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Preface

“Scarring is a natural part of the healing process” as defined by Wikipedia (https://
en.wikipedia.org/wiki/Scar) and underlines the coexistence of two processes: injury 
and healing.

Thus, a scar is a mark of life, beyond a simple medical problem. Its impact on us as 
human beings is greater than one can imagine.

Scars are present even in art collections, for example the painting SCAR by German 
artist J. Coblenz. Scarring is also well symbolized in ancient Chinese art. Music 
uses the idea of scar with metaphoric symbols in the lyrics of different songs, for 
example “Scar Tissue” by the Red Hot Chili Peppers has wonderful and powerful 
words. Movies have caught the attention of scar too with the film SCAR released in 
2007 or, more recently, Sharp Objects from 2018.

Scars are parts of our lives and extensively we can admit that almost everyone has 
one.

Skin scarring is an important medical problem, and is a main concern for patients, 
physicians, and researchers who deal with cutaneous injury and repair. Deciphering 
the process of scarring and finding new methods to treat “ugly” scars remain tena-
cious aims for many researchers from around the world.

Anca Chiriac
Professor,
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Department of Dermatology,

Iasi, Romania Apollonia University,
Iasi, Romania

Petru Poni Institute of Macromolecular Chemistry,
Iasi, Romanian Academy
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Iasi, Romania
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Chapter 1

Introductory Chapter: Scars
Anca Chiriac

1. Overview

Scar is the result of the process of wound healing that, finally, modifies the 
normal skin morphology. Wound healing process is very complex and incomplete 
elucidated, but it is based on four major processes: coagulation, inflammation, 
proliferation, and remodeling [1].

Dermal injury, especially reticular dermis damage, induces permanent scars [2].
In daily practice one can admit that every person can have their particular 

scarring process, provoking an important negative impact on quality of life, due to 
cosmetic, physical, physiological, and, sometimes, disfiguring effects.

If the inflammatory process is too intense, it can initiate abnormal fibroblast 
proliferation and excessive collagen, resulting keloids or hypertrophic scars. If col-
lagen degradation is more intense than collagen synthesis, the result is an atrophic 
scar [3]. Keloid is different from hypertrophic by its margins which extend beyond 
the limits of the initial wound, whatever the type.

Different types of scars can develop after variable type of skin wounds, caused 
by a large variety of factors, ranging from simple trauma to surgery, from therapeu-
tic methods (laser) to inflammatory skin disorders (acne). “Spontaneous” keloids 
can be diagnosed, in the absence of any sign of skin injury, especially in young 
adults, more often located on the upper back.

On the other hand, the type of skin scar is influenced by many factors: genetic 
predisposition, skin structure, age and gender, race, comorbidities, or/and systemic 
or local treatment corroborated with type, depth, and location of skin injury [4]. 
Anatomical area can influence the type of scarring; thorax and superior limbs are 
most likely to develop hypertrophic and keloid scars, while this type of scarring is 
never seen on the eyelids [5].

The cause of skin injury plays an important role in pathological scarring. Burns 
of different degrees are followed by hypertrophic scars, especially if the deep 
dermis is affected, in predisposed individuals and in the presence of skin infec-
tion [6]. Keloids have been reported after non-intense but chronic trauma, for 
example, ear piercing [6]. Scarring in acne, in adolescents, is atrophic type and 
difficult to manage.

Burns raise difficulties in therapy not only in acute phase but also when patho-
logical scarring occurred. Hypertrophic scars develop 1–2 months after burns, while 
keloids can be observed much later, even years.

Scars can be asymptomatic or accompanied by pruritus or pain, but major 
concern is esthetic anxiety.

Scars are treated by an interdisciplinary team, plastic surgeon, dermatologist, 
family care physician, and specialized nurse. Variable guidelines are available, but 
treatment of a pathological scar remains, even nowadays a challenge.

Within the pages of each chapter of the book Scar, new insights in definition, 
etiology, pathogenic mechanism, and therapeutic methods are described. The book 
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is a guideline for medical care providers who treat patients with scars but also can 
open new doors for understanding and treating pathological scarring.

The introductory chapter presents clinical images of skin scars (Figures 1–7), in 
order to show the huge impact on quality of life of patients and the difficulties and 
limitations of physicians treating such lesions.

Figure 2. 
“Spontaneous” keloids.

Figure 1. 
Recent postsurgery scar.
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Figure 3. 
Keloids after ear piercing.

Figure 4. 
Atrophic scar after electrical burn.

Figure 5. 
Striae induced by prolonged use of topical potent steroids.
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Figure 6. 
Squamous cell carcinoma arising within the margins of an ancient caustic burn.

Figure 7. 
Atrophic scar after bleomycin injected for vascular anomaly.
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Chapter 2

Scarring After Burn Injury
Lindsay Damkat-Thomas and John Edward Greenwood

Abstract

Burn injury is a trauma that has variable scarring outcomes dependent on both 
the size and the depth of the burn. This chapter will discuss the pathophysiology 
of wound healing by both primary and secondary intention and its applicability to 
burn wounds. The importance of accurate assessment of burn depth and its impact 
on the primary treatment and subsequent scar outcome will be explored. Special 
anatomic areas such as the face, hands and neck will be highlighted. Skin graft-
ing and skin substitutes as treatment options will be reviewed. Improvements in 
burn care have enabled people to survive larger burns that may once have proved 
fatal. The emphasis of treatment, once healing has been achieved, is now focused 
upon rehabilitation and scar management. Scar management strategies including 
pressure garments and silicone therapy are highlighted along with secondary scar 
revision strategies.

Keywords: burn scars, burn surgeon, extensive deep burn injury

1. Introduction

Scarring in the aftermath of burn injury is generally perceived (at least by the 
media and the general public) to be universally both horribly disfiguring and 
permanently disabling [1]. In reality, the majority of the outcomes that we achieve 
as burn surgeons are both functionally and aesthetically excellent. Poor outcomes 
do occur; however these almost exclusively follow the deepest and most extensive 
burn injuries. The outcome picture is complicated somewhat because certain burn 
aetiologies are destined to proffer poorer outcomes. One example is the injuries 
caused by high-voltage-driven electrical current conduction. Such insult is often 
associated with major limb amputations, which markedly diminish outcome, 
and this might be expected [2, 3]. However, even when comparing the scarring 
outcome from an identical aetiology, such as flame burns, the skin injury sustained 
in a house fire and affecting a high proportion of the total body surface area often 
generates significantly poorer outcomes than flame injuries from, for example, 
localised clothing ignition from being too close to a naked flame. This is despite the 
skin being damaged to the same depth in both scenarios. It could be surmised that 
the differences in the environment of the burn injury might result in additional 
injuries (such as smoke inhalation [4]), which will affect treatment course and even 
survival. However, if all other parameters are negated, extensive burns are associ-
ated with poorer scarring outcomes than small burns of the same depth caused by 
the same agent [5, 6]. The focus of this chapter is to elucidate why this is the case 
and to suggest strategies to improve scarring outcome, function and appearance in 
extensive deep burn injury.
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2. Wound healing: primary versus secondary healing

Before discussing burn injuries, the essential tenets of the process of wound heal-
ing must be understood by the reader in order to appreciate the strategies employed 
in managing burn injuries [7]. The essential components of wound healing occur 
in the dermis. This mesodermal derivative is incapable of regenerating molecular 
structure and undergoes instead a process of repair driven by the simultaneous 
deposition of (predominantly) Type III collagen by fibroblasts, and small blood ves-
sel angiogenesis, succeeding an inflammatory response secondary to vascular fluid 
and protein leakage into the interstitium surrounding the wound and the attraction 
of circulating polymorphonuclear neutrophils, lymphocytes and monocytes [8]. The 
dermal repair provides sufficient structure for re-epithelialisation from the approxi-
mated wound edges. The epidermis is ectodermal in origin, cellular in composition 
and capable of regeneration.

In primary wound healing, where the wound edges are in close proximity, hae-
mostasis is followed by inflammation and cellular wound debridement, and the 
dermal fibroblasts rapidly produce collagen to bridge the ‘narrow’ gap and restore 
resistance of the skin to external forces [9]. The ratio of collagens in the result-
ing repair (Type I:III = 1:3) is different than in uninjured skin (Type I:III = 3:1). 
Type III collagen is not cross-linked and thus has a greater volume than Type I 
collagen, so the scar is raised above the surrounding skin, and the proliferation 
of angiogenetic vessels gives it a red appearance. As the scar undergoes matura-
tion, the normal collagen ratio is re-established, the scar volume decreases, and 
the scar becomes flat, or even depressed, and vascular involution sees it change 
colour, becoming pale, and resulting in the typical final appearance of the 
incisional scar.

In secondary intention healing, there is considerable tissue loss, and the wound 
edges are very far apart. Delayed wound closure results. A prolonged inflam-
matory phase overlaps with excessive deposition of collagen and glycosamino-
glycans by dermal fibroblasts and circulating stem cells, accompanied by heavy 
vascular proliferation (granulation tissue formation) [10]. Polymorphonuclear 
leukocytes are present to phagocytose bacteria. Since edge epithelialisation can 
extend only about 5 mm across the wound, myofibroblast differentiation occurs, 
and these cells act to contract the wound edges to reduce the size in the wound 
bed to facilitate re-epithelialisation. This results in contracture and problematic 
scarring [11].

3. The importance of the depth of burn injury

In real terms, there are only two burn ‘depths’ (Figure 1). Most of the burn 
injuries seen for emergency assessment and treatment are, with optimal support 
and good wound management, superficial enough to heal spontaneously, quickly 
and with an excellent functional and cosmetic result. These are burns individually 
classified as epidermal, superficial partial thickness and mid-dermal, even though 
the treatment priorities for all are the same—the prevention of infection (which can 
deepen the injury) and the control of pain (which facilitates dressing changes, com-
pliance with therapy and mobilisation and hastens discharge) [12, 13]. Then there 
are those burns that are sufficiently deep to undergo prolonged healing by secondary 
intention (granulation tissue formation and wound contraction), often complicated 
by recurrent episodes of wound infection, resulting in ‘pathological’ scarring that 
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reduces, impairs or abolishes function and is hypertrophic, dysaesthetic and often 
symptomatic (causing itching and pain). It is this second group that contains those 
burns described clinically as ‘deep dermal’ and ‘full thickness’. The treatment prior-
ity in these burns is to abort the process of secondary intention healing and replace it, as 
closely as possible with primary intention healing.

3.1 Spontaneously healing burns

For the purposes of this chapter, it is enough to understand that those burns in 
that spontaneously healing group are sufficiently superficial that there is a volume 
of good viable residual dermal tissue in the burn bed as well as the survival of 
multiple nests of epidermal stem cells (keratinocyte progenitor cells) located in 
the invaginated sheathes of the adnexal structures (hair follicles, sweat glands and 
sebaceous glands) [14, 15]. These cells can differentiate into keratinocytes, prolifer-
ate and migrate across the viable dermis to effect rapid re-epithelialisation. The 
wound-healing phase of inflammation is thus curtailed (since re-epithelialisation 
stops further evaporative water loss from the wound surface, signalling that wound 
healing is complete) and the outcomes excellent, with expedited scar maturation 
leading to an almost invisible repair after a few months for the majority of patients. 
Figure 2 is a photograph of a mixed depth arm burn.

However, in common with all wounds, the phenotype of individual patients can 
proffer a predilection for substandard scarring, despite appropriate initial burn 
management. Individuals with a history of hypertrophic or keloid scarring, autoim-
mune or immunocompromised disorders and collagen or healing impairments may 
progress to suboptimal scarring [16]. It is for this reason that burn services have 

Figure 1. 
Flow chart indicating burn depth: the blue diagonal line represents the boundary between those burns with the 
ability to heal spontaneously (above the line) and those that will require surgical excision and reconstruction 
to facilitate healing (below the line) [12]. This method must be used within 24–36 h post-injury since burn 
wound exudation is required for depth determination.
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2. Wound healing: primary versus secondary healing
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Figure 2 is a photograph of a mixed depth arm burn.
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been an early adopter of the multidisciplinary approach, with an emphasis on scar 
management by occupational therapists and physiotherapists, once wound healing 
has been achieved [17]. Scar modulation techniques include pressure garments, 
topical silicone materials, massage, moisturising and steroid injection and will be 
further discussed in this chapter.

