral cancer in the future.

5.12. Serum C-reactive protein

In a study to assess the predictive value of pre-operative C-reactive protein in oral cancer patients, raised
values were shown to be associated with worse overall survival. In combination with tumour size and
stage, they were able to give a better prediction of survival (Khandavilli ez al., 2009).

5.13. Human papillomavirus diagnosis

Currently, HPV can be detected using the polymerase chain reaction, in situ hybridisation and immuno-
histochemical methods to detect biomarkers such as p16 (Westra, 2009). Whereas studies have shown
the polymerase chain reaction to be clinically limited, modifications to the in situ hybridisation process
have made it very sensitive; when combined with its feasibility and cost-effectiveness, this makes it a
popular tool in HPV diagnostics (Westra, 2009).

5.14. Screening

The World Health Organization and the International Agency for Research on Cancer advise that a
significant number of preventable cancer cases can be reduced through effective screening, including
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oral cancer (Fedele, 2009). Despite this, a lack of public awareness and poor detection by health-care
providers means that oral cancer is still being diagnosed at advanced stages (Fedele, 2009). Randomised
controlled trials in India have found that an active screening arm led to earlier detection (stages I or II)
when compared with controls (Subramanian, 2009), with health professionals in the field concurring
that screening can result in the detection of early oral cancers (Rethman et al., 2010). Currently, there is
no screening programme in the UK; thus, developing one may result in the reduction of morbidity and
mortality in high-risk groups of individuals.

6. HISTOPATHOLOGY

Morphologically, HPV-negative OPSCCs differ from HPV-positive ones; therefore, their histology is
described separately in this section.

6.1. HPV-negative OPSCC

HPV-negative cancers are usually moderately differentiated and keratinising and involve dysplastic
changes to the epithelium of the oral mucosa (Marur ef al., 2010). Dysplasia is graded by the extent of
involvement of the overall thickness of the epithelial layers, with mild dysplasia involving architectural
changes confined to the lower third and severe dysplasia involving more than two-thirds of, but not the
entire, thickness (Poh ef al., 2008). Carcinoma in situ occupies the entire epithelium thickness, whereas

invasive squamous cell carcinoma invades the underlying connective tissue stroma through the base-
ment membrane (Poh e al., 2008).

Figure 4.8. Variations in dysplasia in oropharyngeal squamous cell carcinoma. Slides demonstrating the
histological progression from hyperplasia to mild dysplasia, moderate dysplasia and severe dysplasia. The final

slide shows an invasive squamous cell carcinoma.
Source: Poh et al, 2008.
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6.2. HPV-positive OPSCC

Typically, HPV-positive OPSCC is not associated with dysplasia of the surface epithelium (Marur et al.,
2010). Instead, these cancers (Marur et al., 2010):

B Show lobular growth

B Are permeated by infiltrating lymphocytes
B Undergo no significant keratinisation

B Have prominent basaloid morphology.

Figure 4.9. HPV-positive oropharyngeal cancer. Metastatic non-keratinised squamous cell carcinoma with
(a) haematoxin and eosin staining; (b) nuclear staining for p16 and (c) in situ hybridisation for HPV-16.
Source: Marur et al, 2010.
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7. STAGING

7.1. Pretreatment investigations

Not only is pretreatment staging imperative in OPSCC, but thorough documentation of tumour size and
anatomical location (using photographs and diagrams) is also essential for the adequate management
of affected patients. This can be achieved to some extent by a good physical examination and biopsy,
but also relies heavily on radiological modalities to give accurate information about clinically hidden
lesions. Most experts in the field agree that computed tomography imaging gives better overall informa-
tion than magnetic resonance imaging regarding the cancer site and, especially, the extent of extracapsu-
lar nodal extension (Patel & Shah, 2005). An orthopantomogram is also a simple but useful radiological
modality for assessing bone involvement.

7.2. TNM staging

The tumour—node—metastasis (TNM) system uses anatomical information to gauge the extent of tumour

progression and local, regional or distant metastases. Currently, the TNM staging of HNSCC is in its
7th edition, with only minor modifications applied to the previously comprehensive 6th edition. However,
despite advancements, this manual is still formulated to a great extent from clinical expertise and opin-
ion, as a real absence of level I evidence in the field still exists (Patel & Shah, 2005). Interestingly, most
HPV-associated tumours present at an early tumour stage but an advanced nodal stage, often with multilevel
cystic nodal metastases (Marur et al., 2010). Tables 4.1, 4.2 and 4.3 highlight the TNM staging guidelines
for tumors attaching the lip, oral cavity and oropharynx outlined in the 6th edition.

Table 4.1. T staging for tumours of the lip, oral cavity and pharynx.

All Primary tumour cannot be assessed

>

No evidence of primary tumour

S}

Carcinoma in situ

Lip and oral cavity Tumor 2 cm or less in greatest dimension

Tumor between 2 cm and 4 cm in the greatest dimension

S

Tumor >4 cm in greatest dimension

v

N

Lip: tumour invades cortical bone, inferior alveolar nerve, floor of

&
E9

mouth or skin of face
Oral cavity: tumor invades cortical bone, into deep (extrinsic) cavity
muscle of tongue (genioglossus, hyoglossus, palatoglossus, and
styloglossus), maxillary sinus or skin of the face
T, Tumor involves masticator space, pterygoid plates or skull base and/or
encases internal carotid artery
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Table 4.1. (cont.)

Oropharynx Tumour 2 c¢m or less in greatest dimension

Tumour between 2 cm and 4 cm in greatest dimension

Tumour more than 4 cm in greatest dimension

Tumour invades the larynx, deep/extrinsic muscle of tongue, medial
pterygoid, hard palate, or mandible

T Tumour invades lateral pterygoid muscle, pterygoid plates, lateral

nasopharynx, or skull base or encases carotid artery

Source: AJCC cancer staging Manual (2002). Chicago Springer, 17-80.

Table 4.2. N staging for oropharyngeal cancers.

N, Regional lymph nodes cannot be assessed

N, No regional lymph node metastasis

N, Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension

N2, Metastasis in a single ipsilateral lymph node between 3 cm and 6 cm in greatest dimension
N2, Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension
N2, Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest dimension
N, Metastasis in a lymph node more than 6 cm in greatest dimension

Source: AJCC cancer staging Manual (2002). Chicago Springer, 17-80.

Table 4.3. M staging for oropharyngeal cancers.

M, Distant metastasis cannot be assessed
M, No distant metastasis
M Distant metastasis

Source: AJCC cancer staging Manual (2002). Chicago Springer, 17-80.

8. MANAGEMENT

8.1. Rationale behind oral cancer treatment

Treatment of oral cancer can cause serious debilitation and disfigurement in patients, affecting their
speech, swallowing, mastication and, most importantly, their ability to interact socially (Fedele, 2009).
Therefore, those that provide the treatment should never lose sight of these issues. Surgery remains
the mainstay of treatment for locally advanced oropharyngeal cancer (T, or N, ), either with adjuvant
radiotherapy or concurrent chemoradiation (Marur et al., 2010). Regardless of treatment offered, the
cancer should be eradicated and subsequent cancers prevented, while maintaining and restoring the
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form and function where possible (Shah & Gil, 2009). Factors affecting the treatment of oral cancer are

summarised in Table 4 .4.

8.2. Surgical approaches to oral cancer

This section provides a brief overview on the surgical techniques used in the management of oral cancer,
but does not give detailed descriptions of each approach. Regardless of the location of the tumour or the
surgical approach chosen, an initial examination under anaesthesia can prove useful to accurately delin-
eate the tumour boundaries. Following this, the main principles of surgical resection are (Kalavrezos &

Bhandari, 2010):

B Adequate tumour exposure prior to removal

B The avoidance of unnecessary and conspicuous incisions

B Access for the reconstruction of any defects left.

The most commonly used approaches are (Shah & Gil, 2009):

Intraoral
Mandibulotomy
Lower cheek flap approach

Visor flap approach

Upper cheek flap approach (Weber—Ferguson incision)

Table 4.4. Factors affecting treatment choice.

Tumour
factors

Patient
factors

Physician
factors

Primary site

Size (T stage)

Location

Proximity to bone

Cervical lymph node
status

Previous treatment

Histology

Age
Co-morbidities
Lifestyle factors
Compliance
Tolerance
Expertise

MDT

Facilities

The biology of OSCC varies from site to site

Larger tumours require more complex surgery

Anterior versus posterior — affects surgery and risk of dissemination
Involvement of mandible or maxilla requires more complex surgery
Affect overall outcome

Especially in same area — re-operating will be more difficult

Type, grade and depth of invasion: HPV can all affect prognosis and
treatment success

Older patients tend not to do as well

Increased post-operative complications

Refusing to stop smoking means cancers can come back

Poor compliance will affect patient outcome

Some patients less likely to tolerate aggressive therapies

Essential when dealing with complex cancers

Need to provide support for the patient in a holistic manner, helping them
deal with medical and non-medical problems thy are likely to encounter

Specialist services may not be available in all areas
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As tumours of the oral cavity spread through dental sockets and pores into the mandibular cancel-
lous core, marginal mandibulectomy remains feasible where only limited invasion of the alveolar pro-
cess has occurred (Shah & Gil, 2009). Caution must be taken in patients previously irradiated with
radiotherapy because marginal mandibulectomy can cause pathological fractures (Shah & Gil, 2009).
Segmental mandibulectomy can be used if extensive disease is present in the mandible, usually regard-
less of pathology (Shah & Gil, 2009).

8.3. Reconstructive surgery

The main goals of reconstructive surgery following any of the management options are (Kalavrezos &
Bhandari, 2010):

External wound coverage
Restoring bony stability
Restoring dentition
Restoring a stable oral cavity
Allowing oral nutrition

Minimising cosmetic defects.

Multiple flaps are used in oral reconstructive surgery, and deciding which one depends very much on
the amount and types of tissue required to fill defects. Table 4.5 outlines the main flap types and their
composition together with anatomical examples used.

9. PROGNOSIS

Despite surgical advancements for OPSCC, mortality rates remain largely unchanged (Marsh et al.,
2011). Other than actual tumour staging and treatment, co-morbidity burden, race and performance
status are all factors which affect prognosis (Paleri er al., 2010). Some studies suggest factors such
as stromal involvement are the most accurate for predicting the outcome of OPSCC lesions (Marsh
et al., 2011), whereas others show that patterns of tumour invasion and differentiation, together with
cervical node involvement, to be the most important (Rogers et al., 2009). Indeed, lymph node dens-
ity has consistently been shown to be a significant predictor of 5-year survival (Gil et al., 2009), with
nodal metastasis being significantly related to tumour grade, depth and invasion (Larsen et al., 2009).

The co-morbidity burden is particularly important in OPSCC patients because almost 60% have con-
current illnesses at the time of diagnosis (Paleri et al., 2010). Patients with numerous co-morbidities are
more likely to have diagnostic delays and post-operative complications, and be limited in the aggressive-
ness of any treatment (Paleri ez al., 2010). Additionally, the interval from initial treatment to recurrence
has been shown to affect prognosis, with those who demonstrate recurrence in less than 18 months more
likely to die (Miicke ez al., 2009).
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Figure 4.10. Surgical approaches to oral cancer: (a) preoral; (b) mandibulotomy; (c) lower cheek flap approach;
(d) visor flap approach; (e) upper cheek flap approach.
Source: Shah and Gil, 2009.

Table 4.5. Flaps used in oral reconstructive surgery.

Fasciocutaneous Skin, subcutaneous tissue and fascia Radial forearm

Anterolateral thigh perforator flap
Myocutaneous Skin and muscle Latissimus dorsi

Rectus abdomins

Pectoralis major flap
Composite Bone and soft tissue Fibula free flap

Scapula free flap

DCIA flap, either:

— DCIA osseocutaneous perforator flaps; or

— DCIA bone with internal oblique muscle flap

DCIA = descending circumflex iliac artery.
Source: Adapted from Kalavrezos & Bhandari, 2010.4
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Studies have consistently shown that HPV-positive oropharyngeal cancer responds better to chemother-
apy and radiation (Hennessey, Westra & Califano, 2009; Marur et al., 2010), with overall survival at 2 years
of 94% compared with 58% in HPV-negative cancers (Fakhry er al., 2008). Additionally, HPV-positive can-
cers showed lower rates of locoregional failure to respond to treatment and of a second primary tumour. As
this subset of patients is less likely to be exposed to the traditional lifestyle risk factors associated with oral
cancer, they do not have the co-morbidity burdens associated with them, or the field cancerisation caused by
them (Westra, 2009; Marur et al., 2010), which explains why they may do better. As these patients also typi-
cally do not have a mutated p53 gene, they possess a better apoptotic cellular response that helps to destroy
any abnormal cells created by the treatment modalities (Hennessey, Westra & Califano, 2009).

9.1. Second primary malignancy

Second primary malignancies account for a third of deaths secondary to HNSCC (which is three times
the amount caused by metastatic disease), thus making it the main long-term cause of mortality in
HNSCC patients. They also illustrate the concept of field cancerisation, with their risk and distribution
varying greatly by the subsite of the index cancer (Morris et al., 2011).
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Burns
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1. INTRODUCTION

The skin is the most extensive organ of the human body: it keeps it separate from the external environ-
ment, regulates its temperature and protects it from infection. However, this barrier can be destroyed in
1 second when burned.

Burns still constitute one of the main accidents in homes and industry, and are also linked to social
and economic risk factors. A good education and awareness of this problem is the first pillar in decreas-
ing the morbidity and mortality rates caused by burns. The second fundamental pillar is prompting
assistance and adequate treatment to improve outcomes and avoid complications.

Despite the advances in tissue engineering and surgical techniques, burn wounds are a constant chal-
lenge for health-care professionals, from the emergency department doctor to the plastic surgeon.

2. EPIDEMIOLOGY

Burns are responsible for around 265,000 deaths every year worldwide and are an important cause of
temporary and permanent disability in children. Approximately 11 million people worldwide required
medical care for burns in 2004. According to recent data, the number of patients killed by exposure to
smoke, fire and flames was 193 in 2012 in England and Wales.

Paediatric burn injuries usually occur at home while cooking. However, while most burns in women
mostly occur at home, most burns in men occur outdoors and at work and most burns in the elderly
occur in the bathroom (Randic er al., 2002; WHO, 2008; CDC, 2008; Peck, 2011; Office of National
Statistics, 2012).

103



104 TEXTBOOK OF PLASTIC AND RECONSTRUCTIVE SURGERY

3. TYPES OF BURNS

It is important to mention that different types of burns are classified according to the mechanism of
injury; however, in general, burns are classified according to their depth and surface area (Table 5.1 and
Figure 5.1). These are the most relevant types of burns (a complete description of cold-induced injuries
is not included in this chapter).

3.1. Thermal burns

3.1.1. Flash and flame burns

Flame is the most common cause of burns in adults and elderly individuals are the main population
affected by this type of burn in England and Wales. Flames produce deep burns especially if clothes have
been on fire, and are usually associated with inhalational injury and trauma. On the other hand, flash
burns produce injuries that differ depending on the type and amount of fuel that explodes (Hijar-Medina
et al., 1992; Forjuoh, 1998; Lentz, 2009; Sanford and Gamelli, 2014).

3.1.2. Scalds

Scalds are the main cause of burns in children and frequently in elderly people. In Europe, 25%
of patients hospitalised for thermal injuries are children aged 0—4 years; of these, 90% suffer from
scalds and in 90%, the total body surface area (TBSA) affected was <20%. Scalds are usually
caused by spilling hot water or by using too hot water for bathing. Toddlers that accidentally fall
into a bath of hot water will struggle and move about, thus producing multiple splash burns and
making the border of the injury ill-defined. This type of burn depends not only on the water temper-
ature but also on the skin thickness and duration of exposure (Hijar-Medina et al., 1992; Forjuoh,
1998; Lentz, 2009).

Scalds can also be caused by grease and hot oils, which produce deeper burns. Usually, patients who
have grease burns on their lower extremities require surgery (Schubert et al., 1990; Bill et al., 1996;
Klein et al., 2005).

3.1.3. Contact burns

Contact burns are common in industry; loss of consciousness (for different reasons) is the main cause.
Hot metal, plastic, glass and coal are the main elements that produce this type of burn. Their severity
hinges on the time of exposure (Steinstraesser and Al-Benna, 2013; Sanford and Gamelli, 2014).
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3.1.4. Tar burns

Tar is a viscous, waxy substance derived from petroleum that has a high boiling point (140-232°C) and
various industrial applications, such as surfacing roads and roofing (Stratta et al., 1983; Steinstraesser
and Al-Benna, 2013).

Tar is associated with deep burns for three reasons: (1) when splashed, it cools rapidly to between
93°C and 104°C in the air; (2) when it contacts the skin, it cools and solidifies; and (3) it adheres to the
skin, producing a continuous injury (Demling ef al., 1980; Bose and Tredget, 1982; Stratta et al., 1983).

If the tar is still hot when the patient arrives to the medical facility, it should be rapidly cooled with
room temperature water to prevent deeper burns; however, removal is not essential despite allowing an
early assessment of the injury. Mechanical or manual debridement is painful and will also remove viable
underlying skin; therefore, the tar should only be removed by qualified personnel (Demling et al., 1980;
Bose and Tredget, 1982; Stratta et al., 1983; Robinett et al., 2010; Steinstraesser and Al-Benna, 2013).

3.2. Chemical burns

Different sorts of chemicals can affect not only the skin but also other organs. The most frequent sub-
stances that produce chemical burns are sodium hypochlorite, phenol, white phosphorous, sulphuric
acid, mustards, arsenicals and halogenated oximes.

3.2.1.  Sodium hypochlorite

Commonly known as household bleach, this is a strong alkaline solution that causes protein coagulation
and, when ingested, oesophageal constriction and perforation of the stomach. This type of burn depends
on the concentration of the solution rather than the duration of exposure. Therefore, skin should be washed
thoroughly with a large volume of water (Racioppi et al., 1994; Steinstraesser and Al-Benna, 2013).

3.2.2. Phenol (carbolic acid)

Carbolic acid or phenol is an aromatic hydrocarbon that was first used for its antiseptic properties by
Joseph Lister in 1865 (Lister, 1867). It is also used in chemical face peels and as a topical anaesthetic
for skin and mucous membranes. Superficial burns caused by phenol produce a light grey lesion and
deep burns are black. This type of burn is usually painless or somewhat uncomfortable because it causes
demyelination of nerves and the destruction of nerve endings. It is highly lipid-soluble and therefore
easily absorbed through the skin causing, in the worst cases, death from dysrhythmias, haemolysis and
cerebral oedema. Therefore, emergency treatment is cleaning the skin with a large volume of water and
gently wiping away the chemical with a sponge soaked in undiluted polyethylene glycol (PEG 300 or



106 TEXTBOOK OF PLASTIC AND RECONSTRUCTIVE SURGERY

400). After that, the affected area should be washed with soap and water (Warner and Harper, 1985;
Horch et al., 1994; Newsom, 2003; Lin et al., 2006).

3.2.3. White phosphorous

There are two form of phosphorous: red, which is insoluble, non-absorbable and non-toxic; and yellow,
better known as white phosphorous, which has a scent like garlic and is highly toxic because of its high
lipid solubility and easy penetration of the skin. White phosphorous is a yellowish, waxy, translucent
solid element that melts at 44°C and spontaneously ignites at 34°C unless kept in oil. It is used in
munitions, incendiary weapons, fireworks, insecticides and fertilisers. On the skin, white phosphorous
causes both chemical and thermal injury. It oxidises adjacent tissue and generates heat to produce a
painful thermal burn. The aim of treatment is to prevent further absorption and thus avoid systemic
toxicity such as hypocalcaemia and acute central nervous system depression. Therefore, the skin should
be cleaned with a large volume of water and removable pieces of phosphorous should be picked out.
Non-removable pieces require excision in the operating theatre and should be kept wet to prevent spon-
taneous combustion (Eldad and Simon, 1991; Chou et al., 2001).

3.2.4. Sulphuric acid

Sulphuric acid is a desiccant that has many industrial applications. It is used in lead—acid batteries, ferti-
lisers, wastewater processing and chemical production. Its reaction with water is highly exothermic and
it produces almost immediate coagulative necrosis of the skin and subcutaneous tissues. Deep dermal
burns have a bronzed leathery appearance with deep ulceration underneath. The immediate treatment is
to irrigate the skin with copious amounts of water and soap, and irrigation should continue until there
is no pain or pH paper shows no acidic reaction. An experimental study showed that if sulphuric acid is
left for more than a minute without treatment, then the burn will become full thickness, needing early
excision and repair (Van, 1962; Husain et al., 1989).

3.2.5. Sulphur mustard

Sulphur mustard is a transparent, amber-coloured, oily alkaline agent. It easily penetrates clothing and
the skin, and inhalation causes necrosis of lung parenchyma. It binds to the DNA of skin cells, causing
cell death and the formation of vesicles. Despite its well-known mechanism of action toward DNA, it is
still not understood why the epidermis separates from the dermis to form vesicles. Immediate treatment
is to remove contaminated clothing and perform skin decontamination with either a passive (Fuller’s
earth) or active substance (reactive skin decontamination lotion or Dutch powder). Superficial injuries
will not require surgical intervention and will spontaneously resolve within a few days to a week; how-
ever, they are painful. A recent in vivo study showed that dermal application over the exposed area of
a formulation composed of N,N'-dichloro-bis[2,4,6-trichlorophenyl]urea plus Aloe vera plus betaine
(DRDE/WH-01) promotes re-epithelialisation, angiogenesis and fibroplasia and could be used as
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decontaminant and wound healant for injuries caused by sulphur mustard (Mellor et al., 1991; Wormser,
1991; Casillas et al., 2000; Evison et al., 2002; Lomash and Pant, 2014).

3.3. Electrical burns

Electrical burns are also caused by certain hazardous occupations (e.g. railway workers, electrical work-
ers); therefore, a good diagnosis of the damage relies on a good medical history. Electrical burns are
classified as high voltage (>1000V), low voltage (<1000V) and those caused by lightning (Mangelsdorff
et al.,2011; Sanford and Gamelli, 2014).

The degree of damage is usually more extensive than perceived on initial examination. Electricity
generates heat while flowing through the body, thus affecting not only the skin but also all other tissues
and organs it passes through on its way to the bone. Low-voltage burns cause a small partial-thickness
injury in most cases. However, high-voltage injuries usually cause large skin lesions with necrosis at
the contact point and even deeper, and thus a series of damage types from compartment syndrome
to multiorgan injury need to be quickly identified so that the correct treatment can be started. These
wounds are potentially life-threatening or disabling (Mangelsdorff et al., 2011; Steinstraesser and
Al-Benna, 2013; Sanford and Gamelli, 2014).

3.4. Burns as a sign of abuse

Burns can be a sign of abuse: this is more common in the paediatric population but can also be seen in
the elderly and people with disabilities. A thorough clinical and social history is especially important if
there is a suspicion that burn wounds could be caused intentionally by another person. An inadequate
social environment such as young parents, a dysfunctional family or a previous history of abuse should
raise suspicion (O’Neill et al., 1973; Hight et al., 1979; Peck, 2012; Wibbenmeyer et al., 2014).

Children aged less than 5 years are most commonly affected. Burns represent 44% of cases of
abuse and scalds are the most common; most compromise <5% of TBSA (Figure 5.4; Hobbs, 1986;
Wibbenmeyer et al., 2014).

3.5. Recognise an accidental scalding

In the case of a true accidental burn, most adults are alarmed by the injuries produced and look for medi-
cal assistance. When taking the medical history of a burned patient, especially toddlers, the first thing to
do (if possible) is to corroborate the history given by the care giver with the history given by the child,
the social context and the appearance of the burn wounds. Accidental scalding burns tend to have an
irregular shape and distribution, and children commonly suffer this type of burn because of their lack of
stature. Hot liquid usually comes from above, giving a typical cascade scald involving the chin, neck,
shoulder and chest regions (Daria et al., 2004; Wibbenmeyer et al., 2014).
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3.6. Indicators for suspicion

Suspicion should be raised when there is a delay in seeking medical help, when burn injuries have clear
edges, no splash marks and a limited anatomical distribution, and when an inconsistent history is pro-
vided by the carer, especially if the mode and time of injury given in the history do not correlate with
the pattern and appearance of the wound. Suspicion should also be raised when the child does not seek
the carer for comfort or when a toddler is quiet or unresponsive. There may also be other lesions that
indicate physical abuse (Hobbs, 1986; Wibbenmeyer et al., 2014)

3.7. Recognised patterns on injury

The same objects that cause accidental burns can also be used to cause intentional burns, but certain
recognised patterns are useful for distinguishing these burn types. Usually accidental contact occurs
for a short period of time and involves a small part of the hot object, leaving a burn area with unclear
margins. However, premeditated burns are usually formed by a larger portion of the hot object, leaving
a symmetrical deep injury with clear margins, sometimes affecting covered areas such as the buttocks
and perineum (Daria et al., 2004; Wibbenmeyer et al., 2014).

3.7.1. Cigarette burns

As a sign of abuse, cigarette injuries are usually multiple, are often found on the palms, soles and but-
tocks, and present as deep, circular burns approximately 1 cm in diameter. It is common to also find
older scars on other parts of the body. In contrast, an accidental cigarette burn caused by the child brush-
ing against a glowing cigarette tends to be oval or elongated in outline, superficial and single (O’Neill
et al., 1973; Hobbs, 1986).

3.7.2. Electrical burns

Abusive electrical burns also tend to be multiple, affecting areas such as the face, trunk and upper limb
and producing deep coagulative necrosing injuries. Accidental electrical burns in young children fre-
quently occur at the corners of the mouth or on the hands (Hobbs, 1986).

3.7.3. Scalds

Scalds are the most common type of abusive injury. Although it may be difficult to determine whether a
scald is accidental (e.g. because the whole body may be affected), some small details should be considered.