3.2 Deep dermal and full-thickness burns

A burn that is significantly deep enough to lack the capacity to heal quickly 
must undergo prolonged healing by secondary intention and result in pathological 
scarring [18], determined by a prolonged inflammatory phase and an abnormal 
proliferative phase. The resultant granulation of the wound bed followed by 
migration of myofibroblasts and contraction results in unstable scars. The epi-
dermis will only bridge 5 mm across a wound; therefore contraction is inevitable. 
Unstable and contracted scars are particularly problematic. Contracture across 
joints will result in reduced movement and function. Contractures of the skin of 
the head and neck can risk vision (via ectropion and corneal exposure, desicca-
tion and ulceration) and ability to feed (microstomia and lower lip contractures). 
The microtrauma that consistently causes fissures in the epidermis of the patho-
logical scar can result in recurrent episodes of infection, further inflammation 
and thus further scarring.

Figure 2. 
Illustrating burn depth: D is deep dermal, S/D superficial/deep junction. The S/D areas have a variable 
healing time that is dependent on patient and operative factors.

Figure 3. 
Meshed split skin graft to forearm 6 weeks post-grafting and demonstrating good healing.
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Since the natural history of secondary intention healing of deep burns results 
in suboptimal scarring, the goal of burn surgery is to abort this process in favour of 
early physiological wound closure and healing, followed by scar management and 
rehabilitation, in order to achieve the best functional outcome [19]. The traditional 
mainstay of this process is the split skin graft, harvested from non-burned skin, 
which may be meshed to different ratios to enable wider wound coverage. Figure 3 
shows a meshed SSG on the forearm 6 weeks following excision and grafting.

If early physiological closure is our goal, the importance of early and accurate 
assessment of burn depth is vital. Identification of deeper burn and initiation of 
early surgical intervention significantly improve function, aesthetic appearance and 
return for the patient to normal daily activity.

4. Size of the burn

Information regarding burn depth is complimented by knowledge of the size 
(surface area) of the burn. This is estimated as a percentage of the total body surface 
area injured (%TBSA) and is an essential factor in determining scar outcome. A small 
area of full-thickness burn can be reliably treated with early excision and immediate 
skin grafting. The inflammatory reaction to the burn is localised to the affected area; 
donor site for the split skin graft can be reliably taken from a non-cosmetic area. Large 
donor site availability even gives us options for better ‘colour-matching’ our skin 
graft! Early scar therapy can begin once the graft has taken and is robust.

However, as burn size increases, the challenges of treatment increase accordingly. 
Three burn-area percentages are considered important for burn surgeons: 20, 50 
and 80% TBSA. At 20% TBSA, intravenous fluid resuscitation is routinely initi-
ated, and the effect of the burn inflammatory response ceases to be localised to the 
burn area and has systemic consequences. The resultant fluid shifts and loss from 
the circulation are thus markedly more significant and, if untreated, result in burn 
shock with cardiac and renal consequences [20, 21]. At 50% TBSA, the burn area 
usually exceeds the available donor site area (since we do not harvest grafts from the 
unburned face, neck, palms of hands or soles of feet). Strategies for wound closure 
become important. At burn sizes just in excess of 50% TBSA, this might merely 
involve skin graft meshing at a higher ratio (say 1:3, rather than 1:1.5). At greater 
burn sizes, serial grafting may be necessary and should be planned to heal pivotal 
areas first (hands, face, neck, major joints, etc.). Additionally, dermal temporising 
materials are purchased (at great financial cost), and cultured skin equivalents 
(usually simply epidermal cells, keratinocytes; but occasionally composite cultured 
tissues) are prepared by those services capable of such technology. Basically, to facil-
itate skin closure for burns above 50% TBSA, almost all of the unburned skin must 
be harvested, often repeatedly. Since the dermal component of the skin graft donor 
site cannot undergo regeneration (and donor sites therefore being progressively 
‘thinner’ after each graft), we tend to take thinner split skin grafts (i.e. with less 
dermal component) to allow a greater number of graft harvests. The combination 
of being thinner and more widely meshed reduces functional and aesthetic outcome 
because such grafts contract more, and more rapidly, than thicker, less/unmeshed 
graft. Thus, the techniques involved guarantee that the patient with the biggest burn 
who really needs the best possible outcome to regain important components of their 
pre-injury existence survives with the poorest functional, aesthetic and symptom-
atic outcome possible and illustrates why skin burns of the same depth demonstrate 
poorer scarring outcomes as burn surface area increases. This is further complicated 
by the fact that these patients are at higher risk of multi-organ dysfunction [21].
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Finally, full-thickness burns ≥80% TBSA in adults often prove fatal. These 
overwhelming skin injuries leave very little or no unburned areas to allow even 
serial wound repair and are frequently accompanied by smoke inhalation and other 
co-injuries. Such injuries are classified as unsurvivable in the majority of burn units 
[22–24], receiving palliative, comfort care only prior to death. For patients who 
do survive these devastating injuries, long-term scarring issues are daunting, and 
return to useful function is extremely challenging.

5. Special anatomical areas of consideration

In addition to burn depth and size, burns (and subsequently scarring) to certain 
‘special’ areas of the body have the potential to be not only functionally disabling 
but also psychosocially disastrous, requiring immediate or early reconstruction.

5.1 Face, neck and hands

The face, neck and hands are areas of extreme functional and aesthetic 
importance. If reconstruction requires grafting, the best functional and cosmetic 
outcomes are generated by thicker, unmeshed (sheet) split skin grafts. In the 
patient with significant burns, this requires a large proportion of the available 
donor sites to cover relatively small surface area defects, whilst bigger areas 
are left un-grafted. Protecting the ocular globes and ensuring oral competence 
are important, but reconstruction of the eyelids and lips is challenging. In the 
non-burn, or small isolated burn situation, small full-thickness grafts or flaps 
are often used for such reconstructions, resources sadly lacking in the major burn 
patient. It is thus crucial during the management of facial burns to identify those 
areas capable of healing spontaneously, bearing in mind that the deeper adnexal 
structures in facial skin often allow even burns which appear deep to heal without 
intervention. The best course of action is often to allow the face to heal spontane-
ously as much as possible and then plan appropriate reconstruction for scarred 
areas [25, 26]. The neck is prioritised for early grafting not only for function but 
also to allow for tracheostomy placement as severely burned patients may require 
prolonged ICU stay and ventilation. Full-thickness burns on the dorsal aspect of 
the hands are grafted to allow early mobilisation and return to function, and early 
intervention by occupational and physiotherapists will improve outcome [27]. 
A good result for the hand dorsum is important since these scars are constantly 
in the field of vision and poor results are associated with post-injury depression. 
The glabrous skin on the palm and areas of partial thickness burn are routinely 
allowed a ‘trial of life’ to allow preservation of this highly specialised skin [28].

5.2 Joints

Split thickness skin graft heal with a variable degree of secondary contraction 
dependant on their thickness. When a graft is placed over a joint, in particular the 
elbow and knee, the effect of contracture is reduced range of movement and scar 
instability. This contracture is much less significant than if the burn had been left 
to heal by secondary intention, but subsequent scar management requires intensive 
occupational therapy and physiotherapy to regain and maintain range of motion. 
Contractures are more likely to occur in the more severe burns, those caused by 
flame and those in children and females, and burns affecting the neck skin (due to 
the presence of the platysma) and the upper limb. The prevalence at discharge has 
been reported as 38–54% [18].
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6. Scarring issues peculiar to burns

Burn healing can result in hypertrophic scarring, with functional disability and 
debilitating symptoms including dysaethesia, pain and itch. It is estimated that up 
to 70% of burn patients will have some evidence of scar hypertrophy [29].

In addition to optimal surgical management, scar modulation measures include 
reducing tension across the scar, the provision of taping, hydration and ultravio-
let (UV) protection of early scar tissue. Silicone sheeting, or gel, is universally 
considered as the first-line prophylactic and treatment option for hypertrophic or 
keloid scars. The efficacy and safety of this gold-standard, non-invasive therapy 
have been demonstrated in many clinical studies [30]. Hypertrophy is managed 
by aggressive scar modulation including pressure garments, silicone therapy and 
moisturising and massage. These interventions are all proven to be beneficial 
although the exact mechanisms remain to be elucidated [31]. Pressure garments 
may be indicated for more widespread scarring associated with burn. Both pressure 
garments and silicone therapy can be referred to as scar modulation. Massage and 
moisturising are often described as ‘softening’ scars, most likely due to the reori-
entation of collagen fibres. An ideal moisturiser should be one that is conducive 
to scar maturation, is non- or minimally irritant, prevents skin drying, minimises 
trans-epidermal water loss and has no negative effect on barrier function [32].

The symptomatic manifestations of suboptimal scarring are particularly dif-
ficult to manage, particularly pain and itch, which are often interlinked and not 
uncommon [33]. Intractable itch is challenging as the symptoms are subjective and 
the treatment is multimodal with no ‘magic bullet’ to prevent or ameliorate it.

Pain control and analgesia is vitally important, particularly during dressing 
changes, and pharmacological management facilitated by experts in pain medicine 
is essential. Pain control is also essential in order to deliver effective rehabilitation.

Newer therapies, such as music therapy and virtual reality distraction, are useful 
adjuncts to clinical psychology input which provides insight into a patient’s reaction 
to and ability to cope with pain [34, 35].

7. Shifting the paradigm

The case for early total excision has been demonstrated in the literature [36, 
37], and temporary wound closure is necessary due to lack of donor sites; it is in 
this area that skin substitutes have been developed to facilitate wound coverage. 
Cadaver allograft skin has been used extensively as a ‘passive’ temporiser (holding 
the wound bed without improving its quality), but access to, and availability of, this 
resource are highly variable [38].

The dermal matrix strategy sought to redress some of these issues [39]. 
Scaffolds of varying composition have been employed as ‘active’ temporisers, 
allowing autologous tissue ingrowth to form a ‘neo-dermis’ which improves the 
wound bed for subsequent definitive closure. Such dermal matrices have histori-
cally been a combination of synthetic and biological materials (e.g. Integra® 
Dermal Regeneration Template consists of a network of cross-linked, bovine Type 
I collagen supported by shark fin-derived chondroitin-6-sulphate glycosamino-
glycan (GAG), physiologically closed with a bonded silicone pseudo-epidermis) 
[40]. The biological aspect can cause issues as burn patients are frequently immu-
nocompromised and rapidly become bacterially colonised, and these biological 
components have neither intrinsic antimicrobial properties nor are sufficiently 
rapidly neovascularised to be afforded the innate immune protection provided by a 
blood supply. As a result, they may be susceptible to infection [41]. The production 
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of these materials is also complex and time-consuming, making such materials 
costly. However, the use of Integra® and similar materials has been pivotal in saving 
life and improving outcome over several decades [40].

Since the scaffold supports ingrowth into the spaces within it, it can be argued 
that it can be composed of any biodegradable material as long as it is biocompat-
ible, bio-tolerated and safe (not cytotoxic, carcinogenic or teratogenic). The 
development of a completely synthetic biodegradable temporising matrix (BTM) 
developed from a biodegradable polyurethane is proof in point. BTM is implanted 
into the wound created after burn excision and integrates by facilitating fibroblast 
invasion, collagen deposition and neovascular ingrowth to also form a neo-dermal 
analogue [42–45]. This takes between 3 and 9 weeks, dependant on the quality 
of the wound bed. The bonded, non-biodegradable polyurethane outer ‘seal’ (or 
pseudo-epidermis, since it prevents evaporative water loss) ensures the wound is 
physiologically ‘closed’.

The integration period allows for initial stabilisation and improvement in physio-
logical status prior to administering insults such as skin graft harvesting. In all cases, 
the patient is off the ICU before skin grafting commences. The improved neo-dermal 
wound bed receives graft more readily, with negligible graft loss, and with a signifi-
cantly reduced mesh pattern where meshed graft has been employed [46–48]. This 
phenomenon has also been observed with collagen-based matrices [40].

The aim of burn reconstruction, in common with all aspects of plastic surgery, 
is to replace ‘like with like’, and, as such, the standard treatment of excised burns 
has been the split skin graft (despite the fact that the autograft is a long way from 
replacing what has been lost!). The major hindrance to this approach is the lack 
of donor site, the necessity to serially re-harvest donor sites and the resultant 
suboptimal scarring from using thin, widely meshed autograft. The future of burn 
surgery lies in creating composite tissue from the patients’ own skin cells, or stem 
cell progenitors, as a means to abolish the need for extensive donor sites [49]. The 
preparation of composite tissues takes several weeks, and thus the use of ‘active’ 
temporising skin substitutes is a fundamental first step.