If scalding happens in a sink or bath, the bottom of the vessel remains at a lower temperature than
the water inside it; therefore, if a child is immersed in the water, the palms and soles will often not be
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burned because they are in contact with the bottom of the bath. A similar pattern will appear in children
who held their knees in a flexed position against their abdomen: the flexor areas of knees and the lower
abdomen will not be affected, and nor will the anterior part of thighs. If the hands or feet were forcibly
held in hot water, the typical scald pattern resembles a glove or stocking. In addition, in these cases the
margins of the burn will be clear and it is rare to find splash marks.

Another scald burn pattern commonly called ‘head first, face down’ (Figure 5.3) occurs when the
head (facing down) is immersed in a sink containing hot water. In this type of burn, the neck usu-
ally has little or no damage because it is compressed against the back wall of the sink; there may also
be little damage around the eyes because the child has closed the eyes tightly (O’Neill et al., 1973;
Feldman et al., 1978; Hight et al., 1979; Hobbs, 1986; Stratman and Melski, 2002; Daria et al., 2004;
Wibbenmeyer et al., 2014).

To summarise, some of the main aspects of burns as a sign of abuse are (see also Figure 5.4;
Hobbs, 1986):

1. Repeated burns or burns occurring in a pattern of repeated injury
Injury incompatible with the history

3. Inappropriate parental response — delay seeking treatment, blaming the child or a sibling, denial
that the lesion is a burn

4. Changes in the history; absence of eye-witness accounts

O

Site — hand, especially back and wrist, buttocks, and feet and legs
6. Type — contact burns in unusual sites showing clear outline of object or scalds with clear-cut edges
or a glove and stocking distribution.

4. PATHOPHYSIOLOGY

Exposure of the skin to high temperatures results into two responses: local and systemic

4.1. Local response

In 1947, Jackson introduced the three areas of local response: zones of coagulation, stasis and hyperae-
mia. The zones are three-dimensional. Therefore, increased tissue loss will lead to both deepening and
widening of the wound (Figure 5.2).

4.1.1. Zone of coagulation

Cells in the immediate area of contact die and the surrounding tissue coagulates and denatures. There is
no blood circulation in this area.
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4.1.2. Zone of stasis

Blood perfusion is decreased but the tissue may be salvageable. Burn resuscitation is essential to pre-
vent additional damage. Increased damage could occur because of prolonged hypoperfusion, oedema
and infection.

4.1.3. Zone of hyperaemia

This is the outermost zone; perfusion is increased and tissue here will recover unless there is another
insult such as sepsis or hypoperfusion (Hettiaratchy and Dziewulski, 2004; Evers et al., 2010).

4.2. Systemic response

The whole body is affected by the release of cytokines and other inflammatory mediators from the
wound site. However, when the TBSA exceeds 30%, a systemic effect becomes apparent. Systemic
effects may be (Hettiaratchy and Dziewulski, 2004; Neligan et al., 2013):

B Cardiovascular — decreased myocardial contractility, increased capillary permeability,
and peripheral vasoconstriction, which may lead to systemic hypotension and end-organ
hypoperfusion.

B Respiratory — bronchoconstriction caused by inflammatory mediators that, in severe cases, could
result in adult respiratory distress syndrome.

B Metabolic — if the metabolic rate is increased to three times the original rate, early and aggressive
enteral feeding may be needed to maintain gut integrity.

B /mmunological — the immune response is downregulated, affecting both cell-mediated and
humoral responses.

5. WOUND HEALING

Wound healing is a complex process requiring a number of biological and physiological phases to accom-
plish proper wound closure. These phases are haemostasis, inflammation, proliferation and remodelling.

5.1. Haemostasis

Loss of blood from damaged capillaries and vessels is halted by vasoconstriction and the formation of
blood clots. Blood clots formed from fibrin and platelets act as a temporary matrix for the wound and
prevent foreign body infiltration.



BURNS 11

5.2. Inflammation

The degranulation of platelets and the release of different cytokines and growth factors act as a chemo-
attractant for inflammatory cells, epithelial cells and inflammatory factors. For the wound to proceed to
the next phase, it must be sterile. This usually occurs after 2—3 days for normal wounds.

5.3. Proliferation

Macrophages at the wound site release a number of growth factors that activate and attract endothelial
cells, fibroblasts and keratinocytes. As granulation tissue forms, a microvascular network infiltrates the
wound for perfusion. Together, the wound filling with granulation tissue and complete epithelialisation
signal the end of the proliferative phase.

5.4. Remodelling

This phase lasts for 1-2 years and may take longer. It is characterised by increasing tension and strength
of the tissue and by type 3 collagen being replaced by type 1. Normal dermis contains 80% type 1 col-
lagen and 20% type 3; however, in injured wounds, the proportion of type 3 collagen may increase up to
40% (Velnar et al., 2009; Zahedi et al., 2010).

6. ACUTE MANAGEMENT AND ASSESSMENT

The first step in managing a burn victim is to remove them from the harmful environment. Burn patients
are handled as critically ill patients by conducting an initial primary survey and then a detailed second-
ary survey. Initial assessment of the airway is crucial, accompanied by an assessment of breathing and
circulation. Basically, ‘ABC’ (see Section 6.1) assessment is performed, followed by assessment of any
coexisting injury that needs prompt attention. It is important to remember to remove any material that
retains heat such as jewellery, clothing and watches. Oxygen should be delivered as soon as possible and
an inhalation injury should always be suspected. Cooling of the wound with room temperature water to
disperse heat from the wound can then be done, but cold water or ice water should not be used because
they can cause hypothermia. Some burn injuries can be treated in primary care units but others need a
specialised burn centre, including (Cancio, 2014):

B Those requiring burn shock resuscitation.

B Partial-thickness burns affecting >10% TBSA, especially in medically fragile patients.
B Burns involving the face, hands, feet, genitalia, perineum or major joints.

B Deep and full-thickness burns in any age of patient.
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Circumferential burns in any patient group.
Special types of injuries — electrical, chemical and lightning.
Where there is suspicion of an inhalation injury.

A burn of any size accompanied by concomitant trauma or disease.

6.1. Primary survey

When arriving at the emergency department, the primary survey assesses ‘ABCDEF’:
A — Airway with cervical spine control

B — Breathing

C — Circulation

D — Neurological disability

E — Exposure

F — Fluid resuscitation.

A proper history is vital for appropriate treatment planning. Some key points in history taking are:

B The mechanism of the injury

The nature of the injury (scald, flame, flash, electrical, chemical)
Time of the injury

What the treatment was started

Any risk of associated injury (such as fall or explosion)

Loss of consciousness.

o O O O O

B Suspicion of inhalation injury
o Whether it occurred in a closed or open area
o How long the patient was exposed to smoke
o When fluid resuscitation was started.

B Past medical history
o Allergy
o Medical illness
o  Asthma
o Tetanus status.

Early intubation should be performed to secure the airway because smoke inhalation causes more
than 50% of fire-related injuries. The airway can be examined by a laryngoscope and the bronchial tree
by a bronchoscope. Patients who are breathing spontaneously and at risk of inhalation injury should be
placed on high-flow humidified oxygen to reduce the risk of airway collapse. A chest X-ray should be
done, although it lacks sensitivity for inhalation injuries. Carbon monoxide poisoning is a recognised
complication of inhalation injury. Pulse oximetry does not accurately calculate carbon monoxide expo-
sure, so other means such as arterial blood gas analysis and bronchoscopy should be performed. Patients
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with carbon monoxide poisoning should be placed on 100% oxygen using a non-rebreather face mask
(Neligan et al., 2013; Cancio, 2014).
Signs of inhalation injury are:

Flame burns

Burns that occur in an enclosed space

Full or deep-thickness burns to the face or neck
Singed nasal hair and eyebrows

Carbonaceous sputum

Hoarseness, stridor or wheezing.
Indications for intubation are:

Swelling of the oropharynx on direct visualisation
Change in the voice, with hoarseness or a harsh cough
Stridor, tachypnea or dyspnoea

Carbonaceous particles on patient’s face.

Fluid resuscitation should be initiated for adults with more than 20% of TBSA affected and for
children with 10-15% of TBSA affected. The Parkland formula for burn resuscitation is the most
used formula: 4 ml x kg x TBSA. This calculates the amount of fluid that should be given in 24
hours: half in the first 8 hours and the other half over the next 16 hours. If intravenous access can-
not be established, an interosseous line should be placed through the tibia. Urine output should be
measured by inserting a Foley catheter to assess the fluid balance. Urine output should be maintained
at 0.5-1.0 ml/kg per hour and any signs of change in the urine should be noted. The pulse rate and
blood pressure should be monitored closely. Non-invasive blood pressure measurements are some-
times unreliable because of interference by tissue oedema. A radial arterial line is the first choice,
but if this is not possible then a femoral catheter could be established (Neligan et al., 2013; Brown
etal.,2014).

6.2. Secondary survey

After completing the primary survey, a secondary survey should include an assessment of the depth and
percentage TBSA of burn wounds. TBSA can be calculated in adults by the Wallace ‘rule of nine’; for
children, a unique calculation should be performed (see Figure 5.5). Depths of wounds are categorised
into four parts (see Figure 5.1; Vojvodic et al., 2014):

B Epidermal — only the epidermis is involved and sensation is still intact, wound can be painful and
should be allowed to heal by itself for about 7 days.

B Superficial partial thickness — epidermis and part of the papillary dermis is damaged, usually very
painful. Blistering may occur and the wound blanches. These wounds should be left alone to heal
for about 14 days.
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B Deep partial thickness — the entire epidermis and the papillary dermis is destroyed with part of
the reticular dermis. Sensation can be lost and large blisters may form. Proper care for this type of
wound should be provided with surgery and dressing. These take about 14-21 days to heal.

B Full thickness — the entire thickness of the skin is lost, possibly with deeper tissue. There
are no blisters or sensation. They don’t heal spontaneously; a skin graft is needed if depth
exceeds >1 cm.

7. WOUND MANAGEMENT

7.1. Topical ointments

Silver sulfadiazine is the most common ointment used. It has a half-life of 10 hours and a good antibac-
terial spectrum. It is important to consider that in some patients it causes temporary leucopaenia when
used on large body areas; however, it does not increase the risk of infection (Caffee and Bingham, 1982;
Choban and Marshall, 1987).

Mafenide is another ointment often used for full-thickness burns; it has a bacteriostatic action. It has
two main side effects: it causes pain during initial applications; and when used for wide burns, it pro-
duces metabolic acidosis due to inhibition of carbonic anhydrase (Shuck and Moncrief, 1969; Liebman
etal., 1982; Lee et al., 1988).

Silver nitrate is another compound used for burn wound healing. An alternative version of this com-
pound (Acticoat) was developed using silver nanoparticles; however, studies have not proven its safety
with regard to keratinocyte and fibroblast toxicity. Recently, a safer hydrogel was developed by modify-
ing this compound using y-irradiation. It has good antibacterial action against Pseudomonas aeruginosa
and methicillin-resistant Staphylococcus aureus, but further research should be done to corroborate this
effect (Fong and Wood, 2006; Boonkaew et al., 2014).

7.2. Wound dressings

An ideal dressing should (Schiestl et al., 2013):

B Provide maximal support for wound healing
Provide maximal protection against infection
Cause minimal pain during dressing changes without anaesthesia

Have a minimal cost.

However, the ideal wound dressing does not exist and so research is continuing to find the best bio-
material. The most basic and common wound burn dressing is gauze covered with soft paraffin, which
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helps prevent adherence to the wound. A topical antiseptic can be applied and covered with gauze.
However, this type of dressing is only useful for first- and second-degree burns (Schiestl et al., 2013).

7.2.1. Biological wound dressings

The treatment of choice for excised burn wounds is an autograft but, in patients in whom a considerable
surface area is affected, donor site may be very limited. Therefore, they need a temporary skin substi-
tute that can be applied while donor sites re-epithelialise. For these patients, the main biological wound
dressing is a skin allograft from a cadaver. If it is properly preserved, this skin is viable and revascular-
ises in the patient wound bed. Patients with massive burns are immunocompromised, but will eventually
start to develop an inflammatory infiltrate and this skin allograft will be rejected (Chan et al., 2012;
Steinstraesser and Al-Benna, 2013).

A good, cheaper alternative to this biological dressing is a cultured epidermal autograft made with
cultured keratinocytes taken from neonatal foreskins obtained from circumcisions. However, they are
only a temporary coverage because they are also rejected (Steinstraesser and Al-Benna, 2013).

Recent research focussing on the development of skin substitutes using stem cells obtained from
debrided burn skin has shown promising results. The different layers of the skin can develop if they are
added to an appropriate scaffold (Table 5.2; Chan et al., 2012).

7.2.2. Physiological wound dressings

Synthetic dressings are an excellent alternative for covering burn wounds, especially for second-degree
burns. Their function is to stimulate skin regeneration and act as a barrier to prevent infections. Therefore
synthetic dressings do not work properly on full-thickness burn injuries because they do not adhere
properly and become a risk factor for infections as they do not have antimicrobial properties. However,
more complex synthetic dressings are not becoming widely available because of their cost (Singer and
Dagum, 2008; Schiestl et al., 2013; Steinstraesser and Al-Benna, 2013; Wasiak et al., 2013).

8. CONCLUSION

Burn injuries are rarely conventional; most are associated with a number of insults. Each type of injury
needs proper identification, assessment and management. The main goal in burn management is to
deliver the necessary support for the cardiac, respiratory and renal systems and avoid end-organ damage.
Secondary treatment includes the adequate debridement of dead tissue, repair of salvageable tissue with
wound care and dressing changes, and skin grafting. Finally, the rehabilitation stage aims to return the
patient to their pre-injured state. Proper judgement and actions contribute to decreased mortality and
morbidity rates.
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9. APPENDIX

Table 5.1. Classification of burns by depth and surface area.

Levels Depth Total body surface area Appearance
First degree Superficial <10% in adults, <5% in Erythematous
children or elderly, <2% for Painful
full-thickness burn
Second degree Superficial partial 10-20% in adults, 5-10% in Clear blisters
thickness children or elderly, 2-5% for Painful
full-thickness burn Sensitive
Blanch to touch
Deep partial Haemorrhagic blisters
thickness White or pale injured dermis
Do not blanch to touch
Third degree Full thickness >20% in adults, >10% in Dark brown or tan
children and elderly, >5% for Leathery texture
full-thickness burn Insensitive to touch

Table 5.2. Skin substitutes.

Product Category Wound uses Method of use
Human allograft Split thickness skin Partial thickness Temporary
Human amnion Epidermis—dermis Partial thickness Temporary
Xenograft-pig skin Dermis Partial thickness Temporary
Biobran® Synthetic epidermis and dermis Superficial partial thickness Temporary
Oasis® Bioactive dermal-like matrix Superficial partial thickness Temporary
Transcyte® Bioactive dermal matrix Superficial partial thickness Temporary
Duoderm® Synthetic epidermis and dermis Superficial partial thickness Temporary
Opsite® Synthetic epidermis and dermis Superficial partial thickness Temporary
Suprathel® Synthetic epidermis and dermis Superficial partial thickness Temporary
Tegaderm® Synthetic epidermis and dermis Superficial partial thickness Temporary
Apligraf® Composite of epidermis Deep partial thickness Permanent
and dermis
OrCel® Composite of epidermis Deep partial thickness and Permanent
and dermis donor site
Epicel® Epidermis Deep partial and full thickness Permanent
Aloderm® Dermis Deep partial and full thickness Permanent
Integra® Biosynthetic dermis Full thickness Permanent

Sources: Neligan et al. (2013), Snyder et al. (2012) and Shevchenko ez al. (2010).
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First degree Second degree Third degree
superficial

Figure 5.1. Depths of burn wounds.

Zone of coagulation

Zone of stasis

Zone of hyperaemia

Figure 5.2. Jackson’s areas of local response.
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Figure 5.3. ‘Head first, face down’ sink immersion. Source: Daria er al. (2004).

Accidental

Head/neck
2 (13%)

Upper arm/shoulder
Single 2 (13%)
Bilateral 2 (13%)

Anterior trunk
4 (25%)

Upper leg
Single 1 (6%)
Bilateral 6 (38%)

Lower leg/foot
Single 3 (19%)
Bilateral 4 (25%)*

Abuse

Head/neck
1 (17%)

Upper arm/shoulder
Single 0 (0%)
Bilateral 0 (0%)

Anterior trunk
0 (0%)

Upper leg
Single 0 (0%)
Bilateral 3 (50%)

Lower leg/foot
Single 0 (0%)
Bilateral 6 (100%)*

Accidental

Back
4 (25%)

Lower arm/hand
Single 6 (38%)
Bilateral 2 (13%)

Buttocks/perineum
2 (13%)*

Abuse

Back
0 (0%)

Lower arm/hand
Single 0 (0%)
Bilateral 2 (33%)

Buttocks/perineum
4 (67%)*

Figure 5.4. Distribution of inflicted and unintentional burns on young children. Source: Daria et al. (2004).
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Child body % of total Adult body % of total

Part BSA Part BSA
Arm 9% Arm 9%
Head and neck 18% Head 9%
Leg 14% Neck 1%
Anterior trunk 18% Leg 18%
Posterior trunk 18% Anterior trunk 18%

Posterior trunk 18%

Figure 5.5. Rule of nine. Source: http://emedicine.medscape.com/article/934173-diagnosis.
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Burn Reconstructive Surgery

Barinder Takhar, Ahmad B. Al-Ali, Naime Moimen

1. INTRODUCTION

Burns can be horrific injuries and can vary greatly in severity, often resulting in significant physical
and psychological impact on the patient’s health and well-being. The resulting injuries can cause func-
tional and aesthetic problems, as well as significant morbidity and mortality. This chapter describes the
process of reconstructive surgery after burns, the reconstruction options available and the principles of
reconstructive surgery including the reconstructive ladder.

Advances in reconstructive surgery due to new materials and techniques for the management of burns
have benefited burn survivors via improving the physical appearance and function, thus improving their
quality of life. However, a balance must be achieved for a realistic approach that harmonises the patient’s
expectations with the probable outcomes of reconstructive surgery (McGregor, 2001).

This chapter will discuss the reconstruction of burns following the initial stages of acute management,
resuscitation and stabilisation. The options for reconstructive surgery will be discussed as well as the
indications, advantages and disadvantages. Tips on surgical technique will be included about the timing
of surgery and the essentials in management of these patients.

Any surgeon undertaking burn reconstruction must have a good understanding of wound healing
and scar maturation to plan the time of reconstruction. The reconstructive surgeon must also have a
sound knowledge of all surgical techniques and the aftercare required (usually in conjunction with a
burn team).

2. AIMS AND CHALLENGES OF RECONSTRUCTIVE SURGERY

The aim of reconstructive surgery is primarily to restore function and then to restore aesthetics, thus
improving the patient’s quality of life. Burn patients will suffer late consequences as injuries due to
burns can result in a variety of problems, such as scar contractures, resulting in limited movement, pain,

122



BURN RECONSTRUCTIVE SURGERY 123

Table 6.1. Specific challenges associated with burn reconstructive surgery.

Extensive tissue loss Limited tissue donor sites and available tissue

Scars, multiple burn sites Need for multiple surgical procedures for
reconstruction and skin coverage

Burns to sensitive areas (face, genitalia, hands, feet) Post-operative pain

Impaired nutrition ‘Wounds, infections, burns

Lack of tissue pliability Delayed wound healing in burns patients, hyper-

metabolic response to burn injury

disfigurement, social embarrassment and isolation which can cause significant impact on a patient’s
quality of life.

The key to successful post-burn reconstruction is a well-planned and properly executed surgery com-
bination with a well-defined and comprehensive post-operative physical therapy programme (Shelley
et al., 2000). The combination of surgery and early physical therapy requires a balance to be achieved
between immobilisation of the patient to allow skin grafts and flaps to take and the healing and early
mobilisation of affected areas to restore function and range of motion in affected scar formation and
contractures. This aim of the multidisciplinary team is to help restore patients to society as active func-
tional members (Shelley et al., 2006).

Table 6.1 lists some of the key factors that must be considered during the process of reconstructive
surgery. The severity, extent and location of the burns as well as the availability of donor tissue and sites
are key factors in reconstruction. A comprehensive examination of all areas of the patient, both damaged
and undamaged, must be performed and then a plan for reconstructive surgery can be determined.

3. PATIENT-SURGEON RELATIONSHIP AND INITIAL
CONSULTATION

The process of reconstructive surgery can be complex and involves multiple surgical procedures. The
initial consultation with the surgeon is an important first step in the reconstructive process. At that time,
a complete and accurate overview of the patient’s problems is determined, possible solutions are con-
sidered and a relationship is initiated. The patient’s motivation for surgery, expectations of the results of
surgery and psychological status are determined.

All reconstructive possibilities are discussed with the patient, as well as the timing and order of pro-
cedures, so that the patient completely understands the process involved and the length of time required.
The need for post-operative physiotherapy and rehabilitation are considered, and an inventory of all
possible donor sites made (Shelley, 2006).

The initial consultation is a two-way process between the surgeon and patient. This is the initial stage
of development of a relationship between both the patient and surgeon as they will both likely be present
in each other’s lives for several years due to the multiple surgical procedures, reviews and consultations
that will take place. The patient will evaluate the surgeon’s conduct, communication and knowledge and
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Obtain complete history of acute hospitalisation followed by complete

examination prior to reconstruction.

Complete medical and surgical history Complete physical exam, UnE, FBC, CRP, COAG

Assessment of the severity of the burns/scars and tissue loss

complete records of all problems

Quality, Colour, Texture, Hyper-Hypopigmentation of Contractures, Atrophy, Open
Severity of burns and scars tissue wounds

Assess function and ROM

Skeletal Deformities. Scar contractures
may distract joints and result in an
abnormal position to overcome the

deformity

Note any Scar Contractures
at joints affecting range of
motion

Explore all affected joints and
Range of Motion

Figure 6.1. Consultation and assessment flow diagram.

their own level of comfort. Patients require not only the surgeon’s professional expertise but also time,
realistic optimism and compassion.

The patients should also be reviewed by the burn therapy team at the initial consultation or at a separate
consultation, depending on the patient’s circumstances, so that they can fully understand all the factors
including the surgeries, physiotherapy, rehabilitation, operative and post-operative complications involved
as well as the commitment required. The use of complete pre-operative assessment and a photographic
investigation is important to assist in the definitive pre-operative planning and post-operative care.

3.1. Initial physical assessment of a patient: A step-wise approach

A step-wise approach can be used at the initial assessment. Figure 6.1 presents a methodological
approach to the initial evaluation and assessment of patients so that a thorough understanding of the
severity of the burn can be obtained.

4. BURN RECONSTRUCTION PROCEDURES AND TECHNIQUES

The process of reconstructive surgery for burns is complex, depends on many factors and requires planning.
The location, severity and extent of burns will affect the reconstructive process and the timing and number
of stages required for reconstruction and determine whether any urgent procedures are required (Barrett
JP, 2004).

After the initial acute hospital management, the patient must then be completely assessed before
leaving the hospital to determine the degree and severity of the burns, the occurrence of contractures of
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scars and their effect on mobility, the range of motion of the joint, and whether any urgent procedures
are required.

The timing of reconstructive surgery of burns is variable: some require immediate reconstruction
to provide protection to vital organs or restore function, while definitive management is often usually
delayed for up to 1 year and sometimes longer depending on scar maturation and the degree of recon-
struction required.

5. TIMING OF SURGERY

The timing of surgery for the reconstruction of burns can be classified into three categories:

1. Urgent (immediate)
2. Essential (early)
3. Desirable (late).

5.1. Urgent (immediate) procedures

Urgent procedures must be performed immediately, i.e. before the patient leaves the hospital after the
acute management of the burn. This category is restricted to procedures that are important for correction
of a deformity or to provide coverage of exposed or severely damaged vital structures so as to preserve
function in vital areas and prevent further impairment. Common examples are ectropion or neck con-
tracture that compromises the airway.

5.2. Essential (early) procedures

These procedures help with non-vital functions and rehabilitation. Some mature burn scar contractures
are non-responsive to physical therapy and splinting, often as a result of hypertrophic scarring. This
can prevent a patient from performing their everyday activities. Essential procedures may, if performed
early, improve the patient’s final appearance and rehabilitation. Examples of those requiring early surgi-
cal intervention are small or large joint contractures that fail to respond to the therapy regimen.

5.3. Desirable (late) procedures

These procedures are generally aesthetic in nature, often resulting from scar contractures, tightness, pain
and discomfort. Late procedures are performed after burn scar maturation, often up to 1 year or longer
after injury, and the aim is to address the aesthetic and functional aspects of the burn injury. Examples
include face and breast reconstruction and reconstruction of passive areas of burns such as scar resurfac-
ing (e.g. on the trunk and extremities).
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Timing of surgery and procedures

@ Urgent
(Immediate)
@ Essential
- Release of eyelid
(Early)
- Protect the cornea to avoid @ Desirable

cicatrical ectropion

- Non-synechial neck (Late)

- Release of microstomia - contractures

severe contractures of the
mouth

- Contractures of major joints
(elbow, knee, ankle)

- Face and breast
reconstruction

- Release of compressed

neurovascular bundles
- Contractures of areas that

can limit mobility, e.g. axilla,
groin, and back

- Reconstruction of passive
areas, e.g. trunk and
extremities

- Release of synechia,
(severe neck contractures)
that limit neck extension

- Contractures of the hands

Figure 6.2. Timing of surgery and procedures.

Figure 6.2 shows a list of morbidities that are associated with burns and the need for intervention in
response to the injuries sustained. The timing or need for treatment is associated with certain pathologies
and depends on the severity and location of the burn as well as the urgency for life-saving interventions.
Patients suffering from burns can have life-threatening complications requiring immediate management
and other procedures can be delayed as there is no immediate threat to life or resulting in long-term
disability.

6. BURN RECONSTRUCTION PROCEDURES

A variety of procedures and techniques developed over the years have been modified for the treatment
of burns. This section aims to give an overview of the different recommended techniques and their indi-
cation, limitations, advantages and disadvantages. These methods are used in reconstruction to provide
wound coverage and restore function and aesthetics. Often, the process of reconstruction will require a
multidisciplinary team approach with multiple surgical procedures and phases in the management and
rehabilitation of patients (Barrett JP, 2004).
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6.1.

Factors influencing the reconstruction process

These include:

Sk Wb =

Patient’s needs

Severity and extent of scarring
Stage of scar maturation
Disability

Patient’s compliance
Available donor sites.

Patients will often require a combination of surgical procedures of varying degrees of complexity

depending on the size and severity of the burns. Thus, a tailored approach to reconstruction is required.

Surgeons should therefore be technically proficient in all aspects of reconstruction. The reconstructive

ladder (see Figure 6.3) aims to provide a guidance pathway for the process of reconstruction in which

the simplest means of reconstruction are first employed before proceeding to a more complex option.

The reconstructive ladder is a guidance pathway that helps provide a step-by-step approach in recon-

struction techniques, with the simplest techniques at the base of the pyramid and complexity and skill

increasing at each level. Free flaps are at the peak of the pyramid as they are the most complex proce-

dures requiring a high level of technical skill.

Free flap

A

Distant flap

A

Local flap

A

Tissue expansion

A

Full thickness skin graft

A

Split thickness graft

A

Delayed primary closure

A

A
Excision and primary closure

A

Healing by secondary intention

Figure 6.3. The reconstructive ladder for post-burn reconstruction.



128 TEXTBOOK OF PLASTIC AND RECONSTRUCTIVE SURGERY

* Healing by secondary intention
 Direct wound closure, primary closure and delayed
primary closure

Simple procedures

» Excision and skin grafting STSG; FTSG
* Dermal regeneration templates—skin substitutes

Moderate complexity T AL CUS el

* Local tissue transfer (rotational, transposition,
advancement flaps, local random flap, local pedicle
flap, axial)

* Regional tissue transfer (posterior interrosseus
Significant flap)

LR IVENCE o Distant tissue transfer

tecrzn'ﬁﬁ;k'” o Free flap transfer latissimus dorsi flap

. * Perforator flap transfer

Figure 6.4. Guidelines for the reconstructive process.

6.2. Guidelines for the reconstructive process

The process of reconstructive surgery for burns is a complex and often a long, protracted journey,
involving several surgeries and long periods of rehabilitation. Often patients suffering from significant
burns requiring surgery will require multiple procedures and often combinations of different techniques.
Figure 6.4 shows a table of procedures that can be employed in the management of burns. These all
vary in terms of complexity and the skill and technical ability required of the surgeon to perform these
techniques.

7. HEALING BY SECONDARY INTENTION AND PRIMARY CLOSURE

Healing via secondary intention refers to the natural healing of the body without any intervention, e.g.
apposition of wound edges. The process of healing occurs via wound contraction and the formulation of
granulation tissue followed by scarring (Barrett JP, 2004).
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Excision and primary closure is a simple method for the management of small burns and burns scars.
The scar is excised and closed by the immediate approximation of wound edges. The key principle is
that no tension should be applied to the wound edges. This is useful in areas where elasticity allows for
tension-free repair; it is only indicated for small, isolated, narrow scars.

Early primary wound closure is performed within 1-5 days, and delayed primary wound closure
within 6-12 days has similar advantages in reducing risk of septicaemia, mortality, morbidity, hospital
stay and the cost of treatment.

7.1. Advantages of primary closure

These include:

B Improved aesthetics
B Healing occurs more rapidly
B Simple, direct method that is not technically difficult.

7.2. Disadvantages of primary closure

These include:

B Only suitable for small, isolated scars

B Tension on the wound can result in wound dehiscence or delayed wound healing
B Distortion and unsightly scars

B Scar contracture painful scars.

8. EXCISION AND SKIN GRAFTING: FTSGS AND STSGS

Skin grafting refers to the acute coverage of burns rather than to reconstruction. This technique is impor-
tant because early excision and skin grafting reduces the presence of necrotic and infected tissue, thus
helping to reduce morbidity and mortality. Studies have shown that early wound excision and closure
(days 1-5) reduce the length of hospital stay and the costs of care. Early wound closure is associated
with a reduced severity of hypertrophic scarring, joint contractures and stiffness, thus helping to pro-
mote faster rehabilitation (O’Brien, 2009).

8.1. Skin grafts

Skin grafts can be full thickness (i.e. full-thickness skin grafts [FTSGs]) or split thickness (i.e.
split-thickness skin grafts [STSGs]). These are used as coverage for exposed tissues, tendons and bones,

and consist of epidermis and variable amounts of dermis. Once transferred, the graft will establish a
blood supply (Ong et al., 2006).
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Stagel: Adherence: formation of fibrin bonds between graft and its
recipient wound bed

Stage 2: Plasmatic imbibition — initial 24—28 hrs, refers to initial phase
where donor tissue receives nutrition through absorption from the
recipient site wound bed via capillary action. Development of a fibrin
network occurs to promote adhesion of the graft, and promotion of
vascular buds. Graft appears white and oedematous at this stage

Stage 3 : Revascularisation via inoscultation - 48—72 hrs can last up to
1 week. Vascular anastomosis between new and pre-existing vessels form,
also occur via revascularisation and neovascularisation

Stage 4 : Remodelling, to form normal architecture of the skin and also
after 1 week lymphatics and neural supply develop slowly over
several weeks.

Figure 6.5. The stages to graft healing ‘take’.

The process by which a graft adheres to the recipient site is termed fake. Graft take involves vascu-
lar ingrowth into the graft from the recipient bed and fibrous tissue fixation. Eventually, a lymphatic
system and neural supply will develop, but this a very slow, gradual process; however, vascularisation
is rapid.

The speed of vascularisation of the graft is dependent on the graft bed, the graft itself and the con-
ditions under which the graft is applied. Limitations of skin grafting are based on the availability of
unburned donor sites, the elasticity and pliability of the skin, and the vascular supply at the graft site.

The four stages of take are adherence, plasmatic imbibition, revascularisation and remodelling. Figure
6.5 provides a summary of the four stages.

9. SPLIT-THICKNESS SKIN GRAFTS

A STSG is the most frequently used donor tissue type for skin coverage. It consists of the epidermis and
varying amounts of dermis. The thickness can vary between 6/1000 and 12/1000 inch (0.196-0.294 mm)
according to the reconstruction needs.

Grafts greater than 12/1000 inch are not usually harvested because vascular integration of the graft
takes longer and there is an increased risk of delayed healing and the development of hypertrophic scar-
ring at the donor site. STSGs of >12/1000 inch are in fact similar to FTSGs (Muller, 2000) and these
grafts are taken with use of either hand-held (e.g. Watson’s knife), electrical or air-powered dermatomes.
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Repeat harvesting is possible for STSGs and expansion of the graft by the meshing method can be
done to increase the area covered. Small incisions are made to perforate the STSG to facilitate the
evacuation of blood exudate without compromising graft integrity. The combination of an STSG and
dermal skin substitutes can help improve the quality, elasticity, pliability of reconstructed tissue and the
aesthetic results (McCartan and Dinh, 2012; Wain et al., 2012).

9.1. STSG survival

The survival or rate of take of an STSG is dependent on adequate vascularity, nutrition and the absence
of infection (Muller, 2000).

STSG take is more reliable than FTSG take; therefore, an STSG can be applied to a potentially
contaminated wound. A patient with burn wounds that has just healed and requires a release of neck

contracture is an example of where an STSG is the ideal option, rather than an FTSG which requires a
clean wound environment.

On the other hand, an STSG has the disadvantage of contracting to almost half its original dimen-
sions. This has to be taken into consideration when planning surgery. In addition, hyperpigmentation in
non-Caucasian patients can occur, and discoloration of the grafts in Caucasians can also occur; both are
an unfavourable consequence of skin grafting. Choosing an anatomically similar site or the scalp as a
donor site can help to produce better aesthetic results. There are multiple factors that contribute to skin
graft ‘take’ — the process of graft adherence (see Figure 6.6). These factors are both local, for example,
poor blood supply to grafted area and thus poor vascularisation so poor healing; or systemic, such as
age and nutrition.

Reasons
for graft
failure

Local
factors

SR NI
=0 0] S Advanced
patient age.

Poor vascularity
exposed
avascularised
tendon or bone.

Hematoma; due
to poor
hemostasis.

. Malnutrition.
Poor haemostasis, Infection.

e.g. haematoma or
seroma under
graft.

Excessive
mobilisation

Areas of high contact,
friction, shear

(neck, genitals,
anorectal region).

Local tissue
hypoxia, e.g.
smoking, radiation
exposure.

Figure 6.6. Factors affecting skin graft ‘take’.
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technique.
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10. FULL-THICKNESS SKIN GRAFTS

FTSGs are mainly used in areas of anatomical and functional importance, such as the face, head,
eyelids, perioral areas and neck and functional areas such as the hands (Muller, 2000; Hales
etal., 2011).

FTSGs provide an aesthetic advantage over STSGs, but the colour, texture and thickness matches of
FTSGs can vary depending on the location of the donor site; thus, attempts must be made to match these
qualities.

An FTSG involves transfer of both the dermis and epidermis. Donor sites used for FTSGs are redun-
dant pliable skin areas such as post-auricular sulcus, supraclavicular, groin, upper inner arm and lower
abdominal or lateral thoracic skin (Field, 2010).

10.1. Tumescent infiltration

Tumescent infiltration is a procedure used to facilitate graft harvesting and reduce intra-operative blood
loss and post-operative pain. Tumescent infiltration of the donor and burn sites with subdermal injec-
tions of diluted local anaesthetic (1% lidocaine plus 0.25% bupivacaine with or without 1:1000 adrena-
line in 1 1 normal saline can be used).

10.2. Application of FTSGs

An FTSG is harvested by hand without the use of a dermatome and haemostasis is achieved to prevent
haematoma formation, exudate and infection. Tumescent infiltration at the donor and burn wound sites

is done to reduce post-operative pain and bleeding (Taifour Suliman, 2009).

Full-thickness skin graft in place at the forearm Two-week post-operative image of Two-year post-operative image of a
donor site. a forearm donor site reconstructed forearm donor site reconstructed
with a full-thickness skin graft with a full-thickness skin

from the neck. graft from the neck.

Figure 6.7. Full-thickness skin graft.
Source: Hanna et al. (2014).
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Table 6.2. Donor sites, advantages and disadvantages of FTSG and STSG.

Donor sites for STSG Advantages of STSG Disadvantages of STSG

Thigh and upper arm Ability to cover larger areas Fragility of donor skin

Surface of torso with less donor skin Abnormal pigmentation

Flexor aspect of forearm Donor sites can be Lack of smooth texture, alopecia

Lower leg re-harvested once healing Contractures (due to lack of dermal
complete. Usually within elements, and thus limited pliability
10-15 days and elasticity more likely to form

contractures)

Pain at donor site

Upper eyelid skin — for defects of other Improved texture, pliability, Limited availability of high-quality
eye elasticity donor skin,

Post auricular skin — very good for face, ~ Better colour match Limits size of graft that can be taken
good match, highly vascular

Supraclavicular skin — useful for the face Limited ability to harvest at donor sites

Upper arm skin, antecubital fossa, wrist ~ Increased resistance to Limited vascularity at recipient sites
crease, medial forearm useful flexion secondary contractures will affect graft survival. FTSG
contractures at hand have higher metabolic demands than

STSG

Thigh and abdominal area use for palm and
hands, not face (poor aesthetic match)

FTSG = full-thickness skin graft; STSG = split-thickness skin graft.

All subcutaneous adipose tissue is removed from the dermis of an FTSG before grafting, and the
donor site is managed with primary closure. The application of a bolster pressure dressing over the graft
reduces the risk of complications and helps to improve graft take.

Figure 6.7 shows the sequence of events in the healing of a full-thickness graft, and the images show
the stages immediately post graft to two years later. FTSG has the best composition of skin constituents
and provides the best cosmetic and functional results.

Table 6.2 provides a summary of possible donor sites, advantages and disadvantages for both full-
thickness skin grafts (FTSG) and split-thickness skin grafts (STSG).

10.3. Fixation of grafts

Several methods are used for the fixation of grafts: these include staples, sutures and glues. Glue fixation
includes two types of materials:

1. Cyanoacrylates adhesive — used for graft fixation to recipient sites.
2. Fibrin-based glue preparations — have been shown to reduce haemorrhage, improve graft adhesion,
possibly reduce bacterial wound infection and reduce the number of haematomas and seromas.
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Fibrin glue is expensive; it is manufactured from pooled blood and should only be used under special
circumstances such as bleeding tendency in a compromised patient.

Dermal regeneration templates: dermal skin substitutes

The development of biosynthetic skin substitutes has allowed the development of further reconstruc-
tive options. They can be used alone to provide a temporary covering or in conjunction with an STSG to
improve the outcome (Limova, 2010; Wain et al., 2012).

The standard paradigm of using STSGs provides wound coverage that rarely restores pre-morbid
function and aesthetics. There are two main challenges and significant clinical problems.

1. With extensive burns, exceeding 50—60% of total body surface area, there is donor site shortage
for autologous skin transplantation; thus, an alternative source for covering is required.

2. Conventional techniques used for skin coverage are based on skin grafting with STSGs (the gold
standard for defects). The STSG transfers all of the epidermis and part of the dermis; it often
results in scarring and can result in hypertrophic and keloid scarring.

Dermal skin substitutes are a useful new tool for post-burn reconstruction. They allow the reconstruc-
tive surgeon to excise wide areas of scarring affected by the burn and cover the wound with a dermal
template that forms a neodermis which provides a suitable bed for an STSG to be applied. This creates
a skin cover that is of better quality than that obtained with an STSG alone, and with less post-operative
contracture and recurrence of the deformity. However, this is still inferior to a full-thickness skin graft
which is the gold standard in grafting as it provides the best cosmetic and functional results but is of
limited availability (Moiemen et al., 2011).

11. The ideal properties of skin substitutes

Ideally skin substitutes should:

B Protect the wound from infection

Protect the wound from fluid loss

Provide a stable, biodegradable template for the synthesis of neodermal tissue
Host or enable the influx of cells that will function as dermal cells

Produce dermal tissue rather than scar tissue

Allow ease of handling

Resist tearing forces.

Over the last 30 years, significant advances have led to the development of several different types of
skin substitutes to provide both permanent and temporary coverage. Skin substitutes are based primarily
on acellular dermal matrices that allow neovascularisation and cellular infiltration from the wound bed.
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This has enabled further reconstructive options to be available to patients, especially those with large
surface areas affected and more severe burns.

11.1. Overview of currently available skin substitutes

During the last three decades, several dermal substitutes have been developed for both permanent use
and temporary use prior to replacement with skin grafts or flaps. Skin substitutes can be of autologous,
allogenic and xenogeneic sources. The most commonly used dermal substitute is an acellular dermal
matrix, which is produced by decellularising allogenic or xenogeneic dermal tissue. In this process, the
antigenic triggers of rejection are removed and a biodegradable scaffold for cell attachment is formed
to facilitate handling, leaving behind a non-immunogenic framework for cellular integration and skin
replacement. These dermal matrices aim to allow the ingrowth of fibroblasts, vascular tissues and cells
to promote dermis regeneration and help provide a scaffold for tissue regeneration. They can be used in
combination with STSGs.

11.2. Dermal skin substitutes

Dermal skin substitutes can be classified as:

1. Epidermal substitutes
2. Dermal substitutes
3. Dermo-epidermal substitutes.

11.2.1. Epidermal substitutes

Epidermal skin substitutes are composed of autologous keratinocytes grown in the presence of fibro-
blasts. They are known as cultured epidermal autografts, and examples of these products are Epidex®,
Epicel® and Myskin®.

These are produced by taking a skin biopsy from the patient from which keratinocytes are grown
into stratified cell sheets. It can take about 3—4 weeks until the final product is ready for use. This
technique requires the use of a temporary wound covering while the epidermal sheet is produced.
The main disadvantages are the slow preparation time, variable engraftment and take rates, difficult
handling due to very thin fragile cellular layers, and the very high current production cost (Haberzeth
et al.,2010).

A second approach to epidermal cellular replacement is the use of cultured autologous keratinocytes
in suspension (e.g. ReCell®). In this approach, the keratinocytes are sprayed directly onto the wound
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bed after preparation. This method can lead to faster epithelisation and epidermal maturation but is not
suitable for third-degree burns. Its clinical benefits are still being investigated (Wood, 2002).

Both of the above methods of cultured epidermal autografts, such as the production of a stratified
keratinocyte cell sheet or the use of keratinocytes in suspension, have the disadvantage that they are
missing the dermal component. The degree of epidermal attachment and the amount of scarring and
contracture that occurs during healing and reconstruction are dependent on the quality and condition of
the underlying wound bed. Thus, the dermal component of skin is important for manual stability and
scarring, and the absence of a dermal component will affect the stability of the keratinocyte sheets and
influence the degree of scar contracture that occurs.

11.2.2. Dermal substitutes

Dermal substitutes restore dermal tissue by promoting new tissue growth and optimising the healing
environment. They need to be covered with an epidermal surface or substitute (such as an STSG or a
skin substitute, e.g. acellular matrix: Allodrem®, Integra® or Matriderm®) to be incorporated into the
wound bed. Thus, often a two-stage process is required in which the initial dermal layer is applied and,
after a period of integration, a secondary covering (either an STSG or epidermal substitute) is applied
(Haberzeth et al., 2010).

After its application, the dermal substitute is colonised and vascularised by the underlying cells,
resulting in the formation of an autologous neodermis. Vascularisation can take up to 3—4 weeks and
then an STSG can be applied to the neodermis or epidermal substitute.

This two-stage process has been shown to improve scarring and the aesthetic outcome. Recent
approaches that are being considered include the use of thinner dermal layers with the aim of transplant-
ing both the dermal substitute and epidermal graft layers in a single stage, thus helping to reduce the
duration of management.

11.2.3. Dermo-epidermal substitutes

These have been developed by combining human allogenic neonatal keratinocytes and fibroblasts
within a scaffold. Substitutes such as Apligraf® and Orcel® can be used to provide a temporary cover-
ing to help with wound closure and protection (MacNeil, 2007). In burn patients, autologous cultured
dermo-epidermal substitutes can be obtained from a biopsy taken from the burn patient. The biopsy is
cultured using a collagen—glycosaminoglycan substrate to produce the keratinocytes and fibroblast sub-
stitute. It can take up to 4 weeks before the substrate can be transplanted. Only a few studies have been
performed so far, but the results are promising, showing an improved scar appearance and improved
outcome compared with conventional methods

The use of tissue-engineered skin substitutes has already had a significant impact both clinically
and in the management of severe burns. They help by providing protection, improved management
and improved survivability for these patients. Continuing advances in skin engineering have enormous
potential for the future (Pham et al., 2007).
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11.2.4. Problems associated with dermal substitutes
These include:

B The attachment of a dermal substitute after transplantation promptly requires a well-prepared
vascularised wound bed. This can be difficult to achieve for deep burns and chronic wounds.

B If a dermal substitute reaches a threshold thickness, then vascularisation can be too slow to assure
adequate nutrition to the overlying epidermis, resulting in epidermal necrosis and graft loss.
Therefore, dermal substitutes >1 mm thickness require a two-stage application (e.g. Integra®,
Matriderm®), which can be a lengthy process. In contrast, dermal substitutes <1 mm thick can be
placed in a single application.

B Transplanted skin substitutes can produce a varying quality of replacement tissue (e.g. different
properties, lack of pigmentation) which may reduce the level of protection from ultraviolet radiation.

12. TISSUE EXPANSION

The definition of tissue expansion is an increase in the surface area of tissue due to the gradual forces of
mechanical expansion (Motamed et al., 2008). This method is used to gradually expand an area of pli-
able skin in preparation for its use as coverage for a burn defect or contracture. Stretching the skin using
a prosthesis thus utilises the vascularity and elastic properties of the unburned skin and provides cover-
age by the process of advancement, rotation or transposition of the expanded tissue (Mangubat, 2013).

Tissue expansion is a two-stage process, creep substitution involving the constant mechanical force of
expansion, and stress relaxation resulting in a gradual increase in size (Khansa et al., 2014). The main
advantage of tissue expansion is that it enables replacing ‘like tissue with like’. Figure 6.8 gives a list of
the main advantages and disadvantages associated with tissue expansion. An example is the expansion
of the hair-bearing scalp to replace an area affected by alopecia. It is a prerequisite that the skin adjacent
to the area to be resurfaced is unscarred and pliable to allow expansion without complications.

The technique of tissue expansion is very useful in providing expansion of areas of skin that can then
be used in skin grafting, it is a very effective technique but is time-consuming, complex and can be tech-
nically difficult. Figure 6.9 gives a guide with useful tips in the pre-, intra- and post-operative phases in
the process allowing for successful tissue expansion to be achieved.

13. FLAP RECONSTRUCTION OF BURNS

Flaps have been used throughout history in surgery. They have been used in the management of wounds
for over 3000 years: they were first described in India 2500-1500 Bc; Sushruta Samita described the
forehead flap in 800 BcC for nasal reconstruction; and modern plastics made significant advancements
during the First and Second World Wars when flaps were reintroduced by Sir Harold Gillies.
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Figure 6.8. Advantages and disadvantages of tissue expansion.

The next period of advancement occurred during the 1950s, with the development of axial flaps which
incorporate a named blood supply. In the 1970s, distinctions between random and axial flaps helped
provide a greater understanding of composite flaps, leading to free tissue transfers in the 1980s. These
advancements led to the introduction of perforator flaps in the 1990s.

Flap reconstruction allows the surgeon to reconstruct deeper defects than can be covered using skin
grafts because they can be tailored to include the skin, subcutaneous fat, fascia and, in certain circum-
stances, muscle. In general, flap cover is used when bulk is needed. An assessment of the defect will
determine the design of the flap.

Prior to determining the reconstructive options, a full assessment of the area to be reconstructed is
required. This should include an assessment of the skin, subcutaneous tissue, fascia, muscle, blood ves-
sels, nerves, cartilage and bone. Once a complete analysis of the injuries and defects has been made,
along with the availability of donor tissue for reconstruction, the reconstructive options can be consid-
ered based on the relative importance of each area of the defect (Clark and Wang, 2001).

A flap can be considered a unit of issue that is transferred from a donor site to recipient site while
maintaining the blood supply. Flaps can vary considerably, ranging from simple advancement of the skin
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Figure 6.9. Guidelines for successful tissue expansion.
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to composite flaps composed of different tissues. Flaps are segments of tissue that are partially or com-
pletely perfused with their own blood supply; and are vascularised blocks of tissue that are mobilised from
the donor site and transferred to another location adjacent to or remote from region to be reconstructed.
The skin flap is the gold standard of reconstruction because the tissue matches the colour, texture and
hair-bearing qualities of the burn site. Flaps are used to replace lost tissue; however, limitations of the
use of skin flaps are mainly based on the availability of healthy, pliable, well-vascularised donor tissue.

13.1. Flaps anatomy and physiology

Flaps are based on the body’s anatomy, which therefore dictates where flaps can be taken from and the
types of flaps that are possible. The skin is composed of a microcirculatory system and consists of a
superficial, deep vascular plexus. The superficial plexus in the superficial dermal papillae in the papil-
lary dermis supply the more metabolically active epidermis by means of diffusion. The deep vascular
plexus lies at the junction of the subcutaneous fat and reticular dermis.

Physiological factors affecting flap survival are the blood supply to the flap through its base, the for-
mation of new vascular channels between the flaps and wound recipient bed, and the perfusion pressure
of the supplying blood vessels. Neovascularisation of the flap occurs within approximately 3—7 days via
two processes, direct growth and inosculation, i.e. the anastomosis of surrounding recipient capillaries
into pre-existing vessels in the flap.

Graft and flaps are both very useful techniques that can be applied in reconstructive surgery and
provide very good results. Table 6.3 shows the differences between grafts and flaps with regard to physi-
ological factors and post-operative care.

13.2. Principles of flap surgery

The formation of a flap, as for any form of surgery, has risks and benefits, and complications that cause
significant problems can arise such as complete flap loss, which can be catastrophic. By using the fol-
lowing principles as guidelines, operative morbidity can be decreased and the optimum environment for
successful reconstruction and flap survival can be improved (Chrysopoulo and de la Torre, 2013). Ralph
Millard stated several principles for reconstructive surgery. He once said: ‘when a part of a person is
lost, it should be replaced in kind, bone for bone, muscle for muscle, hairless skin for hairless skin, an
eye for an eye, a tooth for a tooth’ (Chrysopoulo and de la Torre, 2013). Five principles were determined
as guidelines for reconstruction.

Replace like with like — replace tissue with the same or similar tissue.

Think of reconstruction in terms of units — break down reconstruction into units.
Always have a pattern and a back-up plan — be prepared for all eventualities.
Steal from Peter to pay Paul — may need to take from region to repair another.

A N e

Never forget the donor site — always remember to take care of the donor site.
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Table 6.3. The differences between skin grafts and flaps.

Grafts Flaps

Limited to transplantation of skin Can be composed of multiple tissues

Depends on recipient site for nutrition Has own blood supply

Cosmetic — may discolour or contract Better cosmetic result, colour match, less likely to

contract

Less adaptable to weight-bearing More adaptable to weight-bearing

Less able to survive on a bed with questionable Can be used on a wound bed with questionable
nutrition nutrition

Requires pressure dressing Requires no pressure dressing

Cannot bridge defects Can bridge a defect

13.2.1. Principle 1: replace like with like

This is particularly important because lost tissue should be replaced with tissue of the same type, e.g.
muscle for muscle and skin replaced with skin of similar type. If this is not possible, then the next most
similar tissue should be used. The aim is to minimise the impact of reconstruction and make the recon-
structed tissue blend in as naturally as possible, e.g. if replacing skin, try to use skin of a similar colour
match and consistency and with similar properties.