Cultured skin, like autograft, has the advantage of being ‘self ’ and thus accepted 
immunologically by the patient, as long as the carrier for the cell culture is immuno-
logically inert [50].

8. Late scar management

Scars can take up to 24 months to mature fully. This is a window during which 
scar modulation can be effective and should persist in some form throughout 
this period. However, if a scar is significantly problematic (in terms of function, 
aesthetics or intolerable symptoms), early surgical scar revision may be necessary.

Scar revision can be broadly divided into three groups: scar resurfacing, scar 
excision or scar lengthening/reorientation. Scar resurfacing modalities include 
dermabrasion, microneedling and laser therapy. Depending on scar size, its 
excision can be followed by direct closure, split or full-thickness skin grafting, 
local flaps, free tissue transfer or a combination of dermal matrix and graft. Scar 
lengthening often involves incising the scar and reorientating the scar banding, 
usually by geometrically designed local flaps. The main reasons for performing 
scar revision are to resurface unstable scarring, improve movement at joints or to 
improve cosmesis [51].

However, it is the senior author’s opinion that the requirement for secondary 
scar revision is lessened if the appropriate primary reconstruction is performed in a 
timely manner combined with early adjunctive scar management therapy.
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9. Conclusion

In summary, the important tenets for the optimal management of burn scarring 
include:

• Accurate burn depth and burn size assessment

• Immediate/early burn eschar excision and rapid wound closure with either 
immediate skin grafting or staged with temporising skin substitutes plus skin 
grafting and/or cultured skin

• Peculiar consideration for burns affecting the special areas: face and neck, hands 
and joints

• Immediate scar management and mobilisation utilising therapists

• Later scar management including resurfacing and excision.
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Chapter 3

The Specificities of Electrical Burn 
Healing
Iyadh Ghorbel, Slim Moalla, Amal Abid, Amir Karra and 
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Abstract

Electrical burns are a major cause of bodily harm due to the mechanism and effect 
of the lesions. This prompts us to study these lesions and their management in order to 
reduce the morbidity caused by this type of accident. In the event of an electric chock 
accident, the treatment is medico-surgical and is composed of two main phases: acute 
phase when general treatment is essential and subacute phase when local treatment is 
implemented. The study shows that conventional emergency decompression does not 
appear to reduce the amputation rate, the use of local and locoregional flaps in the initial 
phase (<21 days) carries a significant risk of suffering and necrosis, and also antithrom-
botic prevention or the use of flaps does not seem to have an impact on healing delays.

Keywords: burns, electrical, fasciotomy, antithrombotic, flap, healing time

1. Introduction

Electric burns are known for its devastating effects, leading to significant morbid-
ity and mortality, especially as it often affects young adults of working age [1–7]. The 
lesions are often due to direct contact with the current, which during its passage through 
the body will cause tissue damage of varying severity depending on the voltage, the 
exposure time, and the tissue resistance [3, 8]. Low voltage burns (<1000 V) often cause 
local lesions, whereas high voltage burns (>1000 V) lead to extensive destruction of 
deep structures and systemic effects [9]. Advances in medical resuscitation have made 
it possible to increase the survival rate of electrified patients. However, the surgical 
management of electrical burns is controversial. Opinions are still discussed between 
early and wide excision with immediate reconstruction and late iterative excision and 
subsequent reconstruction based on several plastic surgery procedures [10].

2. Injury mechanism

2.1 The characteristics of electricity

The electric current is defined by:

1. Its intensity that corresponds to the electric charge carried by the electrons 
crossing a section of circuit during a second. It is measured in amperes 
denoted as A
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2. Its voltage that corresponds to the circulation of the electric field along an 
electrical circuit measured in volts and denoted as V.

The injuries induced by the electric current thus depend on the voltage, the 
intensity, the contact time (T), and the resistance encountered expressed in R.

Four main mechanisms are evoked before any electric shock accident:

1. Depolarization lesions: they are due to the direct action of the current on the 
human cell whatever its type. It can induce a direct lesion of the nervous, car-
diac, or muscular cells, which can cause cardio-respiratory arrest. In this case, 
we speak of an electrocution accident. The depolarization effect is a function 
of the current intensity.

2. Heat-induced lesions: produced by the passage of the current according to the 
resistance of the tissues governed by the Joule law: J = I2.R.t or U.I.R.t.
Thus, the higher the tissue resistance is, the more heat will be emitted and the 
more serious the lesions will be. Note that fluid environments, nerves, blood, 
and vessels are low resistance tissues that emit little heat during the passage 
of electric current and lesions will be minimal. However, the skin (mainly the 
stratum corneum) and the bone tissues are of high resistance and emit a lot 
of heat, which will cause lesions in the tissue cells in addition to a devastating 
action on the surrounding tissues like the muscles [11].
On the other hand, depending on the voltage, we can distinguish two types of 
lesions:
Low voltage burns, when the voltage is less than 1000 V. In this case, the lesions 
are often less serious but where the intensity can sometimes cause significant 
lesions.

• High voltage burns, when the voltage is over 1000 V. In this case, the lesions 
are most often serious.

• Finally, the contact time contributes to the severity of the lesions: the longer 
it is prolonged, the more serious the lesions will be.

3. Electric flash: these are thermal burns that can be observed during an electric 
shock accident and are secondary to the spark that can occur during contact 
with the electricity [11, 12]

4. Electric arc: it is a rare phenomenon but which must not be neglected. Thus in 
some cases when the voltage is very high, there can be an attack without direct 
contact with the current. The electric jump distance is 2–3 m per 10,000 V [11]. 
This high voltage generated remotely can cause real skin and muscle damage. It 
has been calculated that the heat produced can vary from 2000 to 20,000°C [11].

2.2 Anatomopathology

In front of an electric burn, practitioner has always to look for the entry point 
and the exit point, which will make it possible to imagine the path of the current 
and thus evaluate the severity of the damage and lesions.

The skin is the first organ affected, and then the current follows through vari-
able and unpredictable paths depending on the degree of resistance encountered. 
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Finally, it will go out of the body through the skin at a zone in contact with the 
ground or another external element.

At the entry point is a marble colored or whitish area, charred, insensitive and 
does not bleed when scarification is done (Figure 1). Its size is very small in area 
ranging from a few millimeters to centimeters. The most serious damage is deep. 
In fact under a dry skin, a high voltage current can generate a heat of more than 
1000°C [11]. At the exit point, there is a small area of white and gray necrosis.

The hands and the feet constitute, respectively, the sites of predilections of 
entry and the exit of the electricity. The dominant side is most often reached during 
electrical burns [13–15]. Moreover, in the electric burn, the cutaneous lesion is not 
the accurate reflection of the extent of the underlying lesions related to the passage 
of the current. Burnt body surface is often small with percentages not exceeding 
20% [16, 17].

The different tissues and organs can undergo lesions of variable severity that 
may be due to the direct action of electricity on the human cell or indirect by the 
effect of heat released depending on the tissue resistance.

On the other hand, the lesions can be giving extensive necrosis of the tissues, 
immediately or in the upcoming days as a result of the complications caused by the 
passage of the current such that:

1. The progressive devascularization of muscles and skin by thrombosis due to 
the direct action of the current on the vascular wall [18, 19] more or less associ-
ated with hypercoagulability.

2. Compartment syndrome: increase of the intra compartmental 
pressure > 28 mmHg.

3. Multi-resistant bacterial infections aggravating the lesions.

3. Epidemiological profile

Most series have reported an average age of 30.2 years [3, 12, 20, 21]. The preva-
lence of injury in the third decade may be due to occupation [12, 22, 23]. Mashreky 
et al. [21] have shown that the relative risk of having an electric burn is higher in 
men than in women. According to Dega et al. [24], 91% of electric burn victims 
are manual workers. In addition, the lesion most often affects the upper part of the 
trunk and the upper limb.

Most frequently, it is a domestic accident [21, 22, 25]. This is often due to inex-
cusable negligence of security measures [21]. Many authors [2, 10, 21] reported the 
association of household accidents with low-voltage burns, while work and public 
road accidents are linked with high-voltage burns.

Figure 1. 
Entry point in fingers. Exit point in toes.
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4. Patient management

In the event of an electric chock accident, the treatment is medico-surgical and 
is composed of two main phases.

4.1 Acute phase

4.1.1 General treatment

The patient must be conditioned and a solute infusion must be started. It is 
necessary first of all to eliminate a lesion which can be lethal: essentially cardiac 
depolarization disorders as it can lead to cardiac arrest (electrocution) and/or head 
trauma by falling from height or projection during electrification accident. In the 
case of polytrauma, a body scan must be performed urgently.

About 10–20% of patients arriving at hospital show electrocardiographic dis-
turbances such as supraventricular tachycardia (SVT), right bundle-branch block, 
arrhythmia, and nonspecific ST segment disturbances at the ECG [11]. On the other 
hand, the electrified patient is vulnerable to having a myocardial infarction given 
the lesions created by the current at the level of the vessel wall and the formation 
of thrombosis. The dosage of cardiac enzymes (troponin) must be systematic and 
recontrolled. Thus, most authors agree on the need to introduce initial heparin 
therapy, in order to minimize these thromboembolic risks [26].

An evaluation of renal function by serum creatinine determination and hourly 
diuresis monitoring as well as the determination of muscle enzymes (CPK and LDH) 
can detect possible acute functional or organic renal failure by tubular necrosis [7].

4.1.2 Local treatment

In electric shock accidents, depending on the series, 9.2–54% of the victims may 
require the urgent realization of a fasciotomy and/or escharotomy [10, 16, 27]. This 
could be explained by the localization of the entry wound as well as the aggressive-
ness of the electric passage.

The realization of a fasciotomy in emergency is guided by the presence or not of 
a compartment syndrome and the monitoring of the intra-compartmental pressure 
which must not exceed 28 mmHg. Fasciotomy timing (immediate or secondary) 
and technique (total or selective) are subject to controversy. Previously, it was 
recommended to perform systematically a total fasciotomy in front of any electrical 
burn of the limbs. Recent studies, however, advocate selective and nonimmediate 
decompression to preserve the tissues and reduce the rate of amputations [10].

Moreover, during electrical burns, 20–30% of patients undergo amputation 
[16, 20, 24] with a statistically significant relationship between “the type of volt-
age and amputation” and “the high voltage and the comorbidity“ [16, 28, 29]. It 
is often an amputation of a limb or limb segment [29]. It is necessary to respect 
the rules of amputation (suitable level, burial of the nerves) and a stump of good 
quality guaranteeing an adequate prosthesis without complications (Figure 2). 
Amputation is rarely done urgently, except in case of irreversible distal ischemia or 
massive necrosis by direct attack with hemodynamic repercussions that can be life 
threatening.

4.2 Subacute phase

Once the hemodynamic state is stabilized and the critical course is surpassed, 
the management is focused on the prevention of any complications and their 
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treatment, and on the healing of various lesions, modality and deadlines remain 
controversial.

Some authors believe that tissue damage is fully established immediately and 
that there is no change in necrosis and thus advocates early and wide excision with 
immediate free flap reconstruction [10, 13, 25]. This attitude reduces the rate of 
infectious complications, the time to heal, and the length of hospital stay [30].

Other authors believe that the damage is done in two stages in which the initial 
trauma is followed by progressive tissue necrosis essentially at the level of the deep 
muscular compartments [3, 10, 14], and thus that the evolutionary nature of these 
lesions requires iterative debridement with secondary reconstruction [31, 32].

In our practice, the first excision is performed on an average of 8 days after 
burns. Reconstruction will be immediate by autoplasty if there is exposure of bone, 
joint, nerve, or vascular element [7].

4.2.1 Healing modalities

Healing by secondary intention is the method of choice for many authors [11, 
16]. The use of flaps, especially free flaps, is frequent compared to other etiologies 
of burns [20] and this which aims reducing morbidity. However, their vitality can 
be disrupted which questions the optimal moment of the reconstruction.

During the primary phase, the risk of necrosis is amplified and can reach up to 
24% according to Sauerbier et al. [10, 33]. This phase has been described as a phase 
of vulnerability that lasts about 21 days and during which there is vascular instabil-
ity that can compromise the vitality of the flap [10, 34]. Therefore, it is recom-
mended to use the flap as far as possible from the electrified area [18] such as the 
groin flap and the latissimus dorsi flap [10].

Regional and local flaps are often used as an excellent means of coverage with 
lower morbidity and a similar success rate to free flaps [7, 24]. Moreover, the free 
flaps are used secondarily in case of necrosis or immediately in case of a large skin 
defect. We recommend using autoplasty during the secondary phase after delimita-
tion of necrosis and stability of vascular lesions (Figure 3).

Perforator pedicled flaps are an important tool for reconstruction especially in 
small and average size skin defects. This kind of flaps permits “like by like” recon-
struction using microsurgical nonmicrovascular flaps [35]. The main advantages 
of these flaps could be summarized as: no microsurgical sutures, no main vascular 
pedicles sacrifice, same surgical field, and shorter hospitalization time (Figure 4).

In deep burns with complete destruction of the dermis, the use of definitive skin 
substitutes (artificial dermis) aims at reconstructing a neodermis, in particular at the 
level of the functional zones, but it can also be used at limited tendon or osteoarticu-
lar exposures, subject to a well vascularized environment [31]. However, given their 
considerable cost, their use remains limited to burn centers that have such means.

The use of the vacuum-assisted closure (VAC) therapy after debridement has 
been described by some authors [36–38] who reported that this technique can 

Figure 2. 
Hand necrosis. Amputation.
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Figure 4. 
High voltage electric burn. Radial artery perforator flap for the left upper limb. Right upper limb amputation.

reduce the frequency of dressing changes and the exposure time. The application of 
a VAC system requires that the debridement phase should be completed. It acceler-
ates the granulation phase and shortens the duration of hospitalization. In addition, 
we preserve this technique with deep and small skin defects (Figure 5).

Figure 3. 
Low voltage electric burn. Necrosis of the fifth finger. Excision 6 days after burn. Immediate coverage by local 
flap. Partial necrosis of the flap. Groin flap.
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4.2.2 Healing time

The healing time does not depend on the total burn surface area (TBSA) or the 
healing modality (second intention or first intention). In our practice, it was found 
that, first, most patients who had flap cover healed beyond 1 month, and second, 
the flap cover in electrical burns, and despite its efficient functional and esthetic 
results, it prolongs the healing time. This is largely related to the severity of the 
initial lesions, lesions localization (joints and periorificial area), terrain, and infec-
tious complications [7].

Figure 5. 
High voltage electric burn. Excision 7 days after burn with osteoarticular exposition. Use of sural flap, 
vacuum-assisted closure therapy and skin grafting.
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reduce the frequency of dressing changes and the exposure time. The application of 
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Low voltage electric burn. Necrosis of the fifth finger. Excision 6 days after burn. Immediate coverage by local 
flap. Partial necrosis of the flap. Groin flap.
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The mean healing time in our series was 48.91 ± 23.16 days with a median of 
45 days [7]. However, most series reports the time of hospitalization during electric 
burns [2, 3, 39] which is 53.43 ± 31.73 days according to Lipovy et al. According to 
us, we think that the management of a burnt, electrical, or other, is not reduced to 
the period of hospitalization but extends to the healing of the various lesions. In 
most cases, this cannot be done entirely in hospital and, thus, many patients benefit 
from an external follow-up phase.

Most authors admit that high-voltage electrical burns heal late, compared with 
low-voltage burns, given the large amount of energy emitted by the tissue and the 
depth of the lesions [3].

However, there was no statistically significant relationship between the type 
of voltage and healing time or between the introduction of preventive, anti-
thrombotic therapy, and the healing time. This can be explained by the small 
number of our patients’ sample. In addition, as a specialized service, there has 
been a selection bias in our series since hospitalized patients are those with the 
most severe lesions even with low voltage current and require sophisticated heal-
ing processes [7].

4.3 Sequela

The majority of patients who have suffered an electric shock accident have more 
or less disabling sequela [20, 24, 40]. In fact, the voltage would predict neither the 
rate of the return to work nor the rate of neuropsychiatric sequela, and that the 
patients evolve in the same way in terms of sequela independently of the voltage of 
the causal current [41].

4.3.1 Cutaneous sequela

They are often described as keloid and hypertrophic scars, dyschromia, and skin 
retractions [7, 40]. In the initial phase, the treatment is medical (pressotherapy and 
silicone gel). Surgery will only be indicated after scar maturation except in cases of 
major functional repercussions.

4.3.2 Neurological sequela

Peripheral post-burn neurologic sequela are well documented nowadays and are 
both troublesome and disabling sequela for patients who have suffered from electri-
cal burns [8, 24, 40, 42].

These sequela ranges from simple paresis with sensitivity disorder to total 
paralysis. They may appear early or late [43]. In all cases, it is necessary to wait for 
the delay of 1 year before drawing up the definitive state.

4.3.3 Osteoarticular sequela

The rate of osteoarticular sequela is around 30% according to most series [7, 24, 40]. 
In addition to the more or less extensive amputations, joint stiffness, dysplasia, and 
ankylosis can also be described.

4.4 Socio-economic impact

Electrical burns, whether high or low voltage, can have a significant socio- 
economic impact due to absenteeism and inability to work [41]. However, a compar-
ative study showed that although electric burn patients remained more in hospital 
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and had a higher rate of amputations, there was no difference in terms of return to 
work compared to thermal burns [44].

4.5 Psychological impact

Psychological impacts following an electrical burn are not as rare as one might 
think and add psychological morbidity associated with physical morbidity in 
these patients. Psychiatric morbidity is present in 28–78% of burns. However, the 
type of voltage and the initial pain do not appear to be related to psychological 
sequela [8, 43, 45].

5. Conclusion

Electrical burns are serious trauma that should be properly managed to avoid 
serious functional and life-threatening consequences. However, this management 
continues to be hampered by the lack of established guidelines unifying treatment 
and improving the prognosis.
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Chapter 4

Endometriosis of Postoperative 
Scar
Andrei Plotski

Abstract

Endometriosis is seen in women during their reproductive age, where func-
tional endometrial glands of the uterus and stromal component are observed out-
side the uterine cavity. Endometriosis in an operative scar is a rare event following 
mainly obstetric and gynecologic operation. Typical signs of scar endometriosis 
are cyclic pain and swelling tumor in the scar after obstetric or gynecologic opera-
tions. We present 24 cases of scar endometriosis with discussion and emphasis 
on variants of clinical signs, differential diagnostic, methods of treatment, and 
prevention.

Keywords: endometriosis, scar, laparotomy, incision, cesarean section

1. Introduction

Endometriosis is one of the most common diseases of the female genital tract. 
This pathology is characterized by the presence of the endometrial tissue outside 
the place of its usual localization. Commonly, in gynecological practice, we have 
to face pelvic endometriosis; however, extragenital endometriosis is described 
in different organs and body systems, including the intestines, urinary tract, 
thorax, umbilicus, etc. It is very difficult to establish the real frequency of extra-
genital endometriosis [1]. This is due to different approaches to accounting of 
the disease, treatment of patients in a variety of clinics, and underestimating of 
non-severe clinical signs. Among locations of endometriosis in the urinary tract, 
the lesion of the bladder is dominant, and in the gastrointestinal tract, lesions 
of the rectum and sigmoid colon [1]. Affection of the lungs occurs significantly 
rare. Endometriosis in a postoperative scar is a secondary process in scars after 
surgical procedures affecting the endometrium: cesarean section, hysterectomy, 
amniocentesis, etc. Nevertheless scar endometriosis occurs also after general 
surgery—appendectomy, cholecystectomy, and correction of hernias [2]. The 
term “endometrioma” is used for well-marked tumor-like lesions [3]. However, 
there may be a situation characterized by a typical clinic of endometriosis in the 
absence of a clearly defined lesion, and this makes diagnosis difficult. Its clini-
cal diagnosis is confused with abscess, hematoma, suture granuloma, desmoid 
tumor, sarcoma, etc. Incidence rates for endometrioma associated with cesarean 
section have been reported to be 0.01–4% [3]. The incidence of endometrioma 
in episiotomy scars is much less than in abdominal wall scars. In this study we 
present 24 cases of endometriomas appearing after cesarean section, laparoscopic 
cystectomy, and perineal incision.
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2. Case reports and discussion

We present 24 cases of scar endometriosis that we observed since 2003 till 
2018. Mean age of patients was 29 years, in the range of 25–33.5 years. Twenty-two 
patients have previously undergone cesarean section, five of them were operated 
twice. Cesarean section was performed 5 (range 4–7) years ago. Clinical signs 
appeared during 1–3 years after the last cesarean section. More than half of the 
patients initially seek care from general surgeons and only after the examination 
were sent to a gynecologist. One patient suffers from endometriosis of postopera-
tive scar after perineorrhaphy performed 23 years ago, and the last patient presents 
lesion in the region of left lateral trocar tract after removal of endometrioid ovarian 
cyst 6 months ago. It is interesting that 12 patients believed that the cause of their 
suffering was a non-gynecological disease, so they initially claimed to a general 
surgeon.

All patients after previous cesarean section presented painful tumor of a scar; 
palpable sizes of lesion were 45 (range 35–55) mm. Sometimes the lesion rises above 
the skin, but usually it is palpable deep in the tissue. The degree of pain increased 
during menses, and tumors became more swollen at that time—but only in 50% 
cases. Another 50% of patients suffered only from the presence of swelling in the 
area of the postoperative scar with moderate pain that was not associated with 
the menstrual cycle. One patient presented fistula in the angle of a scar with dark 
brown discharges during menstruation (Figure 1).

Endometriosis in the region of the perineum developed in a patient after 
childbirth for 14 years. She obtained medical care only after a slowly increasing 
lesion began to cause discomfort during sexual activity and walking. It was an 
unmovable swelling, 5–4–4 cm in sizes, almost woody in consistency. The moderate 
pain syndrome was not of a cyclical nature. Initially we suspected the pathology 
of Bartholin’s gland, but later we were inclined to think about postoperative scar 
endometriosis. It should be noted that none of the patients examined by us had a 
history of genital endometriosis, although according to the literature this may be 
one in every fourth case [1].

All patients have undergone physical examination with obligatory ultrasound 
of postoperative scar for visualization of endometrioma (Figure 2). On ultrasound 
examination in all cases, we revealed hypoechoic nodules with irregular borders 
(Figure 3). Palpable tumors may have oval or irregular shape with or without clear 
marked boundaries. Internal structure was homogeneous only in one case; in oth-
ers, tumors demonstrated different combinations of low echogenicity, hyperechoic 

Figure 1. 
Cutaneous endometrioid fistula.
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inclusions, and anechoic cavities. All lesions were determined by good vasculariza-
tion. It should be noted that in almost all cases the size of the structures on ultra-
sound was significantly less than palpable. It can be explained by the presence of 
perifocal inflammation.

All patients have undergone excision of tumors under general anesthesia with 
subsequent histological examination of the removed tissues (Figure 4). In 19 cases 
lesions were bordered by aponeurosis, muscles were intact, and wounds were 
sutured in layers.

Macroscopically excised structures usually were presented as a dense-consis-
tency tissue with well-marked brown spots after incision (Figure 5) or without 
it (Figure 6). In three cases after operation, seroma with subfebrile temperature 
was formed; it was treated with antibiotics, aspiration drainage, and compressive 
bandage. Lesions were healed by secondary intension.

Figure 2. 
Ultrasound image of endometrioma.

Figure 3. 
Irregular borders of endometrioma.
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The last three cases were not ordinary because lesions extended down to the sub-
peritoneal layer and even to the peritoneal cavity. Localization of tumor in subperi-
toneal space was confirmed by MRI because the palpation data and the ultrasound 
results were doubtful in spite of typical “endometrioid” complains (Figure 7).

The patient suffered also from bilateral ovarian cysts (not endometrioid!) and 
has undergone laparoscopic cystectomy. And during the operation, we could visual-
ize an endometrioid tumor located subperitoneally (Figure 8).

In two cases we have to perform laparotomy after excision of endometrioid 
lesion due to its spread to the abdominal cavity. In the first case, we removed 
tumor, observed pelvic cavity, found no signs of pelvic endometriosis, and repaired 
surgical wound. In the second case, tumor also spread to the abdominal cavity and 
connected with the low segment of the uterus. During excision we diagnosed injury 
of the posterior wall of the urinary bladder. The trauma of the urinary bladder was 
sutured by a urologist, Foley’s catheter was inserted for 8 days, and wound was 
repaired. In this case we also revealed no evidence of pelvic endometriosis [4].

Excision of mass after perineorrhaphy was technically difficult due to woody 
consistency and severe adhesions with surrounding tissues.

Histological examination of the removed tissues revealed the presence of 
endometriosis in all cases except one. Endometrial tissue was in various proportions 

Figure 4. 
Removal of endometrioma.

Figure 5. 
Endometrioma after incision with brown spots.