13.2.2. Principle 2: think of reconstruction in terms of units

The human body consists of seven main units (the head, neck, body, arms and legs), and each of these
main parts can be further divided into smaller units; for example, the head is composed of the scalp,
face, nose and ears. Thus, each unit has a unique feature or function, and these smaller functional units
can be further subdivided into subunits such as sections of the ear or nose. This enables a breakdown
of the constituent units of the defect. During the process of reconstruction, all units must be considered
and reproduced if necessary.

The most important aspects of a regional unit are the borders of the unit: these are usually demarcated
by creases, margins, angles and hair lines. Thus, the interaction and coming together of these units is
important, and adherence to these natural borders should be maintained during reconstruction whenever
possible.

13.2.3. Principle 3: always have a pattern and back-up plan

Plan the procedure and have a back-up plan. Compare all of the pros and cons of each surgical option.
The reconstructive ladder is helpful for this because it is a mental exercise that helps the surgeon explore
the available options, ranging from the simplest to the most complex. The aim is to restore the function
and aesthetic form: that is the nature of plastic and reconstructive surgery.
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Thus the approach should be to make a plan, rehearse the plan, make templates of the defects and
compare the possible donor areas to determine the ease of harvesting, possible morbidity and closure.
The required function and aesthetics both play a role in the choice of technique and surgical plan.

The surgeon should always have a secondary plan, in case of complications and problems, i.e. what
will I do if I fail, the initial reconstruction fails or the primary surgical plan is not possible when unfore-
seen events occur in the operating theatre? What will be the secondary plan for surgery? Always keep
an open mind and be ready to adapt and adjust the surgical plan as the situation within the operating
room dictates.

13.2.4. Principle 4: Millard talks of the Robin Hood principle

The aim is to take from one area of the body to repair a deficit from another area, with minimal disturb-
ance to the donor region. Using the body to reconstruct a deficit is essentially robbing the bank. The
goal is to achieve the ultimate efficiency or, according to Millard, get something for almost nothing.
Examples are the use of local flaps, e.g. interpolated flaps, rotation flaps and V-Y flaps. Try to minimise
the impact of the reconstruction on the body and donor areas.

13.2.5. Principle 5: always consider the donor region

The final principle is to always remember to treat both the defect and donor region equally because both
are very important in reducing morbidity and increasing success. In reality, there is always a price for
something, nothing can be obtained for free and there is always a degree of consequence. Careful selec-
tion of the donor site is required, especially in consideration of closure of the donor site and the ease of
healing at the site.

The aim is to provide coverage and repair the defect with minimal deformity and disability: that is the
major principle of reconstructive surgery. Note that donor sites are not limitless; thus, careful planning
and consideration are required prior to their selection. Overuse or carelessness can result in damage that
is far greater than the original injury.

In conclusion, the aim of reconstruction is to consider all surgical options from the simplest to
the most complex and to determine the technique that will have the best functional and aesthetic
results. Knowledge of the anatomy, blood supply and quality of the tissue available is essential.
Always be prepared for failure, have an alternative plan and be able to adapt accordingly if the first
plan fails.

13.3. Classification of flaps

There are many systems for the classification of flaps, but they can generally be simply classified into
four categories (Kunert, 1995; Ciresi and Mathes, 1993; Hallock, 2004).
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Circulation — the blood supply of the flap
Composition — type of tissue transferred
Contiguity — location of the donor site
Contour — method of flap transfer.

W=

13.3.1. Circulation: blood supply of the flap

As with all tissue, flaps must receive adequate blood flow to survive. They can maintain their blood sup-
ply in two main ways. If the blood supply is not derived from a recognised artery but is derived from
many little unnamed vessels, then the flap is referred to as a random flap. If the blood supply comes
from a recognised artery or group of arteries, then it is referred to as an axial flap. Thus, classification
of flaps is based on their blood supply.

13.3.2. Random flap

The blood supply is via small unnamed vessels, e.g. local cutaneous (skin) flaps.

13.3.3. Axial flap

The blood is supplied from a recognised vascular pedicle or group of pedicles; most muscle flaps have

an axial blood supply. Blood supply can be direct or based on perforators.

Owing to the complexity of and variations in axial blood supply, a further subclassification of axial
types I-V was made by Mathes and Nahai and this is shown in Table 6.4. This classification method is
commonly used to describe different types of muscle flaps.

Thus, circulation flaps are described as:

B Random flaps — local flaps, basic advancement, V-Y, bipedicle, single pedicle, rhomboid flaps,
bilobed flaps.
B Axial flaps — pedicle flaps, free flaps, perforator flaps.

Table 6.4. Classification of muscle flaps: Mathes and Nahai.

Classification Blood supply Flap
I One vascular pedicle Tensor fascia lata
11 Dominant pedicle(s) and minor pedicle(s) Gracilis
I Two dominant pedicles Gluteus maximus
v Segmental vascular pedicles Sartorius
\Y One dominant pedicle and secondary Latissimus dorsi

segmental pedicles
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13.3.4. Flap tissue composition

Flaps may be composed of just one type of tissue or of several different types of tissue. A flap may thus
comprise a single part of or composites of any component of the body as long as an adequate blood
supply is present. Thus, the composition type of tissue that forms the flap can be used for classification.

13.3.5. Flaps composed of one type of tissue

Cutaneous — skin

Fascial — tensor fascia lata flap
Muscular — muscle

Osseous — bone

Visceral — colon, small intestine, omentum.

13.3.6. Composite flaps: composed of two or more tissue types

Fasciocutaneous — radial forearm flap

Tendinocutaneous — dorsalis pedis flap

Myocutaneous — transverse rectus abdominis muscle (‘“TRAM’) flap
Osseocutaneous — fibula flap

Sensory or innervated flaps — dorsalis pedis flap with a deep peroneal nerve.

13.3.7. Contiguity: location of the donor site

In the formation of a flap, tissue is transferred from one area of the body to the area of the defect. Flaps
can therefore be classified according to the location from which the flap is obtained. Thus, flaps can also
be classified as local flaps, regional flaps, distant flaps and free flaps.

13.3.7.1. Local flap

In a local flap, tissue is transferred from an area adjacent to the defect (Biswas et al., 2014).

B Advancement flaps — single pedicle, bipedicle and V-Y.
B Pivotal (geometric) flaps — rotation, transposition and interpolation.

13.3.7.2. Regional flap

Regional flaps are composed of tissue from the same anatomical region as the defect, for example the
lower limb, trunk, or head and neck.
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13.3.7.3. Distant flap

Distant flaps are transferred from a non-contiguous anatomical site, i.e. from a distant part of the body.

Pedicle flaps are transferred while still attached to their original blood supply (Maciel-Miranda
etal.,2013).

Free flaps are completely detached together with their blood supply from donor site and
re-anastomosed to recipient vessels close to the defect via microsurgical techniques (De Lorenzi
etal.,2001).

13.3.8. Contour

Contour refers to the method used for flap transfer to the defect.

1.

2.

Advancement flap — the flap is advanced into defect.

Transposition flap — the flap is moved into the defect from adjacent tissue and the defect created is
closed primarily.

Rotation flap — the flap rotated into the defect.

Interpolation flap — the flap is not directly adjacent to the defect. The pedicle of the flap passes over or
under a skin bridge to the defect; once it has taken, the pedicle is released and the donor site closed.

13.4. Local flaps

These skin flaps are created using an FTSG with the intrinsic epidermal and dermal components intact,

including the adjacent subcutaneous tissues (Clark and Wang, 2001).

13.4.1. Types of local flaps

E B EEEEEEER"™C

Advancement flaps:

Single pedicle

Bipedicle

V-Y

Interdigitating Z-plasty principle
Alphanumeric (four-flap plasty, five-flap plasty)
Propeller flap

Bilobed flap.

Pivotal (geometric) flaps:
Rotation

Transposition
Interpolation.
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13.4.1.1. Advantages

B Best local cosmetic match

B Often simple procedure

B Can be done using local or general anaesthesia.

13.4.1.2. Disadvantages

B Possible local tissue shortage

B Scarring may exacerbate the condition

B Poor surgical technique can compromise local resection.

13.4.2. Types of local flaps

13.4.2.1.  Advancement flaps

1. Advancement flap:

B Simple flap in an area of skin laxity;

B The flap is excised and pulled forward to cover the defect;

B tis moved primarily in a straight line from the donor site;

B No rotational or lateral movement is applied, e.g. rectangular advancement, V-Y advancement.
2
|

Modified advancement flap:
The base of the flap is modified by Z-plasty, burrows triangles or counter incisions, providing
greater advancement and better aesthetic results.

13.4.2.2. Pivotal (geometric flaps)
B Rotation flap — movement is in the direction of an arc around a fixed point and primarily in one
plane; it is a semicircular flap.
B Transposition flap — this rectangular flap is rotated on a pivot; the more the flap is rotated, the
shorter the flap length becomes. This type of flap is commonly used for head and neck defects.
o Rhomboid flap — specially designed transposition flap for rhombic defects, i.e. the defect must
have 60° and 120° angles.
o Bilobed flap — another variation of the transposition flap, consists of two transposition flaps
sharing a common pedicle. The first flap is used to reconstruct the defect and the second flap
is used for the donor site defect.
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Simple advancement flap

\a") oSS

Burrows triangles

Flap is pulled forward

Figure 6.10. Advancement flap.

B [nterpolation flap — similar to the transposition flap. The difference is that the pedicle rests over
or under the intervening tissue and is divided once the flap has taken and revascularisation has
occurred at the site of the defect. The pedicle is then divided, e.g. median forehead flap and
thenar flap.

13.4.2.3. Simple advancement flap

To perform a simple advancement flap, the laxity of skin in the area of defect is assessed. If sufficient,
then the flap is excised and pulled to cover the defect. The incorporation of burrows triangles allows
greater advancement of the flap and better aesthetic results.

13.4.2.4. V-Y advancement flap

This requires the formation of a triangular flap with the base of the flap at the cut edge of the skin at the
site of the defect; the flap should be as wide as the greatest width of the defect. The incision to make
the triangle is made through the full-thickness of the skin and the flap is advanced over the defect and
sutured in place at the superior edge of defect. Sutures placed at the corners prevent interference with
the blood supply, converting the V shape to a'Y shape.

13.5. Interdigitating flaps: Z-plasty principal

Z-plasty is a classical technique upon which almost all other plasty techniques are based. The term
plasty refers to the repair or restoration of a body part or its function via surgical methods (Aasi, 2010).
This technique of Z-plasty, shown in Figure 6.11, is very effective in the management of small burn
contractures, and several variations of the Z-plasty technique exist, such as Y-V-plasty, V-M-plasty and
the propeller flap.
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Z-plasty

- E moves to D
- F movesto C
- then sutured

Figure 6.11. Z-plasty technique.

Z-plasty involves the transposition of two interdigitating triangular flaps, derived from the shape of
incision. Transposition of the flaps in Z-plasty has the following two effects:

1. Increase in the length of the area of contracture along the common scar line after release. This
allows for lengthening of the scar.

2. Transposition of the flaps allows for a change in direction of the common line scar, which enables
changing the direction of the scar to a more favourable line.

3. Interrupts scar linearity.

The Z-plasty technique is very useful in the management of certain defects. It has the following ben-
efits when applied to certain wound defects.

1. Burn contracture — Z-plasty can increase the length of a scar via contracture release (Kobus and
Flankowski, 1972).

2. Facial scars — a second effect of Z-plasty is that it can change the direction of the scar and can
help break up a facial scar, thus improving the cosmetic result.

3. Prevention of scar contracture — Z-plasty can be useful in emergencies. For example, for burns to
the hand, Z-plasty can increase the function and range of motion, helping to prevent contractures
(Sari et al., 2014).

When performing Z-plasty, the degree of elongation of the longitudinal axis that is achieved is directly
proportional to the angle of its constituent flaps.

B 30° angle — 25% increase in length.
45° angle — 50% increase in length.
60° angle — 75% increase in length.
Z-plasty is not possible beyond 60° because the ability to transpose flaps then becomes affected.

13.6. Regional and distant flaps

Regional and distant flaps can be composed of full-thickness skin, subcutaneous tissue, muscle and
other tissues; they have a well-defined arterial supply.
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B Regional flaps — pedicle flaps that derive their vascular supply from the region that is to be
reconstructed. For example, a pedicle radial forearm flap with a pedicle in the radial artery can be
used to cover a defect in the hand (Biswas et al., 2014).

B Distant flaps — pedicle flaps that cover defects in a different anatomical region, e.g. pedicle transverse
rectus abdominal flap, the pedicle is the superior epigastric artery and is used to cover breast defects.

As the distance of the transposition of the required flap increases from the defect, the presence of a
well-defined blood supply becomes critical. Thus, these flaps are classified as axial flaps. However, most
flaps have a random pattern at their distal ends and are often used to cover large defects that require bulk.
Examples are the pectoralis major myocutaneous flap (PMMF), deltopectoral (DP) flap, trapezius flap
and latissimus dorsi (LD) flap.

13.6.1. Pectoralis major myocutaneous flap

The PMMF is a very commonly used myocutaneous pedicle flap which is used in approximately 90%
of head and neck reconstructions. The arterial blood supply is based upon the pectoral branch of the
thoracoacromial artery off the second portion of the axillary artery. The advantages of this type of flap
are that there is a very durable blood supply and the defect at the donor site can be closed primarily. The
PMMF flap also provides a significant amount of tissue bulk to cover large defects.

13.6.2. Deltopectoral flap

The DP flap is a full-thickness fasciocutaneous flap which includes the fascia of the pectoral muscles.
The DP flap is a medially based anterior chest wall flap with skin and fascia but, without the muscle, the
blood supply is based on the 1st to 4th perforator branches of the internal mammary artery. It can be used
for large surface covering.

13.6.3. Trapezius flap

The trapezius flap uses the trapezius muscle and the overlying soft tissue and skin. The blood supply
is via the transverse cervical artery. Intra-operative repositioning of the patient is required during the
process of harvesting the flap.

13.6.4. Latissimus dorsi flap

The LD flap is a very reliable and versatile type of flap. It can be transferred as a muscle flap or a
myocutaneous flap, or even as a composite osteomyocutaneous flap when harvested with the underlying
serratus muscle and rib. It can also be used as a free flap.

The LD muscle is supplied via two separate vascular systems. The primary system blood supply is
via the thoracodorsal artery, which is the terminal branch of the subscapular artery. The secondary blood
supply is via the segmental perforating branches from the intercostal and lumbar arteries.
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13.6.5. Distant flaps: pedicle flaps

Distant flaps can be moved on long pedicles that contain the blood supply. The pedicle can be buried
beneath the skin to create an island pedicle or left above the skin and formed into a tube. Distant
flaps, as the name suggests, mean that this type of flap can be moved a long distance while still
attached to the pedicles that contain a dominant blood supply, for example a myocutaneous flap
(e.g. the latisimus dorsi flap for breast reconstruction), or the distant flap may be composed with a
long fascial layer that contains a major septal blood supply, for example a fasciocutaneous flap. This
means that these flaps can be larger in size as they are transferred still attached to a major vascular

supply.

13.7. Free flaps: free microvascular tissue transfer

With modern advances in surgery, materials, instruments and microsurgery techniques, it is now pos-
sible to form free flaps in which the blood supply is disconnected from the donor site and then recon-
nected at the recipient site. Free tissue transfers now provide an excellent way of reconstructing major
composite loss of tissue in the face, jaw, lower limb or breast. The free muscle transfer should be
re-anastomosed within 1-2 hours in an efficient manner to minimise the time the flap is exposed to
ischaemia.

A free flap may consist of skin, subcutaneous tissue, muscle and/or bone. It is detached from the
donor site along with its accompanying vascular pedicle, which is anastomosed to recipient vascular
pedicle. The formation of a free flap is complex and requires a significant level of training, planning and
surgical expertise (Hallock, 2004).

Approximately 1% of surgically treated burns will require a free flap. It is suggested that these flaps
should be performed within 5 days of the burn occurring or at the time of secondary reconstruction pro-
cedure after 6 weeks or more (De Lorenzi et al., 2001).

Table 6.5. Indications for free flaps.

1 When less complex methods have failed, e.g. STSG, FTSG

2 When deep structures are exposed (frontal sinus, nasal pyramid, tibial crest,
neurovascular structures, tendons)

3 When there is absolute need to combine reconstruction with cosmetic
appearances, such as the facial structures or female breast

4 Unsalvageable deep burns

5 Resurfacing following release of scar contractures

FTSG = full-thickness skin graft; STSG = split-thickness skin graft.
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13.7.1 Advantages of free flaps

B The most suitable tissue can be selected for transfer.
B Possible to take only the exact amount of tissue required, with no loss of excess tissue.
B  These actions minimise donor site morbidity.

13.7.2. Disadvantages of free flaps

B A complex surgical technique that requires a high level of proficiency.

B Flap failure results in total loss of the transferred tissue.

B Duration of surgery can be very long, and a longer duration of general anaesthesia leads to
increased risk.

There are many possible donor sites for free flaps, as shown in Table 6.6. The possible donor sites are
located throughout the body depending on the requirements of the graft site and the risk of morbidity at
the donor site. Always remember to consider both the donor and recipient site in distant flaps to make
sure that no additional problems are created at the donor site.

Table 6.6. Sources of donor sites for free flap transfers.

Type of flap Source of flap

Muscle only Latissimus dorsi
Rectus abdominis
Gracilis
Myocutaneous Latissimus dorsi
Transverse rectus abdominis
Fasciocutaneous Radial forearm flap
Scapular
Lateral arm
Groin
Osseous Fibula
Forearm
[liac crest
Fascial Temporoparietal
Jejunum Oesophageal reconstruction
Pectoralis minor For facial reanimation

Omentum Chest wall and limb defects
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13.7.3. Monitoring flaps for success

This is done via examining the following characteristics:

Colour of the flap tissue;
Warmth and turgor of the region;
Blanching — to determine circulation and presence of inflammation and necrosis; and

Capillary refill time — to determine whether there is an adequate blood supply.

13.7.4. Possible complications associated with surgery

Seroma formation

Haematoma formation

Superficial skin necrosis

Wound separation and dehiscence with eventual partial and/or complete flap loss
Fat necrosis

Donor site infection.

13.7.5. Causes of flap failure

B Poor technique and anatomical knowledge when raising the flap can compromise the blood supply
making it deficient from the beginning; thus, poor results when the flap does not take.

B Flap inset is attached with too much tension, which affects flap take and increases the risk of flap
failure.

B Local sepsis or septicaemia in the patient.

B Dressing is applied too tightly around the pedicle, resulting in ischaemia.

13.8. Perforator flap concept

This flap consists of skin and subcutaneous tissue that is vascularised by a perforator artery. Its
versatility has enabled the reconstruction of burns and scars at multiple anatomical sites (Geddes
et al.,2003).

The major advantage of perforator flaps is that a large cutaneous flap can be obtained from the same
region from which a musculocutaneous flap is obtained without the need to include the muscle, which
might not be expendable. Limitations to the use of perforator flaps are a traumatised subdermal plexus,
an injured main perforator, a difficult dissection, obesity, bleeding and damage to the main pedicle
(Maciel-Miranda et al., 2013; Panse et al., 2013).
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Recommendations for reducing the incidence of complications in perforator flaps are:

Pre-operative mapping and localisation of perforating arteries by hand-held Doppler
Identification of the main perforator by making an exploratory incision

Preservation of each perforator until a large one is encountered

Selection of the best perforator

Performing the easiest dissection

Not discarding any perforators until completing the dissection.

14. FACIAL TRANSPLANTATION

The technique of facial transplantation is new and controversial, but it can offer patients with severe
facial burns the possibility of reconstruction. However, the efficacy and value of this procedure has not
yet been validated. There are many restrictions on performing this procedure, including the ethical quan-
dary of facial transplantation as well as technical and psychological factors that must be considered.

The procedure is limited because of the poor availability of facial tissue allografts. It is also very
complex, requiring a high level of skill and a multidisciplinary team approach as well as the need for
lifelong immunosuppression. Thus, the technique is highly controversial and very limited in availability
because of technical and ethical complications.

15. CONCLUSION

The aim of reconstructive surgery in burns patients is to restore function and cosmesis and to improve
the patient’s quality of life. This can be achieved by the reconstructive techniques described in this chap-
ter. The use of grafts, tissue expansion, skin substitutes and flaps has greatly increased the reconstructive
options available. Advancements in skin substitutes as well as facial transplantation are opening up new
and innovative pathways in reconstructive surgery.
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Soft Tissue Injuries of the Hand

Hiba Khan, Bran Sivakumar

1. INTRODUCTION

The human hand has evolved into one of the most complex structures in nature. This complexity affords
the hand remarkable dexterity, fine motor control and tactile feedback. We are dependent on our hands
for most activities of daily living: loss of hand function can have devastating consequences on quality of
life, affecting a person’s ability to work, communicate and live independently.

While the functional aspects of hand reconstruction remain the surgeon’s main concern, it is import-
ant to appreciate the impact of the aesthetic result on a patient’s quality of life. After the face, the hand is
the most exposed body part and the one which is most often in the patient’s own visual field (Coleman,
2002). As a result, deformities of the hand can have a significant psychological burden.

Early references to surgery of the hand go back as far as Hippocrates (460-377 BC), who described
methods to reduce wrist fractures, and Heliodorus (Ap 60-140), who described techniques for ampu-
tating digits with the use of skin flaps to cover exposed bone (Marble, 1966). The Second World War
was the major driving force behind the development of modern hand surgery. In contrast to the trench
warfare of the First World War, the Second World War involved open warfare with a greater use of explo-
sives, leading to a larger number of upper limb and hand injuries. Regional hand referral centres were
established in the USA to co-ordinate the growth in demand for hand surgery. In 1946, representatives
from plastic surgery, orthopaedic surgery and general surgery combined to form the American Society
for Surgery of the Hand (Chang, 2012).

The development of microsurgery during the 1960s and 1970s liberated the hand surgeon from the
anatomical limitations of local tissue transfer and paved the way for many of the modern techniques
used for hand reconstruction, including the use of free flaps (Chang, 2012). The first successful replant-
ation of an amputated upper arm was carried out in 1962, and the first thumb replantation in 1968
(Chang, 2012).

The first successful hand transplant was carried out in Ecuador in 1964. Unfortunately, however,
the hand had to be removed within 3 weeks because of immune rejection. More recently, research
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and development into more effective immunosuppressant regimes, along with improvements in surgi-
cal technique, have allowed a number of successful hand transplantations to be carried out worldwide
(Shores et al., 2011).

Trauma is a major cause of hand dysfunction, with hand injuries making up the bulk of daily trauma
lists in most plastic surgery units. Surgery is often only the first step in a long recovery process follow-
ing injury, and care is co-ordinated through a multidisciplinary team comprised of surgeons, physi-
otherapists and occupational therapists. This chapter provides an overview of the anatomy of the hand
followed by a description of soft injuries and their surgical management. Hand fractures and congenital
hand defects are covered elsewhere.

2. ANATOMY

The hand is both a sensory and a mechanical tool. Its dexterity is dependent on co-ordinated movement
between the small muscles of the hand and the larger muscles of the forearm. Many of the features of
the upper limb are designed to allow positioning of the hand in space.

2.1. Bones

There are three groups of bones in the hand (Figure 7.1):

B Carpal bones (8) — scaphoid, lunate, triquetrum, pisiform, trapezium, trapezoid, capitate
and hamate

B Metacarpal bones (5)

B Phalanges (14).

2.2. Joints

B Wrist joint — synovial joint between distal radius and ulna, and the scaphoid, lunate and
triquetrum. It allows hand abduction, adduction, flexion and extension.

B Carpal joints — the synovial joints between carpal bones are relatively immobile and share a
common articular cavity. They are reinforced by a number of ligaments.

B Carpometacarpal joints (CMJs) — five joints between the distal row of carpal bones and the five
metacarpal bones. The first CMJ (I) is saddle-shaped and allows flexion, extension, abduction,
adduction, rotation and circumduction of the thumb. The remaining four CMJs (II-V) are far less
mobile, allowing limited gliding movements only.

B Metacarpophalangeal joints (MCPJ) — located between the distal heads of the metacarpal bones
and the proximal phalanges. MCPJs allow flexion, extension, abduction, adduction, circumduction
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Figure 7.1. Bones of the hand.
Source: Drake and Mitchell (2005).

and rotation. Each joint is reinforced by a volar plate and lateral and medial collateral ligaments.
Three transverse metacarpal ligaments join the MCPJs of the finger together to provide a
framework for the palm of the hand.

B [nterphalangeal joints (IPJs) — hinge joints that allow flexion and extension. Reinforced by volar
plates and lateral and medial collateral ligaments.

2.3. Muscles

Hand movements are controlled by long muscles from the forearm and intrinsic muscles of the hand.
The muscles found in the forearm can be divided into the flexor compartment (Figure 7.2 and Table
7.1), the lateral compartment (Table 7.2) and the extensor compartment of the forearm (Figure 7.3).
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Flexor digitorum profundus

Flexor retinaculum

FDP tendon insertion

FDS tendon insertion with cut
proximal end

Figure 7.2. Deep flexor compartment of the forearm.
Source: Drake and Mitchell (2005).

Table 7.1. Muscles of the flexor compartment of the forearm.

Compartment

Superficial

Muscle
Pronator teres
Flexor carpi

radialis
Palmaris longus

Flexor carpi
ulnaris

Origin

Medial epicondyle of
humerus

Medial epicondyle of
humerus

Medial epicondyle of
humerus

Olecranon process of ulna
and medial epicondyle
of humerus

Flexor pollicis longus

Insertion Action
Lateral mid-shaft Pronation
radius
Base of metacarpal Wrist flexion
bones and abduction
Palmer aponeurosis Wrist flexion
Pisiform bone Wrist flexion

and adduction
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Table 7.1. (cont.)