45

Endometriosis of Postoperative Scar
DOI: http://dx.doi.org/10.5772/intechopen.88246

with fibrous and fat tissues, even with suppuration of endometrial structures (after 
excision of lesion in the perineal region).

In all the cases, no recurrence was detected during the follow-up (1–12 years) 
except one—but it should not be considered as a recurrence, as the lesion appeared 
on the other side of the postoperative scar.

The final case was more interesting. As mentioned before, a 50-year-old patient 
was operated 6 months ago—bilateral adnexectomy by laparoscopic approach was 
performed due to endometrioid ovary cysts from both sides. Five months later the 
patient found the swelling painful mass in the region of the left trocar tract. Pain 
gradually increased, and slight redness of the skin appeared above the palpable 
tumor (Figure 9).

Adenocarcinoma was defined by histological examination after excision of 
tumor. We suppose that adenocarcinoma probably took place at the moment of the 
first laparoscopic operation in some parts of a cyst but was not revealed, so it was 
possible to develop into malignant tumor in trocar wound (we found out that the 

Figure 6. 
Chocolate endometrioma.

Figure 7. 
MRI scan of endometrioma (black arrows).
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extraction of a cyst from the abdominal cavity was performed without using special 
containers). From the other side, it is difficult to exclude endometrial transfor-
mation in a malignant tumor [5]. Later the patient underwent several courses of 
chemotherapy.

Some theories have been put forward to explain the pathogenesis of endometrio-
sis, such as lymphatic or hematogenous dissemination, coelomic metaplasia, and 
cell immunity change theory. The most prominent theory is that reflux of endome-
trial cells through the tubes into the peritoneal cavity during menstruation leads 
to pelvic endometriosis [2]. The viability and growth potential of desquamated 
menstrual endometrium have been demonstrated [6]. The metaplasia theory states 
that endometrioma arises due to metaplasia of pluripotential mesenchymal cells [3]. 
The transport theory suggests that endometrial cells may be transported to distant 
location, forming endometriomas during surgical procedures. The cause of surgical 
scar endometriosis is believed to be iatrogenic transplantation of the endometrium 
to the surgical wound. Evolution of knowledge about scar endometriosis is rather 
interesting. Review of the early literature shows a high association of abdominal 
scar endometriosis with a previous ventrofixation operation [7]. Then the operation 
of hysterotomy for termination of early pregnancy has been increasingly associ-
ated with this condition [6], and it was shown that early pregnancy endometrium 
was easier to transplant than the term pregnancy endometrium. In our study, one 
patient also was after termination of pregnancy by cesarean section at 18 weeks 

Figure 8. 
Laparoscopic view of subperitoneal endometrioma.

Figure 9. 
View of “endometrioma” in the region of the trocar tract.
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due to severe portal hypertension. In recent years, both genetic predisposition to 
endometriosis and the role of epigenetic factors are also actively discussed [8].

Nowadays, increasing of cesarean delivery—the main reason of abdominal scar 
endometriosis. Anyway, any operation on the uterus—it does not matter either 
ventrofixation or cesarean section—may lead to scar endometriosis due to the 
phenomenal viability of the endometrium [6, 7].

Endometriosis of postoperative scar can develop both after surgery performed 
by laparotomic approach and after laparoscopy in the area of the trocar opening, 
as well as in the perineal region after its incision during childbirth. Regardless of 
the type of intervention, the crucial point is that the endometrium implants on the 
wound surface and develops after it. Therefore, postoperative scar endometriosis 
is an example of iatrogenic endometrial transplantation to the wound surface. It is 
the transplantation theory which explains the appearance of the endometrium in 
the area of postoperative scar after non-gynecological operations—appendectomy, 
cholecystectomy, etc. In these cases, the operation is performed either during or 
immediately after menstruation, when the presence of the endometrium in the 
abdominal cavity is possibly as a result of reflux of endometrial cells through the 
fallopian tubes.

Despite the ectopic location, endometrial tissue is able to respond to hor-
monal effects, thereby causing clinical signs of disease. Endometriosis of postop-
erative scar is a typical example of extragenital endometriosis. But endometriosis 
of the postoperative scar is not only damage to the skin. In this situation, it is 
necessary to discuss the lesion of all tissues that were affected during surgical 
interventions.

The most common presenting symptom of endometrioma in a scar is a palpable 
mass associated with cyclic pain and swelling during menses [2]. Sometimes 
endometriomas may be multiple. Endometrial implants behave like normal endo-
metrium in their response to hormones. Ovarian hormonal action on ectopic endo-
metrial cells during menstrual period causes slight bleeding at the scar location with 
an inflammatory reaction and subsequent tissue repair. Thus, as each menstrual 
cycle goes by, the lesion increases in sizes, and this increasing might compromise 
the skin, subcutaneous cellular tissue, aponeurosis, and peritoneum. We observed 
these events in three of 19 cases. Also we consider that inflammatory changes of 
endometrial mass resulted in injuring the urinary bladder during excision.

If the symptoms are cyclic in the woman with a prior history of surgery on the 
uterus, then endometriosis should be the most likely consideration. It is practically 
pathognomonic. There is no need for advanced propaedeutics, and the diagnosis 
may be based on anamnesis and physical examination. Some authors describe 
a characteristic triad of periodic pain, tumor, and history of cesarean section 
[9]. When the patient complains are not cyclical, clinical diagnosis is impaired. 
Noncyclical symptoms are observed in 25–45% of patients with scar endometriosis. 
An association between scar endometriosis and pelvic endometriosis is possible 
to find in one quarter of the cases [9], but in our study we found none. The dif-
ferential diagnosis of a mass in a scar includes keloid formation, suture granuloma 
(Figure 10), hematomas, abscess, desmoid tumor, postoperative hernia, lipoma, 
cyst, or even strange body.

It is also possible to face with a rare condition—the so-called gossipiboma. It is a 
foreign body-related inflammatory pseudotumor caused by retained non- resorbable 
or partially resorbable substances [10]. We observed a patient with cutaneous 
fistula, as casuistically it is possible to give an example of unusual clinical situation 
of a patient with an endometriotic uterocutaneous fistula. The patient presented 
a painful nodule on the cesarean scar, which was bleeding during menstruation. 
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It was established that the lesion extended to the uterine fundus, connecting the 
endometrial cavity with the skin [11].

Ultrasound examination and MRI may sometime aid in the diagnosis of scar 
mass, and fine needle aspiration cytology also has certain value in the diagnosis of 
scar endometriomas. The typical sonographic pattern is the presence of subcutane-
ous nodule, hypoechoic with hyperechoic strands and irregular margins. Sometime 
it is possible to visualize complete or incomplete hyperechoic ring around the nod-
ule caused by a perifocal inflammatory reaction. In lesions larger than 3 cm, small 
cystic areas may be detected, possibly because of recent hemorrhage. In the typical 
case, a single peripheral vascular pedicle with arterial flow entering the nodule 
can be shown by color Doppler investigation. In very small lesions, this sign may 
be absent [12]. Because of high resolution of MRI, this technique makes it possible 
to identify smaller lesions and distinguish signs of organized hemorrhages within 
endometriomas. Moreover, MRI has better performance than computed tomogra-
phy scans in relation to outlining the subcutaneous, muscle, and aponeurotic tissue 
layers (Figure 7).

In some cases thin needle puncture guided by ultrasound with cytologi-
cal analysis helps to confirm diagnosis. In our study five of 24 patients have 
undergone this procedure before incision. However, its use is still controversial 
because of the risk of causing new implants at the puncture sites or perforating 
a hollow organ in the case of unrevealed or incarcerated hernia that simulated 
endometrioma.

Anyway imaging modalities remain nonspecific and do not modify the plan of 
treatment—wide surgical excision. Therapy with oral contraceptives, progestins, 
medroxyprogesterone acetate, and gonadotropin-releasing hormone agonists has 
been tried with minimal effects [4, 8]. In some patients the effects can be relatively 
long-lasting, but complete, permanent regression of endometriosis is rare with 
medical therapy. In our study we observed a patient treated with levonorgestrel-
releasing intrauterine device during 1.5 years. Clinical signs of endometriosis 
disappeared, but lesion in the region of postoperative scar remained. After excision 
of this tumor, we found no typical “chocolate” inside (Figure 11).

Histological examination revealed “hollow” glands without epithelial cells. 
Treatment of this patient resulted in inhibition of endometrial tissue, but stromal 
component of endometriosis remained.

That is why for endometriosis of postoperative scar, total surgical excision is 
considered to be gold standard for both diagnosis and treatment. Resection must be 
complete with clear margins to prevent recurrence. The excision may be technically 
difficult depending on the depth and the size of mass. It is possible to use coagula-
tion; it leads to smaller bleeding from infiltrated surrounded tissues. Sometimes 

Figure 10. 
Suture granuloma in 3 weeks after cesarean section.
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large defects in aponeurosis after excision require polypropylene mesh for repair-
ing. Surgery should be performed some days before the menstrual period in order to 
avoid an inflammatory reaction and make tissue removal easier.

Scar endometriosis as well as endometriosis at other sites can become malignant. 
It is a rare event occurring in 0.3–1% of scar endometriomas. The phenomenon of 
malignancy arising in association with endometriosis was first described in 1925. 
Clear cell carcinoma is the most common histological subtype [5]. Frequent recur-
rence might indicate malignant degeneration of tumor. That is why longtime clini-
cal follow-up is strongly recommended because malignant transformation might 
vary from a few months to more than 40 years.

In order to prevent scar endometriosis, some measures have been proposed. 
First of all, it is reasonable to close the peritoneal and visceral peritoneum with 
sutures at the time of cesarean section and perform an introflexed suture of the 
uterine incision and parietal peritoneum. Refusing these measures may increase 
the postoperative occurrence of an endometrioma in the scar. Second, it is not 
recommended to elevate the uterus out of the abdominal cavity during cesarean 
section or hysterotomy. Also it is recommended not to use the same instruments 
for hysterorrhaphy and suturing abdominal wall layers. At last, at the end of the 
surgery, the abdominal wall wound should be cleaned thoroughly and irrigated 
with high solution before closure. No measures of prevention have proven its 
efficiency, and all these measures were suggested without any evident scientific 
corroboration.

3. Conclusions

Twenty-four cases of endometriosis of postoperative scar have been presented. 
The occurrence of this type of extrapelvic endometriosis is supported by the iatro-
genic implantation theory. Cyclic pain and swelling tumor in the scar after obstetric 
or gynecologic operation are typical signs of scar endometriosis. The absence of 
cyclic pain syndrome in the presence of a lesion in the region of the scar requires 
a differential diagnosis. Wide excision of tumor is the best way for treatment and 
final diagnosis.
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Figure 11. 
Endometrioma after treatment with levonorgestrel-releasing system.
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Chapter 5

Keloids and Hypertrophic Scars 
Can Now Be Treated Completely 
by Multimodal Therapy, Including 
Surgery, Followed by Radiation 
and Corticosteroid Tape/Plaster
Rei Ogawa

Abstract

Keloids and hypertrophic scars are fibroproliferative disorders of the skin. Research 
over the last decade has markedly improved our understanding of the pathogenesis of 
these scars, in particular, the fact that both disorders are caused by prolonged inflam-
mation that prevents the orderly healing of injured or irritated skin. This protracted 
inflammatory response is due to genetic, systemic, and local risk factors. Genetic factors 
include single nucleotide polymorphisms, while systemic factors include hypertension, 
pregnancy-related and other hormones, and aberrant cytokine levels. An important 
local factor is the mechanical force (tension) on the scar. These observations have 
greatly aided the development of therapies for these once-intractable scars. As a result, 
these scars are now regarded as being completely treatable. At present, we believe that 
the following combination of three therapies most reliably achieves a complete cure: 
surgery followed by radiation and the prolonged daily use of corticosteroid tape/plaster.

Keywords: keloid, hypertrophic scar, scar, scar contracture, fibroproliferative 
disorder, fibrosis, surgery, radiotherapy, corticosteroid, tape, plaster

1. Introduction

While keloids and hypertrophic scars have some tumor-like properties, they 
are actually inflammatory conditions that drive the excessive proliferation of 
dermal fibroblasts and the aberrant accumulation of dermal matrix [1]. These 
fibroproliferative disorders of the skin are caused by abnormal healing of injured 
or irritated skin. Common causes of injury and irritation are trauma, burn, surgery, 
vaccination, skin piercing, acne, and herpes zoster. The risk of developing keloids 
and hypertrophic scars is particularly high if the wound is deep enough to dam-
age the reticular layer of the dermis and if various genetic, systemic, and/or local 
risk factors that prolong the inflammatory stage of wound healing are present. 
The protracted inflammation accelerates angiogenesis and induces the excessive 
accumulation of collagen. As a result, red and elevated scars that have an unappeal-
ing appearance arise. These scars also associate with intermittent pain, persistent 
itching, and a sensation of contraction. Moreover, if the wounds are located on 
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the joints or mobile regions, including the neck, the resulting scars can develop 
into scar contractures. Thus, the primary end-points of treatments for keloids and 
hypertrophic scars should be functional improvement and relief from pain and itch. 
Another important goal is the esthetic improvement.