Compartment  Muscle Origin Insertion Action
Intermediate Flexor digitorum Medial epicondyle of Gives rise to four Proximal IPJ
superficialis humerus, coranoid tendons that pass flexion
process of ulna and shaft under the flexor
of radius retinaculum, each

split in two and
inserted into the
sides of each middle

phalynx
Deep Flexor digitorum Anterior and medial surface ~ Distal phalynx of each ~ Distal IPJ
profundus of ulna and interosseous finger flexion of
membrane fingers
Flexor pollicis Anterior surface of radius Base of distal phalynx IPJ flexion of
longus and interosseous of thumb thumb
membrane
Pronator quadratus  Linear ridge of anterior ulna  Distal anterior radius Pronation
IPJ = interphalangeal joint.
Sources: Drake and Mitchell (2005) and Nakhdjevani and Ahmadi (2007).
Table 7.2. Muscles of the lateral compartment of the forearm.
Compartment Muscle Origin Insertion Action
Lateral Brachioradialis Supracondylar Styloid process of Elbow flexion,
ridge of humerus radius pronation
Extensor carpi Supracondylar Second metacarpal Wrist extension
radialis longus ridge of humerus base and abduction

Sources: Drake and Mitchell (2005) and Nakhdjevani and Ahmadi (2007).

These muscles exert their effect their effect via a series of tendons that pass into the wrist. The smaller
intrinsic muscles of the hand are important for fine motor control (Figures 7.5, 7.6 and Table 7.4).

2.4. Blood supply

The blood supply of the hand is derived from two major arteries, the radial and ulnar, which connect in
the hand to form two arches, the superficial and deep palmar arches (Figure 7.7). The superficial palmar
arch lies superficial to the long flexor tendons and deep to the palmar aponeurosis. The deep palmar arch
passes between the metacarpal bones and the flexor tendons in the palm. Venous drainage is made up of
superficial and deep veins. The deep veins follow a similar course to the arteries of the hand, draining
into the cephalic and basilic veins.
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Extensor compartment of forearm

Cross-section through extensor
etinaculum

ED tendons

N/ Extensor retinaculum

Radius ~ Ulnar Extensor carpi

ulnaris
1. Extensor pollicis brevis and

Abductor pollicis longus
2. Extensor carpi radialis brevis
and longus

Extensor digiti
minimi

Extensor digitorum

3. Extensor pollicis longus
Extensor indicis and extensor
digitorum communis

5. Extensor digiti minimi

6. Extensor carpi ulnaris

Extensor carpi
radialis longus

Extensor carpi
radialis brevis

Figure 7.3. Extensor compartment of the forearm.
Source: Drake and Mitchell (2005).

Table 7.3. Muscles of the extensor compartment of the forearm.

Compartment Muscle Origin Insertion Action
Superficial Extensor Lateral epicondyle Divides into four Finger extension
digitorum of humerus tendons, that insert

Extensor carpi

Lateral epicondyle

via ‘extensor hoods’
into dorsal base of
middle and distal
phalanges of fingers
Third metacarpal base

Wrist extension

radialis brevis of humerus and abduction
Extensor digiti Lateral epicondyle Dorsal hood little finger Little finger MCPJ

minimi of humerus extension
Extensor carpi Lateral epicondyle Posterior base of fifth Wrist extension

ulnaris of humerus metacarpal and adduction
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Table 7.3. (Cont.)

Compartment Muscle Origin Insertion Action
Deep Supinator Lateral epicondyle Neck and shaft of Supination
of humerus radius
Abductor pollicis Posterior surface Base of first metacarpal Thumb
longus of radius and abduction and
ulna extension
Extensor pollicis Posterior surface Proximal phalanx of MCPJ thumb
brevis of radius and thumb base extension
ulna
Extensor pollicis Posterior surface Distal phalanx of thumb IPJ thumb
longus of radius and base extension
ulna

IPJ = interphalangeal joint; MCPJ = metacarpophalangeal joint.
Sources: Drake and Mitchell (2005) and Nakhdjevani and Ahmadi (2007).

Small Muscles of the Hand

Figure 7.4. Dorsal interossei.
Source: Drake and Mitchell (2005).
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Small Muscles of the Hand

Figure 7.5. Palmar interossei.
Source: Drake and Mitchell (2005).

Table 7.4. Small muscles of the hand.

Compartment  Muscle Origin Insertion Action
Hand Lumbricals Tendons of FDP Lateral side of extensor MCPJ flexion and
expansion IPJ extension
Interossei Palmar Medial side of Extensor hoods of thumb, Adduction of
interossei metacarpals index ring and little fingers

fingers and proximal
phalanx of thumb

Dorsal Sides of metacarpals Extensor hoods and base of Abduction index,
interossei proximal phalanges of middle and ring
index, middle and ring fingers
Thumb Abductor Scaphoid, trapezium Proximal phalanx and Thumb abduction
pollicis and flexor extensor hood of thumb
brevis retinaculum
Flexor pollicis Tubercle of Proximal phalynx of thumb MCPJ thumb
brevis trapezium flexion
Opponens Trapezium and flexor First metacarpal Thumb medial
pollicis retinaculum rotation
Adductor Base of second and Medial side or base of Thumb adduction
pollicis third metacarpals proximal phalanx of

thumb
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Table 7.4. (Cont.)

Compartment  Muscle Origin Insertion Action
Little finger Abductor Pisiform Proximal phalanx base Little finger
digiti of little finger abduction
minimi
Flexor digiti Flexor retinaculum Proximal phalanx base Little finger
minimi of little finger MCP]J flexion
Opponens Flexor retinaculum Fifth metacarpal bone Laterally rotates
digiti metacarpal 5
minimi

FDP = flexor digitorum profundus; IPJ = interphalangeal joint; MCPJ = metacarpophalangeal joint.
Sources: Drake and Mitchell (2005) and Nakhdjevani and Ahmadi (2007).
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Figure 7.6. Arterial supply of hand.
Source: Drake and Mitchell (2005).
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Table 7.5. Motor function of nerves to the hand.

Nerve Muscles Function

Median FDS, FDP (to index and middle finger), FPL, palmaris longus, Fine precision and pinch
flexor carpi radialis, thenar muscles (abductor pollicis brevis function, grasp, thumb
and superficial head of flexor pollicis brevis), lumbricals (of palmar abduction and
index and middle fingers) opposition

Ulnar FDP (to ring and little finger), flexor carpi ulnaris, hypothenar Grasp, co-ordination
muscles (opponens digiti minimi, abductor digiti minimi, of digital flexion and
flexor digiti minimi and palmaris brevis), dorsal interossei extension, key pinch

Radial Extensor digitorum, extensor pollicis brevis, extensor pollicis Extension of wrist

longus, abductor pollicis longus, extensor carpi radialis longus,
extensor carpi radialis brevis, supinator, extensor carpi radialis
brevis, extensor digiti minimi, extensor carpi ulnaris

Extension of thumb

Extension of MCPJ

FDP = flexor digitorum profundus; FDS = flexor digitorum superficialis; FPL = flexor pollicis longus;
MCPJ = metacarpophalangeal joint.

Median

Ulnar

Radial

Figure 7.7. Diagram showing sensory innervation of the hand.
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2.5. Nerves

The hand is innervated by three nerves: median, ulnar and radial. Each nerve has a motor (Table 7.5) and
sensory component (Figure 7.7).

3. PATHOPHYSIOLOGY

Blunt trauma, laceration, avulsion, ring avulsion and burns are all common causes of soft tissue damage
to the hand. Injuries may affect the bone, ligaments, muscle, tendons, nerves, vasculature, superficial tis-
sue and skin. While this chapter focuses on aspects of soft tissue reconstruction, it is important to assess
and plan the reconstruction of all these structures concurrently when treating patients with hand trauma.

4. HISTORY

Following trauma, a detailed history of the mechanism of injury and an accurate account of the patient’s
pervious medical and social history are required. The history should include the following:

Age.

Dominant hand.

Mechanism of injury — crush (consider compartment syndrome), contamination and blood loss.
Time of injury.

Possibility of non-accidental injury or deliberate self-harm.

Past medical history — diabetes, respiratory or cardiac problems.

Drug history — including tetanus immunisation.

Social history — smoking, alcohol, occupation.

5. EXAMINATION

As with all trauma situations, assessment of the patients begins with an ABC (i.e. airway, breathing, cir-
culation) approach to identify and treat life- and limb-threatening injuries first. Once the patient is stable
and concomitant serious injuries have been excluded, hand examination follows three steps: LOOK,
FEEL and MOVE.

5.1. Inspection

Expose the entire limb and assess:

B The site of injury.
B The type of injury — laceration, crush, de-gloving, nail bed or amputation.
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Whether it’s clean or contaminated — foreign bodies.
Blood loss — signs of blood loss or active bleeding.
Signs of infection — erythema.

Other injuries which may have been missed.

Finger positioning — may indicate tendon injury.
In addition:

B Always compare with other (undamaged) side.
B Look for obvious deformity — fractures, dislocations.

It is often useful to draw a diagram or take a photograph of the injury to keep as a record in the
medical notes.

5.2. Palpation

This will determine:

The temperature

Capillary refill — to ensure adequate perfusion distal to injury
Pulses — radial and ulnar

The presence of oedema

Surface irregularity

Sensation.

5.3. Tendon examination

This is done to compare the range of movement with that of the non-injured limb. For this, test each ten-
don systematically, first with passive movements and then against resistance (incomplete tendon rupture
may still allow relatively normal movements).

B Flexor digitorum profundus (FDP) — hold the proximal interphalangeal joints (PIPJs) in extension
and ask the patient to flex the distal interphalangeal joint (DIPJ), leaving the other digits free
(Figure 7.8).

B Flexor digitorum superficialis (FDS) — hold all other fingers in full extension and ask the patient to
bend at the PIPJ (Figure 7.9).

B Extensor digitorum communis — ask the patient to extend the fingers, both passively and against
resistance (Figure 7.10).
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Figure 7.8. Testing flexor digitorum profundus function.

Figure 7.9. Testing flexor digitorum superficialis function.

Figure 7.10. Testing extensor digitorum communis function.
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Table 7.6. Motor and sensory tests specific to each nerve of the hand.

Nerve Motor function Sensation

Median Thumb palmar abduction Pulp of thumb and index finger
Ulnar Little finger abduction Pulp of little finger

Radial Extension of MCPJ Dorsal first web space

5.4. Neurological examination

When testing for neurology in the hand the motor and sensory components of the median, ulnar and radial nerve
distributions should be examined (Table 7.6). In addition possible digital nerve injuries can be assessed by examin-
ing the sensation at the tip of each digit.

6. PRINCIPLES OF RECONSTRUCTION

The aim of surgery is to:

‘eliminate that which is superfluous, restore that which has been dislocated, separate that which has been united, join that
which has been divided and repair the defects of nature’.
Ambroise Paré (sixteenth-century French surgeon)

The goal of trauma hand surgery is to salvage the extremities, restore and preserve function, optimise
the aesthetic appearance and provide adequate analgesia. During hand trauma surgery, fractures and
dislocations are dealt with first, followed by tendon injuries; neurovascular structures are repaired last
because these are the most delicate.

7. TENDON INJURIES

7.1. Tendon structure

The function of the tendons is to allow the force generated by muscles to be transmitted to bones and
enable joint movement. The extracellular matrix of tendons is mostly made up of collagen (mainly type
1) and elastin. Cells include tenocytes and tenoblasts (elongated fibrocytes and fibroblasts) (Kannus,
2000). The collagen is cross-linked to form insoluble microfibrils and fibrils, and fibrils in turn form
fibres. The endotenon is a sheath of connective tissue that covers each collagen fibre and binds the fibres
together. The whole tendon is surrounded by an outer epitenon sheath (Kannus, 2000) (Figure 7.11).

7.1.1.  After injury, healing occurs in three stages

1. Inflammatory stage (4872 hours) — inflammatory cells move into the site of injury. They increase
vascular permeability, initiate angiogenesis and stimulate proliferation of tenocytes.
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Figure 7.11. Structure of the tendon.

2. Proliferation stage (5 days to 4 weeks) — fibroblastic and collagen-producing cells enter and
proliferate.

3. Remodelling stage (6 weeks onwards) — tissue repair and fibrosis occur. Over time, the fibrous
tissue is replaced by the scar-like tissue of the tendon.

The tendon is weakest between 5 and 10 days post-repair. This should be kept in mind when planning
post-operative hand therapy and mobilisation (Griffin et al., 2012).

7.2. Flexor tendon

Each finger has two flexor tendons, the FDP and the FDS, the thumb has one (the FPL). As the tendons
travel through the hand, they are surrounded by a synovial sheath. The flexor sheath consists of an
inner synovial layer, which produces synovial fluid, and an outer fibrotic layer. Synovial fluid provides
nutrition and lubrication for the tendons. The sheath thickens at certain points along its length to form a
complex system of pulleys which act as fulcrums for the flexor tendons, thus allowing the joints of the

fingers to flex without a bowstring effect to maximise grasp and power (Moutet, 2003) (Figure 7.12).

7.2.1. Flexor zones

The anatomical location of flexor tendon injury can be described in terms of five zones (Figure 7.13)
which help with planning management (Verdan, 1960):

B Zone I - distal to FDS insertion

Zone II — between insertion of FDS and the edge of the flexor sheath in the palm
Zone 11T — between the end of the flexor sheath and the carpal ligament

Zone IV — within the carpal tunnel

Zone V —in the forearm.
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Tendons Tendon pulleys

Figure 7.12. Flexor pulley system.
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Figure 7.13. Flexor zones.

7.3. Treatment

7.3.1.  Primary repair

Any laceration or wound over the palmar aspect of the hand and forearm should raise the suspicion of a
flexor tendon injury. All suspected flexor tendon injuries require careful surgical exploration under gen-
eral anaesthesia because the proximal cut end almost always retracts and is therefore difficult to locate
(Nakhdjevani and Ahmadi, 2007). Surgical repair is required if 60% or more of the flexor tendon is cut
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but, deceptively, a tendon may be 70-90% lacerated and still functional. Therefore, a high index of sus-
picion with a low threshold for surgical exploration is required to ensure these injuries are not missed.

Tendon repair is not an emergency; however, as time progresses the repair becomes more difficult as
the cut ends retract, tissue becomes more oedematous and scarred, and the prognosis worsens. Therefore,
repair should ideally be carried out within 7 days of injury. A delay of 10-14 days will require secondary
repair owing to tendon swelling, tendon contraction and muscle fibrosis (Griffin et al., 2012).

Tendons should be handled with care during surgery because excessive manipulation causes trauma
and leads to scarring and adhesion formation. Proximal incisions in the flexor sheath are used to find
retracted tendons; flexing the wrist and ‘milking’ the forearm can aid this process.

The first technique used for flexor tendon repair was described in 1917 (Kleinert et al., 1995). Since
then, several surgical approaches have been suggested; these implement contradictory ideas about opti-
mal management. The strength of a tendon repair is affected by a number of factors, primarily (Griffin
etal., 2012):

1. The repair technique used.
2. The suture material used and knot security.

The simplest repair technique is a two-strand approach such as the Kessler technique (Figure 7.14)
(Kessler, 1973). Increasing the number of sutures crossing the repair site has been shown to improve the
strength of repair. However, a greater number of strands requires more handling of the tendon, increas-
ing the risk of trauma and subsequent scarring. It is also technically more demanding and inappropriate
placement of sutures can lead to a load imbalance on the tendon (Winters et al., 1997).

The ideal suture material for flexor tendon should provide adequate tensile strength for long enough
to allow the tendon to heal. It must also be easy to use and prevent gap formation. Non-absorbable
synthetic sutures such as monofilament nylon, braided polyester and monofilament polypropylene have

o /ﬁ??

o 54

Figure 7.14. Flexor tendon repair techniques. A. Tsuge, B. modified Kessler, C. augmented Becker,
D. four-strand Savage and E. six-strand Savage.
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been shown to provide these desired properties and are routinely used in flexor tendon repairs (Trail
etal., 1989).

A number of synthetic tendon devices have been invented with the aim of improving post-operative
outcome. Mersilene mesh sleeves, Dacron splints and internal stainless steel anchors have been tried but
all were found to be unsuitable for clinical use. To date, there is not enough supporting experimental evi-
dence to warrant the use of any such devices, but research into this field continues (Griffin et al., 2012).

7.3.2. Follow-up

In the immediate post-operative period, patients will be put into a resting splint (wrist flexed at 20°, the
MCPJs flexed at 70° and the IPJs in extension) and referred to a hand therapy team. This resting posi-
tion ensures that the collateral ligaments at the MCP and IP joints are splinted at their maximal length
to prevent them tightening up and causing contractures. Rehabilitation after tendon repair is a balancing
act between achieving functional movement and avoiding tendon rupture. It is best managed by a team
of experienced physiotherapists. Early mobilisation of tendons has been shown to produce stronger
repairs with fewer adhesions (Tang, 2007); however, this may lead to an increased risk of tendon rup-
ture. Patients may not regain full use of their hand for up to 3 months and may have to be off work for
this period (Nakhdjevani and Ahmadi, 2007).

7.3.3. Complications
Complications following flexor tendon repair can be divided into early and late:

B FEarly complications — infection, pain, tendon rupture, pulley rupture and poor tendon gliding.
B Late complications — adhesions, stiffness, scarring and complex regional pain syndrome.

Tendon rupture occurs in 3-9% of cases (Elliot et al., 1994) and requires urgent secondary surgical
intervention. Causes of rupture following surgery include tendon overload, oedema, misuse of the hand
and early mobilisation (Griffin et al., 2012).

Adhesions occur in approximately 20% of cases (Manske, 1988), causing stiffness and pain.
They are treated with tenolysis, which can be performed 3-6 months after the initial tendon repair
(Strickland, 1985).

Damage to the pulley system during surgery should be avoided. Loss of A2 and A4 pulleys follow-
ing surgery can cause a bowstring effect across the IP and MCP joints, resulting in a weakened grasp
and reduced function. The only treatment for bowstringing is surgical pulley reconstruction (Mehta and
Phillips, 2005).

7.3.4. Tendon grafting

Secondary tendon repair consists of removing the diseased or non-functioning tendon and grafting the defect
with an autograft or allograft. Traditional autologous grafts include the palmaris longus, extensor digitorum
longus and plantaris tendons. Tendon grafting is performed as either a single or two-stage procedure.
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Single-stage grafting of the flexor tendon involves excision of the damaged tendon and its imme-
diate replacement with the harvested tendon graft. However, this technique is usually not successful
if the flexor sheath and pulley systems are disrupted. Mobilisation of the grafted tendon through a
scarred sheath leads to trauma, the formation of adhesions and a poor functional outcome (Elliot, 2011).
Therefore, this one-stage approach is rarely undertaken.

The alternative two-stage approach involves inserting a silicon rod as the first stage to form a
pseudo-sheath and allow free tendon graft though the pseudo-sheath at the second stage. The advan-
tage of two-stage grafting is that mobilisation of the tendon following the second stage is less traumatic
because it is located in a smooth-walled pseudo-sheath; this leads to a less painful and more supple hand.
This approach, despite its advantages, requires a great deal of patient co-operation and motivation; there-
fore, candidates should be carefully selected and given advice by hand therapists (Hunter et al., 1988).

7.4. Extensor tendons

Extensor tendon injuries are not as well researched as flexor tendon injuries and are often treated with
less respect. However, extensor tendon injuries and ruptures can be extremely debilitating and their
potential to cause problems should not be underestimated.

The morphology of extensor tendons changes along their anatomical course: they are cylindrical in
the forearm and wrist, become flat in the hand and fingers and expand into a wide fascia-like structure
over the MCP and IP joints. The intrinsic muscles of the hand also exert their influence partly through
the extensor apparatus. In the fingers, the extensor system has a complex arrangement, forming attach-
ments to the bone via the central and lateral slips (Figure 7.15). The tendons are deep in the arm and
wrist but become very superficial in the hand and fingers, making them highly vulnerable to injury.
Extensor tendon repairs can usually be carried out under local anaesthetic because the tendons are
superficial, tend to be quick to repair and don’t retract as they are held in place by juncture tendineae
(i.e. fibrous connections between individual extensor tendons).

Lateral slip  Central slip

Figure 7.15. Diagrammatic representation of the extensor attachment in fingers.
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7.4.1. Extensor zones

Extensor tendons are divided into nine anatomical zones (Figure 7.16):

Zone 1 — DIP joint
Zone 3 — PIP joint

Zone 5 — MCP joint
Zone 6 — metacarpal

Figure 7.16. Extensor zones.

Zone 2 — middle phalanx

Zone 4 — proximal phalanx

Zone 7 — carpal and wrist joint
Zone 8 — distal forearm
Zone 9 — proximal forearm.

Zone lll —

Zone IV —

Zone IX
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The anatomical zones in the thumb are:

Zone T1 —IP joint

Zone T2 — proximal phalanx
Zone T3 — MCP joint

Zone T4 — first metacarpal.

7.4.2. Treatment

Certain extensor injuries can be managed conservatively, while others need surgical intervention.
Surgical intervention should be considered if:

B  Tendon laceration is 50% or more.

B Tendon laceration is associated with a significant decrease in strength compared with the
contralateral side.

B  Tendon laceration is associated with joint space penetration, fracture, significant skin loss or a
contaminated wound.

B [Lacerations are proximal to zone VI.

Repair, as with flexor tendon injuries, is not an emergency but should be carried out within 7 days. If
repair is to be delayed, the wound must be irrigated and the hand placed in a resting splint.

7.4.3. Mallet injuries (extensor zone l)

Mallet fingers commonly result from closed avulsion injuries. They are due to injury of the extensor
tendon in zone 1. This is caused by sudden forced flexion of the DIPJ, usually resulting from a sudden
impact to the tip of an extended finger. Mallet injuries can be classified according to Doyle’s classifica-
tion system (Doyle, 1999):

B Type 1 - closed + small avulsion fragment.
B  Type 2 — open + tendon damage.
B  Type 3 — open + loss of tendon substance.
B Type4
o Transepiphyseal plate fracture (children).
o Fracture involving 20-50% of the articular surface (hyperflexion injury).
o Fracture involving greater than 50% of the articular surface — volar subluxation
(hyperextension injury).

Type 1 can be treated conservatively with a mallet splint for 6-8 weeks. It is important that the splint is
worn continuously and the DIPJ kept in an extended position. Surgical fixation is indicated for all open
injuries and after failed splinting (Cheung et al., 2012). If zone I injuries are not treated correctly, they
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can lead to a permanent swan neck deformity of the affected finger due to displacement of the extensor
more proximally, focusing extensor forces over the PIP joint.

Injury can also be sustained in sharp laceration or crush injury. Lacerations involving less than 50% of
the tendon are stable and do not require surgical repair. If the laceration is >50%, surgical repair is car-
ried out under local anaesthesia. In this zone, it is extremely important to avoid shortening of the tendon
because this can seriously impede flexion (Cheung ez al., 2012).

7.4.4. Boutonniere deformity: zone 3

A Boutonniere deformity results from injury and disruption of the central slip at the PIP joint. These can
usually be managed conservatively with a dorsal Boutonniere’s splint. Operative management involves
repair of the central slip.

7.4.5. Extensor pollicis longus injuries

The intrinsic muscles of the thenar eminence insert onto the extensor mechanism and can weakly extend
the IPJ. Therefore, injuries to the extensor pollicis longus (EPL) proximal to these insertions can eas-
ily be missed. It is therefore important to test the EPL by asking the patient to extend the thumb while
keeping the palm flat on a table.

8. NERVE INJURIES

Nerves are commonly severed as a result of penetrating injuries but may also be damaged by blunt
trauma and crush injuries.

Perineurium

Endoneurium

Figure 7.17. Structure of the nerve.
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8.1. Structure

Axons are contained within protective connective tissues (epineurium, perineurium and endoneurium).

The epineurium provides a supportive external barrier against outside stresses. The perineurium lies
beneath the epineurium and is formed by a thin sheet of flat cells with tight junctions that regulate diffu-
sion. The endoneurium is a loose collagen matrix that surrounds individual nerve fibres. One important
aspect of nerve anatomy is that individual fasciculi do not run in a straight line, but instead form plexuses
along a nerve fibre. An increased number of fascicles leads to an increased complexity of nerve repair.

8.2. C(Classification

The Seddon and Sunderland classification systems are used to describe nerve injury (Figure 7.18).
Neurapraxia is usually caused by application of a blunt compressive force to a nerve and causes a tem-
porary conduction block which will recover spontaneously. Axonotmesis describes axonal disruption
with intact supportive tissue. The regeneration time is slower but can be estimated at a rate of 1 mm of
regeneration per day (Isaacs, 2010). Higher-grade axonotmesis and neurotmesis (i.e. complete disrup-
tion of the nerve) do not allow spontaneous recovery because the axons cannot find their way to distal
endoneural tissue because of the distance or because passage is restricted by scar tissue. In these cases,
surgical reconstruction offers the best chance of recovery. Failure to repair these injuries can lead to
the formation of neuromas, comprised of disorganised axonal growth, which can be extremely painful.

Distal to the site of injury, Wallerian degeneration of the axons occurs within 24-48 hours. Especially
with blunt trauma, the severity of damage is not always clear at initial presentation. Serial examinations
can help to classify the injury. However, over time the denervated distal nerve tissue and muscle will
lose their ability to support axonal regrowth; therefore, surgical reconstruction should be done as early
as possible (Isaacs, 2010).
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Figure 7.18. Diagrammatic representation of Seddon’s classification of nerve injury.
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8.3. Treatment

8.3.1. Direct end-to-end nerve repair

The aim of nerve repair is to provide a framework in which the axon can regenerate. Direct tension-
less end-to-end epineural repair remains the first-line management and achieves the most predictable
outcomes following a sharp nerve division with a minimal gap. The ideal setting for direct repair is an
injury zone with a good blood supply and soft tissue coverage, and when repair is carried out in the first
few days following injury. A gap of more than 2.5 cm at the site of injury will usually require nerve
grafting (Isaacs, 2010). End-to-end repair should be carried out by suturing the epineurium together
with fine non-absorbable sutures in a tension-free fashion.

Grouped fascicular repair has been suggested by some to have a prognostic benefit following nerve
repair (Isaacs, 2010). This technique is similar to epineural repair but, in addition to epineurium alignment,
the perineural sheaths of individual fascicles are repaired under microscope magnification. This approach
attempts a more accurate approximation of regenerating axons, and is of benefit for larger proximal
nerves with both motor and sensory function. The drawbacks are that this technique is time-consuming
and requires more dissection and soft tissue disruption. In large mixed nerves, careful planning under
microscopy is essential prior to repair; landmarks such as the vaso nervorum and the shape of fascicles
are useful for ensuring that motor and sensory areas within the nerve are approximated correctly.

8.3.2. End-to-side repair

End-to-side repair may be favourable when the proximal aspect of the injured nerve is not salvageable.
The distal portion of the injured nerve can be sutured to an adjacent nerve with subsequent collateral
sprouting.

8.3.3. Fibrin glue

Fibrin glue has been suggested as an adjunct or alternative to epineurial suturing because it is quick and
easy to use. Fibrin glue contains components of the clotting cascade and produces a gel-like clot that
can be applied as adhesive glue around approximated nerve ends. This technique minimises trauma to
the nerve ends and creates a barrier to invading scar tissue. The main disadvantage of fibrin glue is its
inferior holding strength (Cruz et al., 1986).

8.3.4. Nerve grafting

The current gold standard for bridging a nerve gap is autologous nerve grafting. This technique involves
the dissection of both nerve stumps and then the grafts (for example, sural nerve grafts) are inserted
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loosely with no tension to bridge the gaps between the nerves with end-to-end suturing. Dissection of
the nerve stumps to isolate the major fasciculi individually can allow matched fasciculi grafting (Brown
and Mackinnon, 2008). The disadvantages of nerve grafting are the limitation in available graft length
and donor site morbidity.

8.3.5. Conduits

To bridge short gaps (<3 cm) where tensionless primary repair is not possible, conduits can be used.
Autologous conduits consist of harvested vein and, occasionally, artery. These are sutured to the epineu-
rium and provide a protective tube to aid axon regeneration. Synthetic alternatives avoid donor site
problems and provide the additional benefit of being semi-rigid in nature, leading to less kinking and
collapse (Rivlin et al., 2010).

Current commercially available conduits are made from polyglycolic acid, collagen and polycap-
rolactone. The synthetic tubes provide a biodegradable protective tube with added growth factors
between the nerve ends. They have varying degrees of permeability which aims to allow the diffu-
sion of supportive nutrients while preventing the invasion of scar tissue. These conduits have shown
promising results on small sensory nerves with short distances between the cut ends; however, their
successful use for larger mixed nerves such as the ulnar or median nerves has not been reported
(Isaacs, 2010).

8.3.6. Nerve transfers

Nerve transfer involves transection of a healthy nerve branch or the intraneural dissection of fascicles of
a healthy nerve, which are then transferred locally to a more functionally important distal nerve stump.
Motor function following an injury to a motor nerve is dependent on the number of motor axons which
reach the motor end plate within a critical period of time. This is not easily achieved with nerve grafts;
nerve transfer can provide a more reliable alternative (Isaacs, 2010).

9. VASCULAR INJURIES

Vascular injuries to the hand can be caused by penetrating trauma, blunt trauma and iatrogenic injury.

9.1. Structure

Arteries have an outer fibrous layer, the tunica adventitia, which anchors them to the surrounding tis-

sue; a middle layer of smooth muscle, known as the tunica media; and an inner layer, the tunica intima,
which is divided into a connective tissue layer and the endothelium (Figure 7.19).
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Figure 7.19. Diagrammatic representation of the cross-section of an artery.

9.2. Treatment

As already mentioned, it is important to identify these injuries at an early stage by performing a thor-
ough examination of the affected limb, looking in particular for signs of active bleeding, haematoma
formation, evidence of ischaemia, and weak or absent pulses. A history of pulsatile bleeding requires
surgical exploration even if the bleeding has not persisted to the time of examination because there is a
high risk of underlying arterial injury.

All arterial injuries resulting in distal ischaemia will require surgical repair. Venous injury in the upper
limb rarely requires surgical repair because of the extensive network of collateral vessels. Ligation of an
injured vein is usually well tolerated.

9.2.1. Radial or ulnar artery injury

Ligation of an isolated radial or ulnar artery is acceptable provided there is no evidence of distal ischae-
mia (Johnson et al., 1993). If both the radial and ulnar arteries are damaged, at least one must be
repaired. There is no evidence to suggest that repairing both arteries provides a better outcome then just
repairing one (Ballard er al., 1992).

9.2.2. Digital artery injury

Two small digital arteries supply blood to each finger (Figure 7.16). When one artery is damaged, with
no signs of ischaemia in the affected digit, the injury can be managed conservatively. Bleeding from the
affected artery may be controlled with local pressure or with a small suture to tie off the vessel. Caution
must be taken not to damage the digital nerve. If both digital arteries are damaged, then surgical repair
is required to restore circulation to the affected digit and prevent ischaemia of distal tissue.



SOFT TISSUE INJURIES OF THE HAND 181

9.3. Surgical repair

After adequate exposure has been achieved, the damaged vessel is dissected from surrounding tissue
to allow tension-free anastomosis to be performed. Any tethering or side branches are cauterised. The
operative field is irrigated with heparinised solution and vessels may be dilated with 1% lignocaine.
Mechanical dilation may also be used; however, this has the added risk of damaging the vessel wall. The
cut ends are examined under magnification and evaluated for evidence of vessel compromise such as
damage to the endothelium, crush injury or thrombosis. The damaged tissue is cut back to normal vessel
and the adventitial layer is stripped from the vessel wall. Approximator clamps are used to bring the cut
ends together. Systemic anticoagulation is given prior to the vascular anastomosis.

The surgical technique used to treat vascular damage will depend on the extent of injury. Owing to the
small size of these vessels, microsurgical techniques are often required:

B FEnd-to-end anastomosis — If a tension-free anastomosis can be achieved, the vessel is repaired
with a running or interrupted non-absorbable suture (7-0 to 8-0 for the radial and ulnar arteries
and 8-0 to 10-0 for the palmar and digital arteries).

B Vein grafting — If the gap is too large to achieve a tension-free repair, autologous vein grafts
can be used to bridge the gap. However, this technique has the added risks associated with the
donor site.

B Synthetic conduits — Conduits such as polytetrafluoroethylene (‘PTFE’) grafts have been
successfully used in trauma, but they increase infection risk and have an inferior patency rate,
especially for small vessels (Feliciano et al., 1985). Owing to such problems, these conduits are
rarely used clinically.

All vascular repairs require adequate soft tissue cover. Post-operatively, external compression of the
repair must be avoided and distal pulses should be monitored.

9.3.1. Complications

B Occlusion of the anastomosis is a common early complication and requires re-opening for surgical
exploration.

B Nerve injury.

B Tissue death and necrosis resulting from prolonged vascular compromise may require amputation
of the necrotic tissue.

B [nfection may require debridement and antibiotic treatment.

B Arteriovenous fistulas and false aneurysms are usually late complications and require surgical
repair.
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10. NAIL BED INJURIES

Trauma is a major cause of nail bed deformity. Injuries include subungual haematomas, lacerations,
avulsion of the nail plate, amputation and paronychial tissue damage. Even without penetrating trauma,
crush injuries can result in nail bed lacerations as the fragile nail bed tissue is squeezed between the hard
nail plate and the bone of the distal phalanx.

10.1. Structure

Perionychium — The nail and surrounding structures (hyponychium, nail bed and nail fold).
Eponychium — Soft tissue on the dorsal aspect of the nail which continues to the dorsal skin.

Luna — white arch visible on the nail distal to eponychium.

Nail bed — Lies underneath the nail plate. The nail bed proximal to the lunula is the germinal matrix and
distal is the sterile matrix. Keratinous nail growth occurs mainly from the germinal matrix (Reardon
etal., 1999).

Nail plate — Keratinous nail. Its cells become anucleated and transparent, revealing the pink underlying
nail bed.

Nail fold — Germinal matrix and eponychium. The fold is responsible for shaping the nail plate as it
grows distally (Figure 7.20)

A. Nail plate with sterile matrix below

. Hyponychium

l Paronychium

— Luna

— Eponychium

— Nail fold with germinal
matrix below

Nail plate Germinal matrix

Nail fold
Hyponychium

Figure 7.20. A. Diagrammatic representation of the nail. B. Cross-section of the fingertip.
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10.2. Subungual haematoma

Subungual haematoma is usually caused by crush injuries, leading to the formation of a collection of
blood between the nail bed and the nail plate. If the surface area of the haematoma is less than 25%
of the nail surface and the patient is asymptomatic with no underlying fracture, the haematoma can be
managed conservatively (Yeo et al., 2010). If the affected surface area is 25-50% or if the patient is
symptomatic, then the haematoma requires evacuation by trephination.

Haematomas covering greater than 50% of the nail or injuries with underlying distal phalynx frac-
tures have traditionally been treated with surgical repair involving removal of the nail and suturing the
underlying laceration (Gaston and Chadderdon, 2012). However, recent evidence suggests that, pro-
vided the nail plate still adheres to the bed and is not displaced from the nail fold, simple trephination
has a similar prognosis to surgical repair (Roser and Gellman, 1999). Additionally, trephination causes
less pain and a shorter stay in hospital.

Trephination is a technique that involves making a small hole in the nail plate over the site of the hae-
matoma to allow the blood to escape. This can be done with an electric cautery device or with a heated
paper clip or 18-gauge needle. Electrocautery is the safest option, with less risk of injuring the nail bed
once the nail has been penetrated.

10.3. Nail bed lacerations

Lacerations of the nail bed require careful repair to prevent nail deformity. They can be performed
under a digital nerve block. The nail is elevated using the blades of either fine or curved iris scissors or
small elevator scissors. Lacerations are repaired using 6-0 or smaller absorbable sutures, with minimal
debridement to preserve as much tissue as possible. All pieces of the damaged nail bed should be incor-
porated into the repair because isolated fragments can form painful nail horns or spicules.

If the nail fold is involved, this must also be repaired and stented (Harrison and Hilliard, 1999). The
stent can be in the form of the preserved nail plate which is re-inserted into the nail fold or, if the original
nail is missing, an alternative splint can be used such as aluminium foil. This also provides a protective
dressing for the repaired nail bed. A small hole is usually made in the nail plate to allow drainage of
blood (Cohen et al., 1990).

The nail bed is essential for nail growth; absence of a nail bed will result in deformity of the overlying
nail. Partial nail bed loss can be replaced with a split-thickness nail bed graft from adjacent nail beds or
from the big toe (Brown et al., 1999, Hsieh et al., 2004).

10.4. Fingertip amputations

Fingertip and pulp amputations are classified according to Allen’s classification (Figure 7.21)
(Allen, 1980):
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Figure 7.21. Allen’s classification of finger-tip amputation

Type 1 — Pulp only.
Type 2 — Pulp + nail bed.
Type 3 — Distal phalynx fracture + pulp and nail loss.

Type 4 — Distal phalynx fracture + pulp and nail loss involving the lunula.

10.4.1. Treatment

Fingertip amputations are treated according to the level of injury and the amount of viable tissue remain-
ing. Options include conservative management (allowing healing by secondary intention), skin grafting,
skin flaps, terminalisation and replantation of the amputated tip.

Allowing the injury to heal by secondary intention is preferred for type 1 amputations with super-
ficial clean wounds that have no bone exposed (Yeo et al., 2010). Healing can take several weeks and
requires regular dressing changes and wound hygiene. Skin grafts may be used for deeper wounds with
no exposed bone because healing times are generally shorter with a graft. However, there is the added
risk of donor site problems and loss of sensation to the grafted section. Therefore, secondary intention
healing is generally preferred for these injuries.

Exposed bone and extensive tissue loss require soft tissue coverage with local or free flaps. These
include V=Y advancement flaps, cross finger flaps, neurovascular island flaps, reverse vascular island
flaps and toe pulp transfers.

Traditionally, replantations of amputations distal to the DIPJ were considered to have a slow recovery
time with poor functional results. However, recent literature reviews suggest that distal replants have a
high success rate, especially with a clean-cut amputation rather than a crush injury (Sebastin and Chung,
2011). The results are especially promising in children; however, surgery is technically more demanding
because of the size of the structures involved (Lim et al., 2001). Distal replantation has the advantage
of preserving the finger length and the nail for functional and aesthetic results (Goldner et al., 1989).
The disadvantage of distal replantation is that surgery is more complex, hospital stays are longer and
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surgery has a higher cost and longer healing time. The healing time can be particularly important for
adult patients who depend on the use of their hands for their livelihood. For example, farmers and man-
ual workers may prefer the option of termination so they can return to work sooner.

11. SOFT TISSUE INFECTIONS OF THE HAND

11.1. Paronychia

Paronychia is infection of the soft tissue adjacent to the fingernail. It is usually caused by a superficial
trauma such as nail biting, manicure, hang-nails, and finger- or thumb-sucking (Franko and Abrams,
2013). The break in skin defences provides an entry point for bacteria which causes cellulitis of the
area. This infection may progress to form a localised abscess or may even spread under the nail plate to
form a subungual abscess (Canales et al., 1989). Abscesses may spontaneously decompress but usually
require drainage.

11.1.1. Treatment

If there is no fluctuance, the infection can be treated with warm soaks alone (Rigopoulos et al., 2008).
However, if there is a history of diabetes or peripheral vascular disease or if the patient is immunocom-
promised, they should also be given a short course of antibiotics in accordance with local antimicrobial
guidelines (Franko and Abrams, 2013).
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Figure 7.22. Incision and drainage of paronychia.
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In the presence of an abscess, the pus should be drained under a ring block. If the abscess is on one
side, a scalpel held parallel angled away from the nail bed is used to elevate the lateral nail fold and
allow the pus to drain. If the pus is under one corner of the nail root, the affected corner is cut. If the pus
has already tracked to both sides of the nail root, then two incisions are made at the nail root, allowing
the skin to be folded back and the proximal third of the nail to be excised (Figure 7.22) (Canale and
Beaty, 2013). For a subungual abscess, trephination of the nail is performed to allow the pus to drain.

11.2. Felon

A felon is an infection of the pulp of the finger which forms a painful and extremely tender abscess.

There is sometimes a history of superficial trauma to the finger, for example wooden splinters or small
cuts. The causative organism in most cases is Staphylococcus aureus (Connolly et al., 2000).

The infection can cause serious complications such as osteomyelitis of the distal phalanx and necrosis
of soft tissue, and may spread to cause a flexor tenosynovitis.

11.2.1. Treatment

Felons are treated by incision and drainage. The digit is first anaesthetised with a ring block. A long-
itudinal incision is then made on the pad over the point of greatest fluctuance. The space is washed
out thoroughly and packed with gauze. The gauze is removed after 24 hours and the wound washed in
saline. If possible, the cavity is repacked and the dressing changed once or twice daily. If the cavity can
no longer be packed, antibiotic ointment may be applied and the wound covered with a simple dressing.

11.3. Herpetic whitlow

A herpetic whitlow is a herpetic infection. It is important to be aware of this viral infection as a differ-
ential diagnosis for paronychia and felon because the symptoms can be similar; however, the treatment
is very different. The finger may be swollen but not very tender and small vesicles may form around
the nail. Treatment does not involve incision and drainage because this carries a high risk of secondary
bacterial infection. The infection will resolve spontaneously in 3—4 weeks and acyclovir may provide
symptomatic relief (Rubright and Shafritz, 2011).

11.4. Deep space infection

There are three anatomical spaces within the hand: the thenar, midpalmar and hypothenar spaces
(Figure 7.23). Deep fascial space infections involve one or more of these spaces, with infections of
the thenar space being the most common. The infection is usually caused by penetrating trauma which
introduces infection into the deep space or by infection spreading from a more superficial abscess or
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Figure 7.23. Deep fascial spaces.

tenosynovitis. Symptoms include pain and oedema of the hand and occasionally a history of fever.
Clinically, this condition is often difficult to distinguish from flexor tenosynovitis. There is, however, a
relative lack of pain with passive movements of the fingers and less pain with direct palpation along the
flexor sheath (Wiesel, 2012).

11.4.1. Deep fascial spaces

B The thenar space — Bordered dorsally by the fascia of the adductor pollicis, volarly by the tendon
sheath of the index finger, and radially by the insertion of the adductor pollicis tendon and fascia
on the proximal phalanx of the thumb.

B The midpalmar space — Bordered dorsally by the fascia of the second and third palmar
interosseous muscles, volarly by the flexor sheaths of the long, ring and small fingers and the
palmar fascia, radially by the midpalmar septum and ulnarly by the hypothenar septum.

B The hypothenar space — Bordered dorsally by the periosteum of the fifth metacarpal, radially by
the hypothenar septum and ulnarly by the fascia of the hypothenar muscles (Wiesel, 2012).

11.4.2. Treatment

All deep space infections of the hand require surgical drainage under general anaesthesia. Pus should be
sent for culture prior to administering intravenous antibiotics. Surgery involves thoroughly washing out
the space with saline and debridement of non-viable tissue. Wounds can be closed loosely over an irriga-
tion catheter. In severe infections or when there is doubt about the viability of tissue, the wound should
be left open. Closure may be delayed or the wound may be allowed to heal by secondary intention.
A second irrigation may be required at 48—72 hours in severe infections (Franko and Abrams, 2013).
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11.5. Flexor tenosynovitis

Infections of the flexor tendon sheath are usually caused by penetrating injuries (Siegel and Gelberman,
1988). They present with four cardinal signs (Franko and Abrams, 2013):

B Flexed posture of affected finger

B Diffuse swelling of the entire finger

B Tenderness along the flexor sheath

B Pain upon passive extension of the finger.

11.5.1. Flexor tendon sheath structure

The flexor sheath is a closed space that surrounds the flexor tendons along their course through the dig-
its. The sheath is lined with mesothelium and extends from the A1 pulley to the distal interphalangeal
joint. The flexor sheath of the thumb communicates with the radial bursa and the small finger sheath
communicates with the ulnar bursa (Figure 7.24).

Tendon
sheaths
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heads

Radial bursa
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Figure 7.24. Flexor sheaths of fingers and thumb.
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11.5.2. Treatment

Flexor sheath infections should be treated as emergencies because delay can result in vascular com-
promise to the tendon, leading to necrosis and adhesions. Infections which present within 24 hours of
onset may be treated conservatively with close observation, elevation, a resting splint and intravenous
antibiotics (Henry, 2011). However, if symptoms do not resolve within 24 hours, surgical intervention is
required. All delayed presentations require surgical drainage.

Surgery is performed under general anaesthesia. Incisions are made at the proximal and distal ends of
the flexor sheath and a catheter is inserted into one end for irrigation. After irrigation, the catheter may
be left in situ for 48 hours to provide continuous irrigation. Wounds are left open and allowed to heal by
secondary intention (Franko and Abrams, 2013).

12. EXTRAVASATION INJURIES

Extravasation is the leakage of fluid into surrounding tissue and usually occurs during intravenous drug
administration. The resulting injury depends on the substance that extravasates, and can range from mild
skin irritation to severe necrosis (Boyle and Engelking, 1995). Patients with small and fragile veins,
such as the very young or very old, are at a greater risk of extravasation injuries (Brown et al., 1979).
Patients receiving chemotherapy are likely to develop more severe reactions due to the cytotoxic drugs
involved (Langer, 2010).

Three main groups of chemicals can cause major tissue damage if they leak into soft tissue (Neligan
and Song, 2012):

B Osmotically active agents — Disrupt cell transport mechanisms causing cell death. Can also cause
precipitation of proteins, which damages cells (e.g. hypertonic potassium and calcium solutions,
parenteral nutrition, and radiographic contrast solutions).

B Vasoconstrictive agents — Cause ischaemia and tissue necrosis (e.g. vasopressors, adrenaline,
dopamine and dobutamine).

B Cytotoxic agents — Cause direct cell injury. Doxorubicin is the agent most commonly reported to
cause tissue necrosis (Conde-Estevez et al., 2010).

The symptoms and signs usually occur immediately and may include pain, swelling and erythema. If
symptoms persistent for more than 24 hours, the injury is more likely to progress and develop ulcera-
tion (Heckler, 1989). Ulceration can occur up to 2 weeks after the injury and forms a dry, black eschar.

12.1. Treatment

Opinions are divided on the optimal management of extravasation. There is an argument for initial
conservative observation because not all injuries will lead to ulceration (Larson, 1985). However, some
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evidence suggests a benefit of early intervention to dilute or remove the causative agent using methods
such as saline flush out or liposuction (Gault, 1993).

As soon as symptoms develop, the infusion should be stopped and the cannula removed from the
affected vein. The hand should be elevated.

In saline flush out, the affected area is injected with hyaluronidase which breaks down connective tissue.
Multiple stab wounds are made to allow exit of the solution prior to flushing the area with normal saline.

Blistering is treated as for a chemical burn. Small partial-thickness blisters will heal by wound con-
traction and re-epithelialisation. Larger blisters require excision and grafting. After debridement of
necrotic tissue, exposed tendons may need coverage with dermal substitutes such as Integra® or with
local rotational flaps.

13. SUMMARY

B  Trauma is a major cause of hand dysfunction.

B Care is provided by a multidisciplinary team of surgeons, physiotherapists and occupational
therapists.

B Following trauma, patients are managed by an ABC approach that deals with life- and
limb-threatening injuries first.

B A detailed history including the mechanism of injury, previous medical history and social history
is required, along with a thorough examination following three steps — LOOK, FEEL and MOVE.

B During surgery, fractures and dislocated joints are repaired first, followed by tendons and finally
neurovascular structures, which are the most delicate.

B As medical science advances, the quality of hand reconstruction will improve. Hand
transplantation and tissue-engineering approaches to hand surgery represent an exciting future for
this field.
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Lower Limb Trauma and Reconstruction

Rebecca Nicholas, Ayyaz Quddus, Jon Simmons

1. INTRODUCTION

High-energy lower limb trauma can result in complex bone and soft tissue injury, with associated vas-
cular and nerve damage. Advances since the mid-1990s in fracture fixation and soft tissue management,
including microsurgical reconstruction, have altered the trend in favour of limb salvage as opposed to limb
amputation (Ong & Levin, 2010). The joint British Association of Plastic Reconstructive and Aesthetic
Surgeons (BAPRAS) and British Orthopaedic Association (BOA) Standards for the Management of
Open Fractures of the Lower Limb, published in 2009, highlight the vital importance of a multidiscip-
linary approach between orthopaedic and plastic surgeons with appropriate clinical experience from the
initial assessment in casualty to definitive surgery (BAPRAS, 2014). The primary goal of treatment is to
preserve a limb that has greater functionality than that of an amputated limb. Where limb salvage is not
possible, maximal functional length should be preserved (Georgiadis et al., 1993). The BOA Standards
for Trauma (BOAST 4), derived from the BAPRAS-BOA Standards for the Management of Open
Fractures of the Lower Limb, highlight the importance of achieving the best outcomes by timely, spe-
cialist surgery rather than emergency surgery by less-experienced teams (BOA Standards for Trauma).
The annual incidence of open fractures of the long bones is reported to be 11.5 per 100,000 persons
(Court-Brown et al., 1998), of which approximately 40% occur in the lower limb, most commonly at
the tibial diaphysis (Howard & Court-Brown, 1998). Complex lower limb injury is more common in
men, in those aged 20-45 years and in people with a history of alcohol abuse (MacKenzie et al., 2000).

2. CLASSIFICATION

Two of the classification systems in common use for lower limb trauma are the Gustilo—Anderson
(Gustilo & Anderson, 1976; Gustilo et al., 1984) and the Mangled Extremity Severity Score (MESS)
classifications (Johansen ef al., 1990).
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Gustilo and Anderson published their initial classification of open tibial injuries in 1976; it
describes the escalating severity of open lower extremity wounds by grades I-III. The more severe
injuries (grade III) were further subdivided into three groups in 1984, when Gustilo published a
revised version of the classification system. The revised Gustilo classification system is widely cited
in the literature; its utility has been confirmed by clinical studies and it remains the standard descrip-
tive classification used by trauma and orthopaedic surgeons (Figure 8.1). Despite the widespread use
of the Gustilo-Anderson classification, a significant limitation is its poor inter-observer reliability,
shown by Brumback and Jones to be 60% (Brumback & Jones, 1994). It is important to be aware that
surface injury does not always reflect the amount of deeper tissue damage and that the scoring system
does not account for tissue viability and tissue necrosis, which tend to evolve with time. When used as
part of the initial evaluation in the emergency department, it is easy to under-classify open fractures;
a true classification of the wound can only be made in the operating theatre after completion of the
surgical debridement of devitalised tissue (Kim & Leopold, 2012).

The MESS was designed to help a surgeon evaluate whether the limb is salvageable or not depending
on four important parameters: the extent of skeletal and soft tissue injury, the degree of limb ischae-
mia, the presence of shock and the age of the patient. A total score of six or less favours the survival of
the limb whereas a score of seven or above suggests that successful salvage of the limb is improbable
(Figure 8.2).