2. Causes of keloids and hypertrophic scars

A number of genetic, systemic, and local factors that influence the character-
istics and quantity of keloids and hypertrophic scars have been identified [2]. The 
genetic causes of pathological scar development include single nucleotide poly-
morphisms [3, 4]. Moreover, our study showed that one of these polymorphisms 
associates significantly with clinically severe keloids [4]. It has been suggested that 
keloids are more influenced by genetic background than hypertrophic scars. This 
notion remains to be tested. To test it, it will be necessary to have a critical bio-
marker that reliably distinguishes keloids from hypertrophic scars. One possibility 
is keloidal collagen: it seems that this histological feature is only present in lesions 
that bear other classical hallmarks of keloids, including growth over the edges of the 
original wound. However, identification of other, nonpathology, biomarkers would 
be highly useful for addressing questions about the differences between keloids and 
hypertrophic scars in terms of their etiology, growth characteristics, and treatment 
responses.

In terms of systemic factors, adolescence and pregnancy appear to associate 
with a higher risk of developing pathological scars [5, 6]. Our recent study also 
showed that hypertension associates with the development of severe keloids [7, 8]. 
I believe that while these factors are not primary causes of keloid and hypertrophic 
scars, they do worsen the inflammation in the scar tissue, thereby accelerating and 
increasing angiogenesis and matrix production.

Of the many factors that contribute to pathological scar development is local 
mechanical forces, I believe that they play a particularly important role [9–11]. 
Keloids commonly adopt distinct site-specific shapes, namely, the typical butterfly, 
crab’s claw, and dumbbell shapes on the shoulder, anterior chest, and upper arm, 
respectively. These shapes reflect the region-specific distribution of skin tension that 
then tugs repetitively or constantly on the wounds/scars. Moreover, keloids are rare 
on the upper eyelid. This reflects the fact that eyelid skin is always relaxed regardless 
of whether the eyes are open or closed. An exception may be earlobe keloids: the con-
tribution of mechanical factors to the development of these keloids may be minor. 
Instead, the most likely local cause of these keloids is the repeated attaching and 
detaching of the piercing, which repeatedly injures the skin and heightens the risk of 
infection. Both the skin tension and repeated injury/infection trigger inflammation 
and the downstream fibroproliferative events. In summary, while skin tension itself 
may not be a primary cause of keloids and hypertrophic scars, it is likely to be an 
important local risk factor that worsens and prolongs the inflammation that drives 
the formation and/or progression of these fibroproliferative scars.

3. Standard treatment of keloids and hypertrophic scars

These findings have markedly improved our understanding of the pathogenesis 
of keloids and hypertrophic scars, which in turn has promoted the development of 
highly effective treatments for these once-intractable scars. At present, I believe 
that the most reliable approach is a combination of three therapies, namely, surgery, 
followed by radiation, and prolonged daily use of steroid tape/plaster. The addition 
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of radiation and steroid tape/plaster to surgery reflects the point made above, 
namely, that keloids and hypertrophic scars are inflammatory disorders, and not 
tumors. Consequently, anti-inflammatory treatments are most effective for these 
lesions. Indeed, as will be described below, steroid tapes/plasters/injections on their 
own work well to reduce the volume of accumulated collagen in keloids and hyper-
trophic scars, thereby causing their mass to shrink. However, steroid treatments 
take a long time to achieve mass reduction. Consequently, with large lesions, they 
are best performed after surgery that rapidly removes the lesion mass. Radiation 
on its own also has mass-reducing effects because it appears to suppress angiogen-
esis, and therefore dampens the influx of inflammatory cells and factors into the 
scar. These anti-inflammatory properties of steroid and radiation mean that their 
application after mass-reducing surgery (which by itself provokes inflammatory 
responses) will prevent the recurrence of excised keloids and hypertrophic scars.

Below, we will describe each of the three modalities separately. Thereafter, 
we will describe the three modalities when used in our combination therapeutic 
protocol.

3.1 Surgery

Since surgical treatment itself induces inflammation, surgery alone associates 
with high rates of keloid and hypertrophic scar recurrence. Worse, the recurrent 
scars are often much bigger than the original lesions. Thus, unless the scar is a 
minor hypertrophic scar, the decision to surgically remove a pathological scar 
should be made very carefully and postoperative radiation therapy should always 
be performed. However, if keloids and hypertrophic scars have infected areas, such 
as inclusion cysts, these should be removed surgically. Another key indication for 
surgery is keloids and hypertrophic scars that result in scar contracture of the joints 
or mobile areas such as the neck. In this case, the contractures should be released 
by a combination of subcutaneous/fascial tensile reduction sutures, z-plasties, and 
regional/local flap transfer.

The main objective of surgery for keloids and hypertrophic scars is not only 
mass reduction, but it is also to reduce the mechanical tension on the scar or the 
wound that is left after surgical removal of the scar. This is due to the important role 
of mechanical tension in the development and progression of keloids and hypertro-
phic scars. This is reflected by the fact that the most effective surgical method for 
releasing scar contractures is to use a regional or local flap, especially skin-pedicled 
local flaps: these flaps are particularly useful because they expand naturally after 
surgery and are therefore not prone to postsurgical contractures [12]. In contrast, 
skin grafts do not expand, which means that skin grafting tends to generate second-
ary contractures that result in circular pathological scars around the grafted skin.

3.2 Radiation

Interestingly, keloids respond very well to primary radiation therapy (i.e., radiation 
monotherapy). This reflects the fact that radiotherapy has a strong anti-inflammatory 
effect. Primary radiation therapy is suitable for older patients or patients with severe 
(huge) keloids (Figure 1). Since the total radiation dose in these cases is relatively high 
(e.g., 5 Gy administered once a week for 5 weeks by superficial brachytherapy), it is 
necessary to apply the radiation carefully to prevent secondary radiation carcinogen-
esis. However, the risks of primary radiation therapy should be weighed against its 
tremendous benefits; in particular, the fact that it immediately alleviates the subjective 
symptoms of keloids such as pain and itching. Moreover, over the following year, it 
causes the color and thickness of the scars to progressively normalize.
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followed by radiation, and prolonged daily use of steroid tape/plaster. The addition 
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of radiation and steroid tape/plaster to surgery reflects the point made above, 
namely, that keloids and hypertrophic scars are inflammatory disorders, and not 
tumors. Consequently, anti-inflammatory treatments are most effective for these 
lesions. Indeed, as will be described below, steroid tapes/plasters/injections on their 
own work well to reduce the volume of accumulated collagen in keloids and hyper-
trophic scars, thereby causing their mass to shrink. However, steroid treatments 
take a long time to achieve mass reduction. Consequently, with large lesions, they 
are best performed after surgery that rapidly removes the lesion mass. Radiation 
on its own also has mass-reducing effects because it appears to suppress angiogen-
esis, and therefore dampens the influx of inflammatory cells and factors into the 
scar. These anti-inflammatory properties of steroid and radiation mean that their 
application after mass-reducing surgery (which by itself provokes inflammatory 
responses) will prevent the recurrence of excised keloids and hypertrophic scars.

Below, we will describe each of the three modalities separately. Thereafter, 
we will describe the three modalities when used in our combination therapeutic 
protocol.

3.1 Surgery

Since surgical treatment itself induces inflammation, surgery alone associates 
with high rates of keloid and hypertrophic scar recurrence. Worse, the recurrent 
scars are often much bigger than the original lesions. Thus, unless the scar is a 
minor hypertrophic scar, the decision to surgically remove a pathological scar 
should be made very carefully and postoperative radiation therapy should always 
be performed. However, if keloids and hypertrophic scars have infected areas, such 
as inclusion cysts, these should be removed surgically. Another key indication for 
surgery is keloids and hypertrophic scars that result in scar contracture of the joints 
or mobile areas such as the neck. In this case, the contractures should be released 
by a combination of subcutaneous/fascial tensile reduction sutures, z-plasties, and 
regional/local flap transfer.

The main objective of surgery for keloids and hypertrophic scars is not only 
mass reduction, but it is also to reduce the mechanical tension on the scar or the 
wound that is left after surgical removal of the scar. This is due to the important role 
of mechanical tension in the development and progression of keloids and hypertro-
phic scars. This is reflected by the fact that the most effective surgical method for 
releasing scar contractures is to use a regional or local flap, especially skin-pedicled 
local flaps: these flaps are particularly useful because they expand naturally after 
surgery and are therefore not prone to postsurgical contractures [12]. In contrast, 
skin grafts do not expand, which means that skin grafting tends to generate second-
ary contractures that result in circular pathological scars around the grafted skin.

3.2 Radiation

Interestingly, keloids respond very well to primary radiation therapy (i.e., radiation 
monotherapy). This reflects the fact that radiotherapy has a strong anti-inflammatory 
effect. Primary radiation therapy is suitable for older patients or patients with severe 
(huge) keloids (Figure 1). Since the total radiation dose in these cases is relatively high 
(e.g., 5 Gy administered once a week for 5 weeks by superficial brachytherapy), it is 
necessary to apply the radiation carefully to prevent secondary radiation carcinogen-
esis. However, the risks of primary radiation therapy should be weighed against its 
tremendous benefits; in particular, the fact that it immediately alleviates the subjective 
symptoms of keloids such as pain and itching. Moreover, over the following year, it 
causes the color and thickness of the scars to progressively normalize.
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Radiation is also useful in the treatment of keloids and hypertrophic scars as a 
postsurgical modality [13–21]. As mentioned above, the main problem of surgery 
for pathological scars is recurrence. However, postsurgical radiation therapy can 
dramatically reduce these rates of recurrence. Use of the linear-quadratic model to 
calculate the biologically effective doses (BEDs) for various therapeutic radiation 
regimens after surgical excision of keloids showed that when the BED exceeds 30 Gy, 
the recurrence rate is less than 10%. Indeed, our review of the literature showed that 
to ensure maximum efficacy and safety, postoperative radiation for keloids in adults 
should involve the application of 10–20 Gy via daily fractions of 5 Gy.

Currently, we propose that the maximum dose of postoperative radiation 
therapy for surgically excised keloids is a BED of 30 Gy. A BED of 30 Gy can be 
obtained in several ways: a single fraction dose of 13 Gy, two fractions of 8 Gy, 
three fractions of 6 Gy, or four fractions of 5 Gy. In addition, recommended site-
dependent dose protocols for the treatment of keloids are as follows: 18 Gy in three 
fractions over 3 days for the anterior chest wall, shoulder-scapular region, and 
suprapubic region; 8 Gy in a fraction over a day for the ear lobe; and 15 Gy in two 
fractions over 2 days for other sites.

It should be noted that the calculated BED of 30 Gy assumes that the α/β ratio 
for keloids is 10 (the α/β ratio is a measure of the radiosensitivity of a specific 
tissue). However, when Flickinger [21] investigated the α/β ratio of keloids, they 
found that it was as low as 2, which suggests that high doses with limited numbers 
of fractions is the best strategy to achieve low recurrence rates. At present, there 
is no widely accepted radiation regimen for keloid treatment. Further research on 
regimens that effectively prevent recurrence without elevating the risk of secondary 
carcinogenesis is welcome.

3.3 Corticosteroid tapes/plasters

Corticosteroid injections rapidly reduce the volume of a scar [22]. However, 
the downsides of corticosteroid injections include pain (caused by the injection 
itself) and difficulties associated with contraindications such as pregnancy, glau-
coma, or Cushing’s disease. This problem can be overcome by using steroid tapes/
plasters. Most pediatric and older patients can be treated by steroid tapes/plaster 
alone because they have much thinner skin, which means that the steroids are easily 
absorbed (Figure 2). Corticosteroid tape/plasters on their own or in combination 

Figure 1. 
A patient with severe abdominal keloids was effectively treated by radiation monotherapy. (a) View before 
treatment. (b) 4 months post-treatment. (c) 9 months post-treatment. (d) 14 months post-treatment.  
(e) 18 months post-treatment. A 68-year-old female was treated with high-dose-rate superficial brachytherapy. 
A total of 25 Gy was administered in five fractions over 5 days (i.e., 5 Gy was delivered once a week for 
5 weeks). After 4 months of treatment, both the subjective and objective symptoms had improved dramatically. 
The keloids became mature scars 18 months after the treatment.
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with other therapies such as corticosteroid injection are also suitable for adults with 
minor keloids. Notably, postoperative application of corticosteroid tape/plasters sig-
nificantly prevents the development of keloids and hypertrophic scars after surgery.

Steroid tape/plasters should be changed every day. Important tips regarding the 
treatment of keloids and hypertrophic scars with steroid tapes/plasters are as fol-
lows. First, the patient should continue to use the tapes/plasters until the elevated 
mass becomes flat and soft. Second, once the mass has become flat and soft, steroid 
tape/plaster use should be stopped, even if the scar is still red. This reflects the fact 
that if the patient continues to use the tape just because the scar is still red, capil-
larectasia will occur. This is because the steroid treatment thins the supporting 
structure of the blood vessels.

Steroid tape is available in the following three countries in slightly different 
preparations [22]. In the UK, the commercially available formulation comprises a 
fludroxycortide-impregnated tape (4 μg/cm2). In the USA, a preparation containing 
4 μg/cm2 flurandrenolide (a medium-strength steroid) is available. In Japan, two 
steroid tape formulations are available, namely, a 4 μg/cm2 fludroxycortide tape 
(medium-strength) and a 20 μg/cm2 deprodone propionate tape (higher potency 
steroid). In our experience, deprodone propionate tape is the most effective tape for 
the treatment and prevention of keloids.

4. Combination treatment for severe keloids and hypertrophic scars

If a patient has severe keloids with infected areas or scar contractures, surgery 
should be performed (Figure 3). If the keloids are too large to be removed in their 
entirety, the surgeon can resect the region of contracture or infection. The resulting 
defects can then be covered by a regional/local flap. Surgery should also be performed 
if the keloid growth causes significant deformity and the keloid does not respond to 
nonsurgical therapies. An example of severely deforming earlobe keloids is shown in 
Figure 4. Such keloids can be treated by the core excision method, where the fibrous 
reticular layer of the keloid (i.e., the core of the earlobe keloid) is extirpated and the 
epidermis and papillary layer of the dermis is preserved as a thin flap.

Figure 2. 
A child with a mild keloid was effectively treated with steroid tape alone. (a) View before treatment. (b) After 
16 months of treatment. (c) After 26 months of treatment. This 9-year-old boy had a mild right scapular keloid 
and was treated by fludroxycortide tape (Drenison® tape). The tape was placed on the keloid 24 h a day and 
was changed daily. The inflammation resolved completely. After 26 months of treatment, both the subjective 
and objective symptoms of the patient had improved dramatically (the case was cited from the article: Ogawa 
R, Akaishi S, Kuribayashi S, Miyashita T. Keloids and Hypertrophic Scars Can Now Be Cured Completely: 
Recent Progress in Our Understanding of the Pathogenesis of Keloids and Hypertrophic Scars and the Most 
Promising Current Therapeutic Strategy. J Nippon Med Sch. 2016;83(2):46–53).
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While these surgical approaches on their own associate with a relatively high 
risk of recurrence, this risk can be significantly reduced by combining surgery with 
postoperative radiotherapy and prolonged corticosteroid tape/plaster application. 
Thus, after the operation, both the donor and recipient sites of the flap should be 
irradiated to prevent the new formation of keloids. Notably, when partial resection 
or core extirpation is followed by postoperative radiotherapy, any remaining keloids 
around the flap (which do not undergo radiotherapy) also improve (Figure 3). This 

Figure 3. 
A patient with an upper limb keloid was effectively treated by surgery and postoperative radiotherapy.  
(a) Preoperative view. (b) Removal of the hand and wrist keloids and harvest of the flap. (c) Flap rotation. 
(d) The recipient site immediately after surgery. (e–i) 5 years after the operation. This 63-year-old female 
had hypertension together with severe keloids of an unknown origin (folliculitis was suspected) that covered 
her right elbow, wrist joint, and thumb and made it difficult for her to use her right hand. The contractures 
were released by surgery with a distally based radial forearm flap followed by adjuvant 4-MeV electron beam 
irradiation therapy (15 Gy/three fractions for 3 days) (the case was cited from the article: Ogawa R, Arima 
J, Ono S, Hyakusoku H. CASE REPORT Total Management of a Severe Case of Systemic Keloids Associated 
With High Blood Pressure (Hypertension): Clinical Symptoms of Keloids May Be Aggravated by Hypertension. 
Eplasty. 2013 Jun 3;13:e25).
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reflects the fact that the flap releases tension, which in turn decreases the inflam-
mation in the remnant keloids. The high risk of recurrence in these severe cases 
can be further reduced by the routine application of corticosteroid tape/plasters 
on the operated area that are changed daily. In general, we recommend patients to 
use tape/plasters for at least 6 months after the surgery and radiotherapy, or until 
the scar becomes soft. Long-term follow-up is necessary because if the scars start 
to stiffen again, corticosteroid tape/plasters should be re-applied. In general, it will 

Figure 4. 
A patient with bilateral ear keloids was effectively treated by surgery and postoperative radiotherapy.  
(a, b) Preoperative view of the left ear. (c) Design of the incision on the left ear. (d) Intraoperative view of the left 
ear. (e, f) The left ear immediately after surgery. (g) Preoperative view of the right ear. (h) Design of the incision 
on the right ear. (i) Intraoperative view (the right ear). (j, k) The right ear immediately after surgery. (l, m) The 
right ear 14 months after surgery. (n, o) The left ear 14 months after surgery. A 37-year-old Japanese woman 
with multiple keloids was diagnosed with multicentric type Castleman’s disease. She was treated with systemic 
administration of steroid for Castleman’s disease but the treatment did not improve her keloids. We removed both 
auricular keloids by using the core excision method. On postoperative days 1, 2, and 3, the patient received a total 
radiation dose of 15 Gy in three fractions over 3 days. The radiation was delivered by a 4 MeV electron beam. 
Histopathological examination of the resected tissues showed the absence of abnormal lymphocytes or plasma cell 
infiltration. Consequently, the auricular lesions were diagnosed definitively as keloids (the case was cited from the 
article: Quong WL, Kozai Y, Ogawa R. A Case of Keloids Complicated by Castleman’s Disease: Interleukin-6 as a 
Keloid Risk Factor. Plast Reconstr Surg Glob Open. 2017 May 16;5(5):e1336).
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Figure 5. 
Algorithm for selecting keloid and hypertrophic scar treatment modalities. Particular care should be taken 
when selecting the treatment for growing children and pregnant women with keloids and hypertrophic scars. In 
our facility, pediatric patients (<20 years of age) and pregnant women are not treated with radiation. Invasive 
surgery in pregnant women is also avoided. In these cases, the primary treatment choice should be steroid tape/
plaster together with stabilization/compression therapy that reduces the tension on the scar.
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take at least 2 years before combination therapy-treated keloids and hypertrophic 
scars mature. It is important to make clear to the patient before this therapy starts 
that the protocol has a long duration. Nevertheless, close monitoring and assidu-
ous re-application of steroid tape/plasters have an excellent chance of converting 
postoperative keloid sites into mature scars.

It should be noted that our combination therapy is not suitable for growing 
children and pregnant women. In our facility, we do not treat pediatric patients 
(<20 years of age) or pregnant women with radiation. Moreover, invasive treat-
ments such as surgery are not performed during pregnancy. The primary choice of 
treatment for children and pregnant women with keloids and hypertrophic scars 
should be steroid tape/plaster on its own (Figure 5).
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Chapter 6

Scars: A New Point of View in 
Plastic Surgery
Gustavo E. Prezzavento

Abstract

The issue of achieving esthetically pleasing surgical scars has gained prominence 
in recent years, with the emergence of the concept of the “imperceptible scar,” 
which is expected by patients of not only cosmetic but also reconstructive surgery. 
Current research in reconstructive surgery focuses on obtaining high-quality results 
in the minimum number of steps, with a view to “doing it right the first time.” 
However, there is no uniform approach to scar treatment, which is partly due to a 
lack of consensus regarding the most effective healing methods. This chapter aims 
at shedding new light to discussion by putting forward two different procedures 
that enhance scar results in cosmetic and reconstructive surgeries by applying a 
topical treatment with active ingredients and by combining cadaver and artificial 
skin as dermal substitutes, respectively. The effectiveness of these treatments is 
shown by means of objective, quantifiable data collected as a result of studies and 
postoperative follow-ups carried out at Hospital Alemán in Buenos Aires.

Keywords: scars, surgical wound, wound healing, reconstructive surgery, 
esthetic surgery

1. Introduction

Scars are a natural part of dermal healing following lacerations, incisions, or tis-
sue loss. Wound healing, which is a natural process of tissue repair, consists of three 
phases: inflammation, fibroplasia, and maturation. The healing tissue generates 
changes in the cutaneous architecture, which renders the skin surrounding the scar 
different from the rest of the skin in terms of color, thickness, elasticity, texture, and 
degree of contraction [1]. In surgical procedures, scars, which are the only visible 
sequela of the intervention, result from the reparation process undergone by the skin 
to heal the wounds caused by surgery or trauma. Because of its impact in scarring, 
considerable importance is placed on the closure of a surgical incision, which is the 
final phase of the intervention [2]. The ideal scar is narrow, flat, level with sur-
rounding tissue, and difficult for the untrained eye to see due to color match and 
placement parallel to relaxed skin tension lines. In contrast, hypertrophic, keloidal, 
dyspigmented, widened, contracted, or atrophic scars can be unsightly and/or cause 
functional limitations, which patients often perceive as a problem.

Thus, when the scar has unfavorable characteristics, scar revision is often 
indicated. Furthermore, as poor-quality healing of an incision can constitute a 
disabling pathology [3], scar treatment should not be considered as a trivial part of 
the intervention. On the contrary, wound treatment and care after surgery of any 
kind, including esthetic or reconstructive interventions, should be initiated early. 
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In order to arrive at an effective esthetic and functional outcome, surgeons must be 
familiar with the different scar treatments available, and they must also know how 
to prevent scars and how to reduce them after surgery. In this sense, it should be 
borne in mind that, while there exist multiple treatment modalities, none of them 
guarantees a 100% success rate. Current guidelines suggest a multimodal approach 
to treating scars but there is no gold standard for their treatment. In this chapter, we 
will present two new ways to treat scars following plastic surgery. As explained in 
the following sections, these techniques were successfully implemented in a number 
of cases, and their comparative advantages regarding other methods were also 
evaluated. We hope that our contribution will help point in the direction toward an 
effective, uniform standard.

The first part of our research deals with cosmetic surgery scars, which gener-
ally receive different topical treatments that help maintain the moisture and the 
plasticity of the wound. Besides, these treatments prevent wound contamination or 
infection, which would delay healing. We have analyzed and compared the results 
of two of these treatment options and found that the best functional and esthetic 
results are obtained when using a cream with active ingredients. The second part 
of our research revolves around the combined use of two skin substitutes, cadaver 
skin and artificial skin, so as to obtain improved results in reconstructive surgery 
after trauma injuries with abnormal wound healing in response to skin trauma or 
inflammation. Employing dermal substitutes result in a better regeneration of the 
dermis and in dermal fibroblast optimization. In the next sections, we will present 
a detailed account of the two studies we have carried out, which will allow us to 
further discuss the aforementioned techniques to optimize surgical scars.

2. Topical treatment of cosmetic surgery scars

As we have already mentioned, the first study involved the comparison and 
evaluation of two topical treatments applied to scars resulting from cosmetic sur-
gery. One was a cream containing 1 g of silver sulfadiazine, 248,000 IU of vitamin 
A and 0.666 g of lidocaine in each 100 g of product (Platsul-A®, Soubeiran Chobet 
Laboratory, Autonomous City of Buenos Aires, Argentina) (cream A), and the 
other was a moisturizing cream based on petrolatum, keto-stearyl alcohol, glycerin, 
and water without any active ingredient (cream B). About 32 patients participated 
in the study; 24 with bilateral breast implants and 8 with face and neck lifts, hence 
totaling 64 scars. The study included patients of both sexes: 31 women and 1 man, 
with ages ranging from 22 to 64 years (mean of 41 years). All patients received 
both topical treatments under study, each of their postsurgical scars (right and left) 
being applied one of the creams at random. We monitored patients for 1 month 
after the beginning of treatment, meeting them at an initial appointment and at 
subsequent appointments after 3, 6, 9, 16, 23, and 30 days from the intervention. 
Each patient’s progress was checked by the same medical examiner.