The MESS was established by Johansen and colleagues in 1990 (Johansen et al., 1990); however,
since its inception, advances in reconstructive techniques combined with a multidisciplinary approach

Gustilo & Anderson Classification

Grade I: A clean wound < 1cm in diameter with no crushing injury,
minimal muscle contusion and a simple fracture

Grade Il: A wound with a diameter of >1cm without extensive tissue
disruption and a simple fracture without comminution

Grade lll: High energy trauma with severe crushing component,
extensive soft tissue disruption involving muscle and
neurovasculature structures, comminuted and segmental
fractures and traumatic amputation

Grade Ill but with adequate soft tissue coverage

Tissue damage extending to the bone leading to periosteal
stripping, bone exposure, bone loss or major wound
contamination

Associated arterial injury requiring repair

Figure 8.1. The Gustilo & Anderson classification of open tibial injuries.



LOWER LIMB TRAUMA AND RECONSTRUCTION 195

MESS Score

Skeletal and soft tissue injury
Low-energy injury (1)
Medium-energy injury (open fractures) (2)
High-energy injury (military gunshot wound) (3)
Very high energy injury (major contamination) (4)

Limb ischaemia*
*the score in this parameter is doubled if limb ischaemia > 6 hours
Reduced or absent pulses but adequate perfusion (1)

Pulseless, paraesthetic limb with decreased capillary refill time (2)
Paralysed, cool insensate limb (3)

Presence of shock
Systolic blood pressure consistently greater than 90mmHg (0)
Transient hypotension (1)
Persistently low systolic blood pressure of less than 90 (2)

Age of the patient
Age less than 30 years (0)
Age between 30-50 years (1)
Age greater than 50 years (2)

Figure 8.2. The Mangled Extremity Severity Score (MESS).

involving orthopaedic, plastic and vascular surgeons have made a significant difference in limb salvage
and secondary reconstruction (Fodor et al., 2012). In addition, ongoing uncertainty for orthopaedic and
plastic surgeons regarding the decision of whether to amputate or salvage the severely injured lower
limb led to the development of the Lower Extremity Assessment Project (LEAP) study to answer this
question. This study offered a wide variety of pre-injury, injury, treatment and outcome variables to
examine lower extremity injuries. Although surgeons are now (as a result of the study) more capable of
counselling their patients because of a better understanding of the prognostic variables, it is debatable
whether they are better prepared to alter the outcome (Higgins et al., 2010).

3. PRIMARY MANAGEMENT IN THE EMERGENCY DEPARTMENT

High-impact lower limb trauma is frequently associated with multisystem injuries (‘polytrauma’). In
such cases, the priority must always be life before limb. Initial evaluation and management should
be conducted in accordance with the Advanced Trauma and Life Support (ATLS) guidelines (Bell e
al., 1999), with the aim of stabilising the patient systematically using the ABC (airway, breathing,
circulation) approach. Cervical spine control should be maintained as part of the airway and breathing
assessment, and haemorrhage control is integral to trauma circulation assessment. Haemorrhage control
should be achieved promptly using direct pressure or with tourniquet assistance if direct pressure fails
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(Bell et al., 1999). A tourniquet should only ever be used as a temporary measure and all efforts should
be made to prevent prolonged ischaemia of a limb. This will often necessitate emergency surgery.

Following a primary survey and life-saving measures, a brief medical history will identify potential
risk factors that may have an impact upon subsequent surgical management (including anaesthetic risk)
or lead to delayed healing. Screening should be done for factors including smoking, diabetes mellitus,
peripheral vascular disease, malnutrition, osteoporosis, peripheral neuropathy and excessive alcohol
intake. Such factors are associated with an increased risk of infection and fracture non-union and can
ultimately affect surgical management (Richard et al., 2014).

Following a primary survey and stabilisation of the patient, the viability of the limb should be
assessed. The clinician should avoid handling the wound in the emergency department unless to remove
large debris or reduce gross contamination (such as agricultural or marine waste). Photographs should
be obtained prior to sealing the wound with saline-soaked gauze and a bio-occlusive dressing to protect
it from further contamination. The limb should then be immobilised in a splint (BAPRAS, 2014).

Examination of the pulses, colour, temperature and turgor of the foot, in comparison to the
non-injured contralateral limb, allows an evaluation of the vascular supply of the limb. Capillary
refill time can be misleading in the distal limb and, if uncertainty persists, interpreting the waveform
of pulse oximetry (Cook, 2001) and hand-held Doppler studies of the vessels can both be helpful.
It is important to maintain a high index of suspicion for compartment syndrome and, if there is any
doubt, to measure compartment pressures. A significant part of the neurological assessment of the
limb involves evaluation of both motor and sensory components of the posterior tibial and peroneal
nerves because complete disruption of these nerves can be a relative contraindication to limb salvage.
However, the LEAP study found that absent plantar sensation at the time of presentation did not prove
to be an indication for amputation, a predictor of functional outcome or even a predictor of eventual
plantar sensation (Higgins et al., 2010).

Fracture assessment is best evaluated by the orthopaedic surgeon using a combination of visual exam-
ination of the wound and interpretation of radiographic imaging of the tibia. This should include two
orthogonal views including the knee and ankle joint and is mandatory in any suspected complex lower
limb traumatic injury. The quality of the surrounding soft tissue (skin, subcutaneous tissue, muscle and
periosteum) is difficult to assess in the emergency department and is best examined during primary
debridement in the operating theatre by a plastic surgeon (BAPRAS, 2014).

Anti-tetanus prophylaxis and broad-spectrum antibiotics should be administered as soon as possible
and categorically within 3 hours of the original injury. The first-line choice should be intravenous
amoxicillin/clavulanic acid (‘co-amoxiclav’ 1.2 g, three times daily), clindamycin (600 mg, four times
daily in those who have had previous penicillin anaphylaxis) or a cephalosporin such as cefuroxime
(1.5 g, three times a day intravenously). Antibiotics should continue certainly until primary debride-
ment and subsequently until definitive wound closure or for a maximum of 72 hours (whichever is
earlier) (BAPRAS, 2014).

Serial examination of the neurovascular status of the injured limb is essential in order to recognise
established or evolving limb-threatening compromise. The neurovascular status should be documented
in the notes prior to handling or intervention.
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4. TIMING OF SURGERY

The four major instances that warrant immediate surgical exploration are:

Presence of compartment syndrome.
Major contamination of the wound with agriculture, sewage or marine waste.
An arterial injury compromising the blood supply to the limb.

L=

Multiply injured patients with another injury that warrants immediate surgery.

In the absence of these, debridement should be performed as a joint procedure by an experienced
orthopaedic surgeon and an experienced plastic surgeon in the next available daytime trauma list within
24 hours (see below) (BAPRAS, 2014).

5. REFERRAL TO SPECIALIST CENTRES

Complex open lower limb fractures require a multidisciplinary approach involving plastic and ortho-
paedic surgeons with sufficient experience to manage such injuries. Usually, the initial assessment on
the scene is carried out by the ambulance service and patients are appropriately triaged directly to a
trauma centre that has the necessary expertise for the degree of injury. However, when patients present
to a hospital in which such a team is unavailable, prompt referral and transfer to the nearest specialist
centre is essential.

In addition, there are specific features of open tibial fractures that warrant referral to specialist centres
and clinicians should be alert to these. These features are based on certain patterns of fractures and soft
tissue injuries.

5.1. Fracture patterns

Transverse or oblique tibial fractures with fractures of the fibula at a similar level.
Segmental tibial fractures.
Fractures with bone loss either at the time of injury or following debridement.

Eal o

Fractures of the tibia with comminution or butterfly fragments with concomitant fibular fracture at
a similar level.

5.2. Soft tissue injury patterns

1. Degloving (avulsion type injury, where the skin and/or soft tissues are torn from their
neighbouring tissues, culminating in disruption of blood supply to the affected tissues).
2. Loss of skin such that tension-free wound closure is not possible.
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3. Injury to one or more of the major arteries of the lower limb.
4. Injury to the muscles that requires excision of devitalised muscle.

6. COMPARTMENT SYNDROME

The lower limb is divided into four discrete compartments by the investing deep fascia: the anterior, lat-
eral, superficial and deep posterior compartments (Figure 8.3). An increase in pressure within these fixed
osseofascial compartments can compromise tissue perfusion of the lower limb, resulting in myoneural
necrosis and ultimately loss of limb function. Post-ischaemic reperfusion injury and direct crush injuries
of the limb are frequently associated with an increase in intra-compartmental pressure. This is a surgical
emergency which needs to be diagnosed and treated immediately.

Although compartment syndrome occurs more commonly after closed leg injuries, it can also occur
following open tibial fractures (reported as 2-9%) (Park et al., 2009). A high index of suspicion should
be maintained for high-energy fractures and unconscious patients.

The principle signs of compartment syndrome include marked pain out of proportion to the injury,
tenderness on palpation of the compartment, pain on passive movement of the muscles affected, paraes-
thesia and paralysis of the limb. Absent pulses are a late sign and are not specific to compartment syn-
drome. Therefore, their presence should not exclude a diagnosis of compartment syndrome. Pulses are
characteristically lost in prolonged compartment syndrome where muscle necrosis has usually occurred,
but should also alert the surgeon to the possibility of a vascular injury.

A definitive diagnosis of compartment syndrome can only be made upon measurement of compart-
ment pressures. It is imperative that every effort is made to make an accurate diagnosis because inap-
propriate fasciotomies can be linked to significant morbidity.

In any case of suspected compartment syndrome, compartment pressures should be estimated using
a specific transducer such as the Stryker intra-compartmental pressure monitor, ideally from all four
compartments. An increase from normal tissue pressure (2-7 mmHg) to 30 mmHg indicates a high
likelihood of compartment syndrome, and pressures of 35-40 mmHg are an absolute indication for
decompression. A more accurate measure of compartment pressure is the differential pressure (diastolic
pressure minus compartment pressure). A differential pressure of <30 mmHg is an indication for fasci-
otomy or decompression (McQueen & Court-Brown, 1996).

6.1. Treatment of compartment syndrome

Diagnosis and early intervention are of the utmost importance in the management of compartment
syndrome. Tissue injury becomes irreversible within a couple of hours, with resultant muscle and nerve
loss. The definitive management in such a circumstance is four-compartment fasciotomy of the lower
limb to decompress the compartments (Figure 8.3).

The subcutaneous borders of the tibia are identified and vertical skin incisions are placed at 15 mm
from the medial border and 20 mm from the lateral border. The careful placement of these incisions is
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Figure 8.3. Cross-sectional anatomy of lower limb and approach to four-compartment fasciotomy in
compartment syndrome. Source: Rebecca Nicholas.

essential in order to preserve perforators which may be important for subsequent soft tissue reconstruc-
tion (see below). The superficial posterior compartment is decompressed through the medial incision.
The fascia overlying the posterior tibial neurovascular bundle at the ankle is incised upward, detaching
the soleus muscle from its origin from the tibia and subsequently decompressing the deep posterior
compartment. The lateral incision decompresses the anterior compartment; from here, the lateral intra-
muscular septum is divided, releasing the peroneal compartment.

7. VASCULAR INJURIES

A devascularised limb is a surgical emergency and warrants immediate surgical exploration. The aim is
to restore circulation within 3—4 hours, after which significant tissue ischaemia occurs. After 4 hours,
irreversible myoneural necrosis starts to occur and further ischaemia leads into an unsalvageable limb.
With a narrow window for muscle salvage, pre-operative angiography for a limb with suspected arterial
injury is unlikely to confer a benefit and may delay definitive treatment. The likely site of vascular injury
can be recognised from fracture configuration and any site of dislocation.

The degree of urgency of revascularisation of the lower limb is dependent upon which artery is
injured. Disruption of the popliteal artery is seen in patients with posterior dislocations of the knee and
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requires urgent revascularisation because the blood supply to the leg is dependent on the patency of this
vessel. In cases of arterial injury distal to the trifurcation, where one vessel is patent, the decision to
repair a second vessel is clinical because no studies have demonstrated differences in outcome in such
situations (Thorne et al., 2007).

Arterial shunting can restore circulation to the lower limb effectively and quickly, and markedly
reduces the morbidity associated with ischaemia. Clinical assessment of the limb once circulation has
been restored is important for determining the success of revascularisation and the salvage status of
the limb. Skeletal stability should be achieved before definitive vascular repair because bone manipu-
lation can disrupt the repair. Once definitive bony fixation has been achieved, temporary shunts can be
replaced with reversed vein grafts. Four-compartment fasciotomies should be considered at the time of
revascularisation surgery to prevent compartment syndrome.

8. PRIMARY DEBRIDEMENT

This should be performed on a scheduled daytime trauma list by experienced orthopaedic and plastic
surgeons as a joint case within 24 hours of the injury.

The aim of debridement is to excise all non-viable tissue except for neurovascular bundles. Firstly,
the limb is washed with soapy chlorhexidine solution and a tourniquet is placed on the thigh. Alcoholic
chlorhexidine solution is used to prepare the skin. At the time of primary debridement, antibiotic prophy-
laxis in the form of Augmentin (co-amoxiclav; 1.2 g, intravenous) or a cephalosporin (cefuroxime;
1.5 g, intravenous) with gentamicin (5 mg/kg) should be administered; co-amoxiclav or cefuroxime
should be continued until soft tissue closure or for a maximum of 3 days, whichever occurs first. The
wound should be extended along fasciotomy incisions to enhance visualisation so that the extent of the
soft tissue and bony injury can be assessed in detail. The skin excision should be extended until bleeding
dermis is visualised.

The structures of the injured limb are evaluated in a systematic manner from the periphery of the
wound to the centre, and from the most superficial layer of tissue to the deepest (skin, fat, muscle and
bone). Colour, bleeding pattern and contractility are all good indicators of muscle viability. All devital-
ised and contaminated tissue should be removed. The bloodless field provided by the tourniquet enables
excellent visualisation during soft tissue debridement; however, deflating the tourniquet is likely to
enable a better assessment of viable bone because the ability of the end bone to bleed is a significant
determinant. Loose fragments of bone which fail the ‘tug test’ are excised, as are fracture ends and any
larger bone fragments which are non-viable. Once debridement is complete, the wound should be copi-
ously irrigated with saline.

At this stage, the injury can be classified using the Gustilo—Anderson Classification. Depending on
the state of the soft tissues and the pattern of bony injury, the joint orthopaedic and plastic surgical team
can either perform definitive skeletal fixation at the time of primary debridement or make an alterna-
tive definitive reconstructive plan, ideally aiming for soft tissue closure within 72 hours of the original
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injury. If soft tissue closure cannot be achieved during the initial procedure, a gentamicin bead pouch
or, more commonly, a topical negative-pressure dressing should be applied. Negative-pressure dressings
can promote wound contracture, promote granulation tissue formation, increase local microvascular
blood flow, remove exudate and reduce peri-wound oedema (Herscovici et al., 2003).

9. FRACTURE MANAGEMENT

Establishing skeletal stability is of the utmost importance in the management of a complex open tibial
fracture. During primary assessment in the emergency department, it is recommended that a limb splint
is used for immobilisation.

At the time of initial debridement, when definitive fracture treatment and wound coverage are not pos-
sible, spanning external fixation (SEF) is the method of choice in a severely damaged lower limb involv-
ing significant tissue loss owing to the wide zone of injury associated with Gustilo IIIb and Illc fractures.
This method of temporary fixation has a role in helping maintain limb length and provides increased pain
relief (Egol et al., 2005). SEF allows rigid fixation with minimal devascularisation and without caus-
ing further damage to the soft tissues of the lower limb. However, owing to its design, such fixation can
potentially cause obstruction during microvascular free flap reconstruction. An awareness of this problem
is important so that surgeons can plan the placement of pins and bars such that access to the posterior
tibial artery is available and fracture stability is not compromised. Pin tract care should also be meticulous
because it is a well-known source of infection. Prompt conversion from external fixation to internal fixa-
tion was previously advocated; however, today unilateral external fixators (such as a spatial frame) can be
used as a primary and definitive treatment for tibial shaft fractures. They are associated with a low deep
infection rate; re-operation or a change of the method of fixation should only be performed when there is
adelay in callus formation (Beltsios ez al., 2009). Since the early 2000s, advances in the design of fixators
and bone pins have provided an invaluable alternative for trauma surgeons.

If, at the time of primary debridement, there is adequate soft tissue coverage and minimal contam-
ination, then internal fixation can be performed simultaneously. The most suitable type of permanent
fixation is dependent on fracture patterns and degree of bone loss.

Intramedullary nails are a common method of definitive skeletal fixation. They can be used to achieve
adequate bone alignment and fixation, are extremely stable and allow immediate weight-bearing in
many cases. They are less suitable where there has been significant communition or bone loss.

Internal fixation using plates and screws can provide rigid fixation and good quality bone alignment.
However, it requires extensive periosteal/soft tissue stripping, which could further compromise tissue
with poor vasculature. It also introduces considerable foreign material into the wound and is associated
with an increased infective failure. Owing to these risks, internal fixation using plates and screws is now
rare in the UK. In cases in which plating may previously have been advocated, the use of a spatial frame
is now more common because it minimises these risks. If plating is still performed, then immediate soft
tissue cover by either direct closure or soft tissue reconstruction is essential.
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Where significant bone defects exist as a result of segmental loss, neither intramedullary nail fixation
nor internal fixation with plate and screws alone will suffice. In such cases, a staged approach is often
necessary. Initially, primary bone shortening (for segmental defects of <3—4 c¢m in length) or temporary
bony spacer insertion (where shortening of >3—4 cm in length is likely to kink vessels, which may result
in distal ischaemia) may be performed, with subsequent lengthening once soft tissue healing has been
achieved. The three main methods of subsequent restoration of length are delayed cancellous bone graft-
ing (ideal for bone gaps of 3 cm) and the use of a spatial frame distraction technique to either perform
bone distraction at the site of the fracture or lengthen the bone at a site remote to the original fracture by
performing osteotomy and bone transport. More recently, the Masquelet technique (the use of a tempo-
rary antibiotic cement spacer followed by staged bone grafting confirmed by an induced biomembrane)
has also been shown to have a role in the management of osseous long bone defects (Wong et al., 2014).

However, in practice, it is often the quality of the soft tissues and the extent of soft tissue injury, rather
than the length of bone defect, which determines the choice of reconstruction (Lin et al., 1999; Vasconez
& Nicholls, 1991; Cierny et al., 1992; Amr et al., 2002).

10. DEFINITIVE SOFT TISSUE MANAGEMENT

The overall aim of soft tissue management is to provide stable wound coverage with an acceptable
appearance and minimal donor site morbidity. Choice of the type of soft tissue coverage is dependent
on the extent and location of the open tibial injury and patient factors such as age and co-morbidities. In
circumstances such as type I, type II and even type Illa open fractures, primary closure is often appro-
priate if the size of the wound and skin defect is localised (Kamath ef al., 2012). In type IIIb and Illc
fractures with large wounds with appreciable skin defects and exposed bone and tendon, more com-
plex techniques are often necessary. These may include local or microvascular free flap reconstruction
(Kamath et al., 2012; Boyce & Shokrollahi, 2006).

However, the principles of soft tissue management remain the same: thorough wound debride-
ment, control of wound infection by appropriate antibiotic treatment and coverage with healthy
donor tissues harvested from outside the zone of injury. In high-energy tibial fractures, definitive
soft tissue reconstruction should ideally be undertaken within 72 hours of the original injury and
within a maximum of 7 days after the original injury to reduce the risk of osteomyelitis and fracture
non-union (Ong & Levin, 2010).

10.1. Local flaps

A flap is a unit of tissue that can be transferred to cover a wound while maintaining its own vascular
supply (Boyce & Shokrollahi, 2006). Flaps can be classified in several different ways. One way is to
categorise them according to their circulation: they can be random pattern (no directional blood supply,
common in the face) or axial, including fasciocutaneous and musculocutaneous flaps. The latter are
particularly useful for covering defects in the proximal two-thirds of the lower limb.
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10.2. Local muscle flaps

Muscle flaps can be classified according to their blood supply. Five different types were classified by
Mathes and Nahai (Mathes & Nahai, 1981). Type I flaps are supplied by a single vascular pedicle such
as the gastrocnemius. The soleus is classified as type II because it has one dominant pedicle and minor
pedicles. Both these muscles are found in the superficial posterior compartment of the leg. The gastro-
cnemius, and less commonly the soleus, can be used for local flap reconstruction in complex open tibial
fractures because of their good blood supply.

The gastrocnemius muscle has two heads (medial and lateral) arising from the medial femoral con-
dyle and lateral femoral condyle, respectively. As the blood supply to this muscle is derived from the
sural vessels above the knee, either head can theoretically be used to cover small defects of the knee and
proximal tibia. In practice, the medial gastrocnemius muscle is most commonly used to cover defects in
proximal third tibial fractures because it is larger and longer than the lateral head (Kamath ef al., 2012).
The functional deficit on locomotion of losing one head of the gastrocnemius muscle is minimal.

The soleus muscle is located deep to the gastrocnemius muscle, and only half of the muscle
(hemi-soleus) is usually harvested as a muscle flap in order to preserve muscle function (Hyodo et al.,
2004). It is easily and readily available and transposes well over large defects along the middle third of
the tibia. Because of the arc of rotation, muscle flaps considerably larger than the defect are required in
order to provide adequate coverage. Neither the gastrocnemius nor the soleus muscle flap is generally
considered appropriate for the distal third of the leg.

A small defect over the middle tibia may rarely benefit from a turnover flap of the tibialis anterior
muscle. Due to its segmental and less reliable blood supply (type IV), the tibialis anterior muscle should
be split longitudinally, leaving an intact tendon. Furthermore, this muscle is extremely important in
dorsiflexion of the foot and is thus less preferable to other local muscle flaps. The major problem with
using local muscle flaps is that in extensive open wound injuries such as Gustilo IIIb and IIlc, the donor
muscles are often severely injured and thus not available for transfer.

10.3. Fasciocutaneous flaps

Fasciocutaneous flaps are based on vessels running in close association with or within the fascia. They
are commonly derived from the limbs and were categorised by Cormack and Lamberty into four types
(A-D) according to the pattern of their blood supply (Cormack & Lamberty, 1984). Fasciocutaneous
flap options in the lower limb include the saphenous flap and the medial or lateral distal fasciocutane-
ous flap. The most commonly used flap is a distal medial fasciocutaneous flap. This is most reliably
based on the posterior tibial artery perforator arising approximately 10 cm above the medial malleolus,
which is why the correct placement of fasciotomy incisions, when required, is paramount (see section 06).
Saphenous flaps are useful for covering small defects around the proximal tibia in low-energy tibial
fractures where the vasculature has not been compromised by the zone of injury or by degloving. The
length of the flap can extend down the leg as far as the 15-cm perforator arising from the posterior tibial
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artery. Fasciocutaneous flaps are insufficient to cover large defects requiring well-vascularised soft tis-
sue coverage. In this case, the donor site will usually require a split-thickness skin graft.

10.4. Microvascular free flap reconstruction

A free flap is a unit of tissue harvested with its blood supply from a distant site in the body. It is com-
pletely detached from the source vessels and subsequently anastomosed to recipient vessels close to the
defect using microsurgical techniques.

Microvascular free flap reconstruction has an important role in the management of high-energy lower
limb trauma with associated bone, soft tissue and muscle loss as a result of its ability to provide versatile
healthy tissue that can fill dead space and provide additional vascularity to the wound. Free flaps are
particularly useful in the management of fractures involving the distal third of the tibia, ankle and foot,
where local reconstructive options are limited.

In all cases, thorough debridement of contaminated or devascularised tissue from the site of injury
is mandatory prior to free flap reconstruction. Investigations such as computed tomography angiogra-
phy and plain angiography afford the analysis of distal arterial blood flow, thus allowing appropriate
pre-operative planning. Microvascular free flap reconstruction should take place in a specialist centre on
a scheduled daytime theatre list by plastic surgeons experienced in microsurgical techniques.

The most common free flaps selected for reconstruction of the lower limb include the anterolateral
thigh flap, often used as a chimeric flap with the vastus lateralis muscle which provides a rich blood
supply to the fracture site (see below); the free radial forearm flap; and the latissimus dorsi and graci-
lis muscle free flaps. The rectus abdominis free flap is now less frequently used for reconstruction of
the lower limb. Recipient vessels must be carefully selected from outside the zone of injury to prevent
post-operative thrombosis and end-to-side anastomosis should be performed where possible to preserve
circulation to the distal limb.

Microvascular flap tissue transfer in the management of open tibial fractures was traditionally reserved
for circumstances in which local or regional flap reconstruction was not feasible owing to the techni-
cally demanding nature of the surgery, longer operative time, greater medical complication rates, longer
hospital stay and high incidence of flap loss (Kamath ez al., 2012). However, evidence now suggests
that in experienced hands in specialised centres there are actually fewer complications with free flaps
than with fasciocutaneous flaps and that patients previously thought to be inappropriate candidates for
microvascular transfer, such as elderly patients and those with diabetes or peripheral vascular disease,
are in fact most prone to complications following local flaps. No randomised clinical studies have com-
pared the use of local fasciocutaneous flaps and free flaps. However, available experimental evidence
from animal models favours muscle flap coverage for open tibial shaft fractures to promote more rapid
bony healing when compared with fasciocutaneous flaps, which may be best reserved for coverage of
metaphyseal fractures, particularly at the ankle. The division between local fasciocutaneous flap and
free muscle transfer has become increasingly blurred with the growing use of the anterolateral thigh
flap, which can be raised as a chimeric flap to include a portion of vastus lateralis muscle. This is a
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Table 8.1. Local or distant flap recommendations based on zone of injury and type of soft tissue defect.

Zone of lower leg/tibial injury Flap reconstruction Alternative flap choice
Proximal third Gastrocnemius + SSG Saphenous artery based or microvascular
free tissue transfer
Middle third Soleus + SSG Distally based fasciocutaneous flap or
microvascular free tissue transfer
Distal third Distally based medial Distally based sural artery flap or
fasciocutaneous flap microvascular free tissue transfer

SSG = split skin grafting.

particularly attractive option for the reconstruction of complex lower limb soft tissue defects because it
not only provides well-vascularised healthy muscle from outside the zone of injury with a skin paddle,
but has the added benefit of avoiding an unsightly skin grafted donor site that is typically associated
with the local fasciocutaneous flap (Ong & Levin, 2010). Table 8.1 summarises some of the common
options for soft tissue reconstruction by zone of tibial injury (proximal, middle and distal thirds of the
lower limb) (Park et al., 2009).

11. AMPUTATION

Unfortunately, in some cases it is clear that a limb is not salvageable and primary amputation is indicated.
Perhaps the only absolute indication for primary amputation is a catastrophic injury with life-threatening
haemorrhage. Relative indications include serious associated polytrauma, an unstable patient who is
unlikely to survive a prolonged salvage procedure, severe ipsilateral foot injury, segmental tibial fractures
or multiple zones of injury such as segmental muscle loss involving affecting two or more compartments.

Damage to the posterior tibial nerve and subsequent loss of plantar sensation is not an absolute indica-
tion for primary amputation but has to be taken into account along with all other factors when consider-
ing limb salvage. The overall aim of treatment of a lower limb injury is preservation of a limb that will
be more functional than an amputation. However, where amputation is necessary, a key underlying prin-
ciple is to provide a functional limb length. The levels of amputation can either be transtibial (i.e. below
knee amputation), transfemoral (above knee amputation) and through knee amputation, depending on
whether the knee is salvageable as a functional unit. Below knee amputations are preferable because
patients have a much greater functional outcome and can participate in physical activities requiring a
greater amount of energy than is possible for patients who have an above knee amputation. The daily
distance travelled is also significantly higher in below knee amputee patients; this correlates with a
much improved quality of life compared with patients undergoing transfemoral amputations.

The decision to amputate should be undertaken by two consultants and include discussion with the
patient and, ideally, with family members wherever possible.
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12. CONCLUSION

High-energy lower limb trauma can result in complex bone and soft tissue injury with associated vascu-
lar and nerve damage. It is mandatory that a multidisciplinary team approach involving the orthopaedic
and plastic surgery teams is integrated with basic ATLS protocols for assessment in the emergency
department. Broad-spectrum antibiotic prophylaxis and early surgical exploration combined with care-
ful wound debridement, treatment of vascular injuries and subsequent definitive skeletal and soft tissue
management form the mainstay of surgical management of complex open fractures.

The overall goal of treatment is always to restore form and function with pain-free bony union and a
stable soft tissue envelope. To that end, limb salvage is aimed for wherever this would provide greater
functionality compared with an amputated limb. Where the functionality of a reconstructed limb falls
below that of a prosthesis, amputation with preservation of maximum functional limb length still has a
valuable role in the management of these patients.
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Injuries of the Facial Skeleton

Tom W. Andrew, Nicholas Kalaverozos

1. INTRODUCTION

Facial trauma management is evolving, primarily owing to developments in imaging and bone fixation
technology and the application of microsurgical techniques, including the recent potential for allograft
reconstruction (Devauchelle et al., 2006). An appreciation of the psychological complications of facial
fractures, the shift toward early one-stage repair with immediate bone grafting and the use of cos-
metic incisions highlights the change. Management is most effective within a multidisciplinary team;
however, plastic surgeons are uniquely placed in this unit because they are trained to handle the full
spectrum of pathology from urgent stabilisation to late surgical revision, without the discrimination of
anatomical involvement. The plastic surgeon should be able to make an appropriate clinical assessment
with imaging, construct a definitive operative plan with alternative strategies and, finally, be aware of
their complications. This chapter will guide the reader through these methods according to anatomical
fracture location.

A transformation in facial fracture has also occurred with regard to the mode of injury. An overall rise
in craniomaxillofacial trauma is mostly attributable to a rise in interpersonal violence. There has been a
prominent reduction in road traffic accident (RTA) facial trauma as a result of (Cox et al., 2004):

B [egislation — 1966 Drink driving, 1983 Seat belt
B Car design — crumple zones, airbags and laminated windscreens.

The aetiology of such injuries is currently interpersonal violence, 36%; RTA, 32%; falls, 18%; sport,
11%; and occupational, 3% (Erdmann et al., 2008). Despite the reduction in RTA incidence, injuries
are often serious (43%) (Hutchison et al., 1998). Alcohol increases the frequency and severity of facial
injury, with 45% of facial fractures being related to its consumption (Hutchison et al., 1998). The face is
central to self-recognition and social interaction, respiration, nutritional intake, vision and communica-
tion. Facial injuries have high morbidity and mortality rates, reflecting the need for effective understand-
ing and management.

208
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2. EXAMINATION OF FACIAL INJURIES

2.1. Initial management

As with all traumatic injury, steps of the sequential Advanced Trauma Life Support (‘ATLS’) algorithm
should be commenced. Isolated facial injuries are rarely life-threatening; however, in high-impact trauma,
concomitant injuries are a concern, particularly for acute brain injury and visceral damage. Associated
emergencies should be detected in the primary survey: this is primarily airway compromise. Airway com-
promise is the commonest cause of mortality, making its establishment and maintenance of the highest
priority. Obstruction occurs by the tongue occluding the oropharynx (especially common in bilateral man-
dibular fractures because of central displacement), from foreign bodies such as teeth or from excessive
upper airway haemorrhage, particularly in those with an altered Glasgow Coma Scale. The first-line treat-
ment for securing an airway after the appropriate use of suction, forceps and tongue placement is tracheal
intubation. This is often very difficult in laryngeal injury owing to haematoma; when oral attempts of intu-
bation fail, the next approach is the fastest surgical one, cricothyroidotomy. If there is hoarseness, a palpa-
ble fracture and subcutaneous emphysema, the suggestion for a laryngeal fracture would promote the use
of a tracheotomy avoiding the zone of injury. Although haemorrhage may cause airway concerns unless
there is involvement of major vessels, severe consequences such as hypovolaemic shock are rare and will
otherwise be detected in the secondary survey and treated urgently. Bleeding should be controlled by direct
pressure. Bleeding of the maxillary artery territory is usually controlled by nasal balloons in the post-nasal
space; these should be used with caution because of the risk of intracranial damage as a consequence of a
co-existing cribriform plate fracture. To encourage haemostasis, several techniques may be applied: pos-
tural assistance, A—P packing, vasoconstrictors, controlling blood pressure, cauterisation and embolisation.

Cervical spine injuries in the context of facial fractures are challenging to quantify objectively; they
are reported to be 0-8% (Elahi et al., 2008). Despite being elusive, they are unanimously accepted as
serious complications and require urgent management. Neurological injury is a common consequence
of facial trauma: in one case series, 79.4% of facial fractures were reported to have a degree of trau-
matic brain injury (Martin et al., 2002). Most patients with facial trauma will undergo head computed
tomography (CT) as part of the complete trauma evaluation. If an acute brain injury is present, surgical
repair of the facial fracture is postponed until it is stabilised because a deteriorating Glasgow Coma
Scale (GCS) cannot be assessed under general anaesthetic and the fluid overload effects of surgery can
worsen a neurological deficit.

2.2. Facial trauma evaluation

When assessing region-specific anatomy, the patient’s medical history should be considered, along with
pre-morbid occlusion and any facial deformities or ophthalmological pathologies. This is often more
difficult because of the status of the patient; for example, those with midface fractures are often uncon-
scious or intubated (Cornelius ez al., 2013).
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2.3. Scalp

The scalp should be inspected for lacerations by carefully parting the hair. The skull vault should be
palpated, feeling for crepitus or haematoma. Any suspected fracture of the skull requires the opinion of

the neurosurgical team.

2.4. Eye examination

In any patient presenting with facial trauma involving the orbit, a thorough examination of the globe and
associated structures is mandatory because 90% of patients with facial fractures sustained ocular inju-
ries of various severities (Al-Qurainy ef al., 1991). Externally, the globes and periorbital region should
be assessed for Racoon’s sign, suggestive of an anterior cranial fossa fracture, hyposphygmia, crepitus
and displacement. A visual examination is performed for every patient, often combined with a visual
fields exam and colour desaturation, which will reflect any optic nerve damage. In retrobulbar haemo-
rrhage, an accumulation of intraorbital pressure may cause the compression of neurovascular structures,
leading to severe pain and a tense proptotic globe. Medical management consists of oxygen, mannitol,
acetazolamide and intravenous steroid administration. The patient’s visual impairment requires urgent
decompression; there is a time frame of 1 hour before the onset of permanent blindness, of which colour
vision is the most sensitive early indicator. Surgical decompression should come in the form of a lateral
cantholysis, following which exploration with the evacuation of the haemorrhage must occur in the
operating theatre.

Concerning signs include pulsating exophthalmos, which is typically a carotid—cavernous—sinus
fistula and requires radiological examination pre-operatively. Emphysema is another orbital emer-
gency which can significantly raise the intraorbital pressure and may also require release (i.e. valving).
Entrapment of the extraocular muscle is more common in children (who can suffer greenstick fracture)
and is detected by a forced duction test. Entrapment requires immediate release because of the dangers
of necrosis and permanent strabismus. Direct and consensual pupillary responses are elicited to deter-
mine the function of the second and third cranial nerves. Anisocoria may be an indication of second or
third nerve damage or of direct trauma to the iris. A relative afferent pupillary defect is indicative of
optic nerve injury and can be elicited by a swinging flashlight test. Range of motion testing of each eye
will determine the function of the third, fourth and sixth cranial nerves. Although these tests are helpful
in the emergency department, ophthalmologic consultation should be considered in every case of orbital
trauma and assessed under dilation.

2.5. Ear examination

Hearing should be assessed in both ears. Inspection for haematoma may require a bolster dressing to
prevent the formation of a cauliflower ear through cartilage resorption or a reactive chondrogenesis.
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Examination for laceration or collapse of the external canal should be performed, as should examination
of the mastoid process for Battle’s sign and of the tympanic membrane for rupture or a haemotympa-
num. Blood or cerebrospinal fluid (CSF) in the ear canal may indicate skull base fractures or external
auditory canal lesions resulting from a condylar fracture owing to the location of glenoid fossa.

2.6. Nasal examination

Examination of the nose starts with an inspection for swelling or asymmetry, followed by palpation and
an assessment of nasal airway compromise.

Nasal inspection using a speculum enables examination of the nasal cavity. It is very important to
rule out a septal haematoma because this has to be drained to avoid infection, which can result in septal
perforation. Haematoma can also pull the periosteum from the nasal bone, causing mucosal necrosis
and a saddle-nose deformity. Nasal packing or splints should be inserted to prevent the recurrence of
haematoma.

2.7. Oral and throat examination

Inspection should include the assessment of haematomas, lacerations, foreign body or malocclusion.
Palpation should be commenced to feel for any fracture mobility and steps at the zygomaticomaxillary
buttress. An anterior open bite deformity is commonly associated with Le Fort fractures.

2.8. Soft tissue injuries

The sensitivity of head and neck examination may be significantly affected by facial swelling. Lacerations
are a particular challenge to the aesthetic outcome over areas such as the eyelids, nasal alae and vermil-
lion border. Pre-existing facial lacerations can be used and extended along relaxed lines of skin tension
to assess fractures; this is not contraindicated by bacterial contamination. Lacerations and abrasions
contaminated by dirt and small foreign particle should be scrubbed within 24 hours to avoid traumatic
tattooing. Wounds should be monitored for infection and sutures removed at the appropriate healing
phase. The patient should avoid sun exposure and be reminded that scars may take months to years to
fully mature.

2.9. Peripheral nerve and parotid duct injuries

There is a close anatomical relationship between the buccal branch of the facial nerve and the parotid
duct. The functional importance of facial and trigeminal nerves are respected in primary repair
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or tagged for secondary repair; the most important branches of these nerves supply eyelid clo-
sure. Parotid duct laceration may lead to a salivary fistula or sialocele. To close, a stent is placed
through the intraoral orifice at the third molar through Stenson’s duct and sutured using microsurgi-
cal techniques.

3. RADIOLOGICAL FINDINGS

The availability of CT imaging has enabled the surgeon to better define fractures as well as the degree
of fracture displacement and the need for reduction.

3.1. Computed tomography

By obtaining CT axial fine slices, the surgeon can obtain excellent reformatted coronal, oblique and
parasagittal views. The surgeon can also obtain three-dimensional views.

3.2. Cone beam technology

Cone beam technology allows an adequate determination of hard tissue problems but is not equivalent
to CT technology in terms of soft tissue assessment. Further limitations of cone beam technology result
from a more limited scanning region. Because there is less exposure to radiation, cone beam scanning
may be more suitable for follow-up.

3.3. Plain X-rays

Most centres with CT facilities seldom use two-dimensional imaging. Some centres find a post-operative
anteroposterior and lateral view useful to document plate and screw placement. Two-dimensional imag-
ing lacks precision particularly for the sagittal extent of the injury.

For dental and jaw trauma, standard orthopantomography is helpful. If there is uncertainty of the foreign
body location, further X-rays are necessary and endoscopic measures may be appropriate for retrieval.

3.4. Magnetic resonance imaging

Magnetic resonance imaging might be indicated to better detect soft tissue problems such as ocular
pathologies. Rarely, ultrasound may be indicated to detect intraocular or intraorbital disorders, e.g.
haematoma.
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4. FRONTAL SINUS

Patients with frontal sinus fractures may present with a laceration of the forehead. Any haematoma or
ecchymosis over the glabellar region, as well as bony contours or crepitus locally, should raise the sus-
picion of sinus injury. Pneumatisation of the frontal sinus is not complete until late adolescence, mak-
ing fractures rare before this stage (Yavuzer et al., 2005). The frontal bone is the strongest bone of the
craniofacial skeleton and requires between 360 and 1000 kg to fracture; however, this is easily achieved
in an RTA (Nahum, 1975).

As illustrated in Figure 9.1, concomitant injuries are common: 75% of fractures have regional pathol-
ogy and 20% are associated with a CSF leak (Yavuzer et al., 2005). If CSF leakage is suspected, the
following diagnostic procedures may be performed:

B Checking for a positive halo sign

CT scanning of the cribriform plate

Comparing the concentration of glucose between fluid and the patient’s serum
Laboratory analysis for beta-transferrin

Direct visualisation via transnasal endoscopy.

4.1. Decision

Patients with frontal sinus fractures may present with obvious contour deformities of the forehead, but
the swelling associated with the injury often blunts the degree of deformity. Injury to the frontal sinus
is commonly associated with injury to the central nervous system, and early evaluation should focus on
this possibility. Axial cuts of the CT scan are useful for determining the degree of injury and involve-
ment of the anterior table, posterior table and nasofrontal duct. These three structures are used in the
classification of frontal sinus fractures, as well as their subsequent treatment.

4.2. Surgical approach

The objective of treatment is to create a safe sinus and restore aesthetic unity. The procedure begins
with a bicoronal incision or incision through existing cuts in the forehead. The borders of the sinus are
marked and an osteotome is used for trephination of the frontal sinus. All bony fragments should be
collected and orientated on the table to help fixation and for replacement at the end of the operation.
Any drainage compromise requires frontal sinus obliteration. Mucosa should be fastidiously removed,
including from the vascular crypts of Breschet. Nasal communication should be eliminated and the sinus
filled with graft tissue (Metzinger and Metzinger, 2009). This approach has been challenged based on
the current understanding of osteoneogenesis. It is suggested that filling the sinus with non-vascularised
material such as fat has no advantage over not filling it at all (Rohrich and Mickel, 1995). Any posterior
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Posterior Table- 0.1-4mm

Anterior Table- 2-12mm

Figure 9.1. Tllustration of frontal sinus anatomy. Local anatomy as depicted in this illustration justifies the
frequency of serious concomitant injuries associated with frontal sinus fractures. These include ophthalmological,
intracranial and skull base complications.

displacement of posterior table fractures requires cranialisation, in which the posterior table is removed
and the brain is allowed to expand into the site previously occupied by the sinus.

The use of an endoscopic approach has not been discussed in detail here because it still has a minimal
role in the management of frontal sinus fractures in most trauma centres; however, scarring and swelling
may be reduced via an endoscopic brow lift, allowing a faster recovery (Simmons and Manson, 2009).

4.3. Aftercare

All patients should receive prophylactic antibiotics. Close attention is essential for the late sequelae of

head injury, infectious complications and sinus clearance. A CT should be done if the patient complains
of abnormal nasal drainage or frontal headaches, or if symptom-free at 6 months post-operatively to
confirm their non-pathological state. Patients with sinus fractures in the periorbital region should not
blow their nose in order to avoid additional emphysema due to acute pressure rise. Should sneezing
occur, maintaining an open mouth posture minimises the increase in intranasal and intrasinus pressure.

Fractures of the posterior table place patients at a risk of acute meningitis, and the entrance of mucosa
trapped within the cranial cavity creates the risk of mucocoele formation. Patients should be educated
about the symptoms of sinusitis, mucocoele formation and intracranial infections. Late complications,
although uncommon, are insidious and indicate serious pathology.
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In the UK and USA, it is common to leave plating systems in situ. Cold intolerance is uncommon
and its pathophysiology is not fully understood. Screws and plates, however, should be removed from a
healed fracture site in children to allow growth.

5. ORBITAL FRACTURE

A full ophthalmological examination is essential, particularly for visual impairment and globe position,
the accuracy of which is likely to be limited by prominent swelling of the eyelids. Important clinical
signs include circumorbital ecchymoses and subconjunctival haemorrhage. After palpating around the
orbital aperture, a CT scan should be done. This has superseded plain X-ray because it can display the
site of fracture and its displacement, which are crucial for surgical planning. On radiological imaging,
herniation of orbital contents into the maxillary antrum produces a teardrop sign, indicating an orbital
floor blowout fracture.

5.1. Decision

Observation or surgical intervention is based on clinical and radiological findings. There are two
well-documented scenarios in which an orbital fracture repair is performed: extraocular muscle entrap-
ment and enophthalmos. The posteromedial aspect of the orbit is convex and inferior displacement will
significantly increase intraorbital volume, leading to enophthalmos. This should be overcorrected to
adjust for subacute swelling. Pure orbital fractures are blow-out fractures, requiring an oblique parasag-
ittal view, and roof fractures should be assessed for CSF leakage owing to regional anatomy.

5.2. Surgical approach

Methods to protect the cornea during eyelid incisions vary according to the surgeon’s personal prefer-
ence, but most patients will require temporary tarsorrhaphy or a corneal shield. The most common
complication from incisions used to access the orbital floor is lower eyelid retraction. This may result in
ectropion or entropion. The surgeon should be cautious of the infraorbital nerve. Approaches include:

B The subciliary approach, often used for blepharoplasty and has the highest risk of associated
retraction.

B The transconjunctival approach, which has consequently gained popularity because of the superior
cosmetic result and may be extended by lateral canthotomy.

B A subtarsal incision can also be employed, especially in older patients, to conceal the incision
with prominent lower lid rhytides. Scarring of the eyelid is usually inconspicuous with time
because of the thinness of the skin at this site.
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5.3. Orbital fracture reconstruction

To identify portions of the orbital wall that are intact and contiguous with the orbital apex, dissection is
necessary. A periosteal elevator is used to dissect posteriorly, avoiding the infraorbital nerve within the
orbital floor. There is more controversy regarding the appropriate material used for fracture repair than
for anywhere else in the human body (Avashia et al., 2012). Materials should be flexible to allow mould-
ing and be radiopaque and relatively bioinert. A resorbable implant may be favoured in children to allow
growth. After fitting, forced duction should be performed to ensure free movement of extraocular muscles.

5.4. Aftercare

A full ophthalmological examination is necessary. Eye movement exercises are considered beneficial.

Often, there is an element of both enophthalmos and hypoglobus in malreduced orbital fractures. The
most common presentation of these deformities is diplopia, which is corrected by restoring the orbital
volume. If this occurs secondary to malunion, then reconstruction is challenging, requiring osteotomy
of the entire zygomatic complex.

6. NASO-ORBITOETHMOID

The naso-orbitoethmoid (NOE) region is formed from several structures of the upper facial skele-
ton: the nose, orbit and ethmoid. Fractures of this region can be classified as shown in Figure 9.2.1

Figure 9.2. Tllustration of naso-orbitoethmoid fracture classification. I. The medial canthal tendon (MCT) is
attached to a relatively large central bone fragment. II. The MCT is attached to a comminuted bone fragment. III.
Avulsion of the MCT from a bony insertion.
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Figure 9.3. Tllustration of Le Fort fractures. The force required for each Le Fort fracture increases from I to II; the
pattern demanding the most force is III.

(Markowitz et al., 1991). Although these go some way to describing the involvement of pertinent ana-
tomy of the midface, another key structure that is intimately associated to the NOE region is the lacrimal
system, which may cause epiphora and dacryocystitis.

6.1. Decision

Patients commonly present with pain and facial swelling. In addition to the standard protocol for oph-
thalmological examination, the canthal distance and bowstring test must be performed. The intercanthal
distance was first defined by Waardenburg as 32—-33 mm and >35 mm in Caucasian women and men is
considered abnormal. A positive bowstring test, which provides no resistance, detects fracture segment
movement (Waardenburg, 1951). Patients may complain of anosmia, and inspection of the nose may
show it to be retruded due to lack of support. These patients should have an assessment of their nasal
airway status.

Insertion of the two limbs of the medial canthal tendon into the frontal maxilla process forms the cen-
tral components of the NOE region and surrounds the lacrimal fossa. A CT should visualise all relevant
anatomy but will focus on this in particular.

6.2. Surgical approach

For NOE fractures, it is technically challenging to restore the normal appearance and contours of the
nose and eyes, which is the general goal of surgery. Type 1 fractures are treated by the fixation of the
bone fragment to the adjacent surrounding bone. Type 2 fractures can be fixed or wired if the fragment
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is too small, potentially requiring bone grafting. Type 3 fractures also need reduction and bone graft-
ing and will certainly need transnasal fixation of the medial canthal tendon. To avoid telecanthus, it is
essential that after transnasal medial canthoplasty the tendon pulls in a posterior and superior direction,
as opposed to anteriorly.

Damage to the nasolacrimal system should be treated surgically at the time of the primary surgery and
managed with stenting or dacryocystorhinostomy.

After bony reduction, there may be a lack of definition at the epicanthal fold; many surgeons advocate
the use of an external nasal splint. This is useful for ensuring that the overlying soft tissue adheres to the
bone by compressing it and by preventing haematoma formation, but the surgeon should be cautious of
potential skin necrosis.

6.3. Aftercare

The patient is given topical ocular antibiotics and eyes are closed for 24 hours.

7. NASAL

Nasal fractures are the most common facial fracture and, although more commonly isolated, it is impor-
tant to consider other fractures because they are associated with maxillary, NOE and frontal sinus frac-
tures (Rhee et al., 2004). Isolated injuries are diagnosed clinically, which is best done on days 5-7 after
allowing oedema to pass.

7.1. Surgical approach

Management is based upon the appearance and function of the nose. To assess this fully, epistaxis should
be controlled and the site cleaned. If there is no airway obstruction and non-displacement, observational
management is best. Closed reduction of the fracture is ideally done immediately or during days 10—14
and done with the assistance of local anaesthesia. Open reduction is performed if the fracture is open or for
a failed closed approach or complex fracture. Septorhinoplasty is performed according to the patient’s or
surgeon’s preference or if presentation is too late for reduction and the fracture has healed inappropriately.

8. ZYGOMATICOMAXILLARY COMPLEX FRACTURES

Zygomaticomaxillary fractures are some of the most common fractures treated by the plastic surgeon.
As a result of the aetiology (most often interpersonal violence), left-sided fractures are much more
common than right-sided and, as with most craniofacial fractures, they are more common in young
men. Unfortunately, they are often treated incorrectly, resulting in post-operative complications or
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unfavourable outcomes, such as enophthalmos, due to malposition of the fracture segment. Inspection
should be from above and behind the head to show displacement and rotation of the zygoma. Swelling
from the injury frequently conceals the malar recession and any evidence of enophthalmos.

8.1. Decision: zygomatic arch fractures

Pure arch fracture is suspected in a patient with pain, swelling and a palpable step-off without any find-
ings of the zygomaticofrontal area or inferior orbital rim. A common sign is trismus. There may be an
inability to move the mandible across as a result of coronoid impingement.

8.2. Decision: complex

This is a fracture involving the zygoma and surrounding bones. There are many classification systems,
which clinically are not particularly helpful. The weakest bone of the zygomaticomaxillary complex
(ZMC) is the orbital floor and, as a result, fractures of the internal orbit almost always occur; it is there-
fore especially important to make sure that the patient’s visual acuity has not been compromised (Ellis
and Reddy, 2004). A fracture of the ZMC may commonly cause numbness of the infraorbital nerve
distribution. Axial and coronal CT are standard.

The lateral orbital wall is the site of articulation between the greater wing of the sphenoid and the
zygoma; this site must be involved in a true ZMC fracture, thus determining the need for operative
intervention. This site is palpated along with the maxilla and various sutures: the zygomaticofrontal,
frontonasal and frontomaxillary. Intuitively, because of the anatomy, an ophthalmological examination
and intraoral palpation of bony deformities are performed.

8.3. Surgical approach

Historically, zygomaticomaxillary fractures were treated with a closed reduction approach via the Gillies
lift. This is still appropriate in isolated arch fractures, but for a true ZMC fracture an open approach with
precise internal fixation is necessary. Important landmarks of ZMC reconstruction, and for all midface
fractures, are the buttresses, which are vital supporting structures (illustrated in Figure 9.3.1). Operative
treatment of arch fractures is indicated for severe depression of the arch causing either a cosmetically
significant contour depression or impingement on the coronoid process and trismus.

One goal of treatment is to restore orbital volume, orbital width, anteroposterior projection and height
of the midface (Kelley et al., 2007). The operative decision is largely dependent on CT imaging because
swelling often precludes an accu