In these appointments, we measured the length and width of the scars to 
determine their total surface and assessed them in accordance with the Vancouver 
scar scale (VSS) and the patient and observer objective assessment scale (POSAS). 
We evaluated (1) the surface area of each scar by multiplying its length by its width, 
as measured with a ruler with graduation, (2) the quality of each scar as assessed 
by the VSS, [4] taking into account the parameters of pigmentation, vascularity, 
and thickness, and (3) the patient’s perception of each scar as appraised by the 
POSAS, [5] by having them rank a series of symptomatic and esthetic parameters. 
The results are reported as follows, discriminated on the basis of the type of surgery 
performed.
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2.1 Surface area of each scar

In the group of patients with breast implants, the percentage of change did not 
differ significantly between the two treatments studied in the appointments of 
days 3, 6, 9, 16, and 23. On day 30, however, we detected a statistically significant 
difference (P = 0.017). The percentage of decrease was significantly higher in the 
scars treated with the cream with silver sulfadiazine, vitamin A, and lidocaine 
(cream A) than in those treated with the cream without active ingredients (cream B)  
(18.6 and 9.5%, respectively) (Table 1). In the group of patients with face and 
neck lift, there was no significant difference between the percentage of change 
achieved due to the two treatments on days 3, 6, 9, and 16. Nevertheless, on days 
23 and 30, we encountered a statistically significant difference (P = 0.026 and 
P = 0.007, respectively). The percentage of decrease was significantly higher in 
the scars treated with cream A than in those that had been treated with cream 
B. On day 23, the surface area of the scars treated with cream A had decreased, on 
average, by 14.8%, while that of the scars treated with cream B had increased, on 
average, by 24.9%. On day 30, the surface area of the scars treated with cream A 
had decreased, on average, by 19.1%, whereas that of the scars treated with cream 
B had increased, on average, by 22.2% (Table 2). Figure 1 shows the changes in 
the surface area of each patient’s scars on days 23 and 30 with respect to the initial 
appointment and classifies the results according to the type of surgery undergone 
and the treatment received. As we can see, more favorable results were obtained 
with cream A than with cream B, except in the case of two patients with breast 
implants (patients No. 7 and 12).

2.2 Vancouver scar scale

The VSS assigns values to the scar pigmentation, vascularity, and thickness, 
which are then added to obtain a total. Although the score may vary between 0 
and 10, the average of the initial scores in our study was 2.7 and the maximum 
value observed throughout the study was 5. We conducted the analysis taking into 
account the absolute change in the VSS score with respect to the initiation of treat-
ment (day 0). Results are expressed in absolute values. The analysis is carried out 
separately for each group of patients, depending on the type of surgery, on days 3, 
6, 9, 16, 23, and 30.

In the breast implant patient group, the VSS score change did not differ signifi-
cantly between treatments on days 3, 6, 9, and 16. On days 23 and 30, nonetheless, 

Days Average percentage of change of the surface area as from treatment onset 
(breast implant)

P

Cream A (%) Cream B (%)

3 4.2 0.0 0.97 (NS)

9 2.6 3.7 0.37 (NS)

16 −1.8 −6.0 0.40 (NS)

23 −12.8 −7.2 0.089 (NS)

30 −18.6 −9.5 0.017*

NS: not significant.*Significant: at 5%.

Table 1. 
Average percentage of change of the surface area of the scars treated with silver sulfadiazine, vitamin A, and 
lidocaine (cream A) and with a cream without active ingredients (cream B) in patients with breast implants 
after 3, 6, 9, 16, 23, and 30 days from the onset of the topical treatment.
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after 3, 6, 9, 16, 23, and 30 days from the onset of the topical treatment.
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we noticed a statistically significant difference (P = 0.02 and P = 0.006, respec-
tively). The decrease was significantly higher in the scars treated with cream A 
in comparison with those treated with cream B. On day 23, the score of the scars 
treated with cream A decreased by 1.13 points average, while that of the scars 
treated with cream B increased by 0.04 points average. On day 30, the average score 
decrease was of 1.88 points in those treated with cream A and of 0.42 points in 
those treated with cream B (Table 3).

In the group of patients with face and neck lift, the change in the VSS score did 
not differ significantly between treatments after 3 days. Yet, in all of the following 
appointments, a statistically significant difference (P ˂ 0.05) was observed. The 
reduction of the score was significantly higher in scars treated with cream A than in 

Figure 1. 
Percentage changes of the scar surface area, per patient after 23 and 30 days from treatment onset.

Days Average percentage of change of the surface area as from treatment onset 
(face and neck lift)

P

Cream A (%) Cream B (%)

3 12.5 12.5 +

6 12.5 12.5 +

9 12.3 12.4 0.60 (NS)

16 2.1 24.9 0.07 (NS)

23 −14.8 24.9 0.026*

30 −19.1 22.2 0.007**

NS: not significant. 
*Significant at 5%.
**Significant at 1%.
+No surface area changes were perceived in any patient in either of the treatments.

Table 2. 
Average percentage of change of the surface area of the scars treated with silver sulfadiazine, vitamin A, and 
lidocaine (cream A) and with a cream without active ingredients (cream B) in patients with face lift after 3, 6, 
9, 16, 23, and 30 days from the onset of the topical treatment.
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those treated with cream B. On day 23, scars treated with cream A had decreased by 
0.86 points average, while those treated with cream B had increased by 1.75 points 
average. On day 30, the average score decrease of scars treated with cream A was 
1.88 points, while the score of scars treated with cream B increased by 1.88 average 
points (Table 4). Figure 2 displays the changes in the VSS scores for each patient 
with breast implants on 23 and 30 days, compared to the initial control. In a major-
ity of patients, we see a favorable effect with the cream A treatment compared to 
cream B, except for three cases (patients No. 16, 28, and 30). Figure 3 illustrates the 
changes in the VSS scores for each patient with face and neck lifts on days 6, 9, 16, 
23, and 30 with respect to the initial appointment. In most cases, cream A shows a 
more favorable effect in comparison with cream B. Regardless of whether cream A 
or B had been used, in general, the changes observed in the VSS, either increase or 
decrease, were homogeneous in the three variables that make up this scale: pigmen-
tation, vascularity, and thickness of the scar. Figures 4–6 illustrate the different 
results obtained when applying each cream.

Days Average change in the VSS score as from treatment onset (breast implant) P

Cream A Cream B

3 0.33 0.21 0.80 (NS)

6 0.13 0.29 0.30 (NS)

9 −0.21 0.46 0.10 (NS)

16 −0.42 0.29 0.09 (NS)

23 −1.13 0.04 0.02*

30 −1.88 −0.42 0.006**

VSS: Vancouver scar scale.
NS: not significant. 
*Significant at 5%.
**Significant at 1%.

Table 3. 
Average change in the VSS score of scars treated with silver sulfadiazine, vitamin A, and lidocaine (cream A) 
and with a cream without active ingredients (cream B) in patients with breast implants after 3, 6, 9, 16, 23, 
and 30 days from the onset of the topical treatment.

Days Average change in the VSS score as from treatment onset (face and neck lift) P

Cream A Cream B

3 0.50 1.50 0.17 (NS)

6 0.13 1.50 0. 048*

9 −0.13 2.00 0.029*

16 −0.50 1.88 0.029*

23 −0.86 1.75 0.020*

30 −1.88 1.88 0.007**

VSS: Vancouver scar scale.
NS: not significant. 
*Significant at 5%.
**Significant at 1%.

Table 4. 
Average change in the VSS score of scars treated with silver sulfadiazine, vitamin A, and lidocaine (cream A)  
and with a cream without active ingredients (cream B) in patients with face lift after 3, 6, 9, 16, 23, and 
30 days from the onset of the topical treatment.
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those treated with cream B. On day 23, scars treated with cream A had decreased by 
0.86 points average, while those treated with cream B had increased by 1.75 points 
average. On day 30, the average score decrease of scars treated with cream A was 
1.88 points, while the score of scars treated with cream B increased by 1.88 average 
points (Table 4). Figure 2 displays the changes in the VSS scores for each patient 
with breast implants on 23 and 30 days, compared to the initial control. In a major-
ity of patients, we see a favorable effect with the cream A treatment compared to 
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changes in the VSS scores for each patient with face and neck lifts on days 6, 9, 16, 
23, and 30 with respect to the initial appointment. In most cases, cream A shows a 
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or B had been used, in general, the changes observed in the VSS, either increase or 
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16 −0.42 0.29 0.09 (NS)
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30 −1.88 −0.42 0.006**

VSS: Vancouver scar scale.
NS: not significant. 
*Significant at 5%.
**Significant at 1%.

Table 3. 
Average change in the VSS score of scars treated with silver sulfadiazine, vitamin A, and lidocaine (cream A) 
and with a cream without active ingredients (cream B) in patients with breast implants after 3, 6, 9, 16, 23, 
and 30 days from the onset of the topical treatment.

Days Average change in the VSS score as from treatment onset (face and neck lift) P

Cream A Cream B

3 0.50 1.50 0.17 (NS)

6 0.13 1.50 0. 048*

9 −0.13 2.00 0.029*
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VSS: Vancouver scar scale.
NS: not significant. 
*Significant at 5%.
**Significant at 1%.

Table 4. 
Average change in the VSS score of scars treated with silver sulfadiazine, vitamin A, and lidocaine (cream A)  
and with a cream without active ingredients (cream B) in patients with face lift after 3, 6, 9, 16, 23, and 
30 days from the onset of the topical treatment.
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2.3 Patient and observer objective assessment scale

This scale allowed us to evaluate numerically, based on the patient’s own 
answers, scar characteristics related to pain, itching, color, stiffness, and thickness. 
The treating physician recorded the data reported for each variable and for each 
scar during the corresponding appointments. Although the score may vary between 
0 and 60, the average of the initial scores was 16 and the maximum value observed 
throughout the study was 25. We carried out the analysis taking into account the 

Figure 2. 
Changes in VSS scores for each patient with breast implants after 23 and 30 days from treatment onset of 
treatment. VSS: Vancouver scar scale.

Figure 3. 
Changes in VSS scores for each patient with cervical-facial stretch and after 6, 9, 16, 23, and 30 days from 
treatment onset. VSS: Vancouver scar scale.
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percentage change in the score of the scale with respect to that of the beginning 
of the treatment (day 0). We evaluated the results separately for each group of 
patients, depending on the type of surgery performed, and we considered the 
results obtained on days 3, 6, 9, 16, 23, and 30 of the postoperative period.

In the group of patients with breast implants, the percentage change of the 
score of the POSAS did not differ significantly between the treatments on days 3 
and 6, but in the remaining appointments, we found a statistically significant 
difference (P < 0.05) in favor of cream A. The percentage decrease in the score 
was significantly higher in those scars treated with cream A than in those treated 
with cream B. On day 23, the score of scars treated with cream A decreased by 

Figure 4. 
Same patient’s evolution with cream A (left) versus cream B (right) following a breast implant intervention 
(submammary incision).

Figure 5. 
Same patient’s evolution with cream A (left) versus cream B (right) following a face lift intervention.

Figure 6. 
Same patient’s evolution with cream A (left) versus cream B (right) following a breast implant intervention 
(periareolar incision).
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21.8 points average, while that of the scars treated with cream B did so by 1.3 points 
average. On day 30, the average score decrease was of 37.7 points in scars treated 
with cream A while, in those treated with cream B, the decrease was 7.3 points 
average (Table 5).

In the group of patients with face and neck lifts, the percentage change in the 
POSAS score did not differ significantly between the treatments on days 3, 6, 9, 16, 
and 23. On day 30, however, we detected a statistically significant difference  
(P = 0.021) in favor of cream A. The percentage decrease was significantly higher in 
cases treated with cream A versus those treated with cream B. On day 30, the score 
of scars treated with cream A decreased, on average, by 14.4%, while that of the 
scars treated with cream B increased, on average, by 26.6% (Table 6). Figure 7  
presents the percentage changes of the POSAS scores for each patient with 
breast implants on days 9, 16, 23, and 30 with respect to the initial appointment, 

Days Average change in the POSAS score as from treatment onset (face and neck 
lift)

P

Cream A Cream B

3 2.5 8.5 1.0 (NS)

6 1.7 7.8 0.129 (NS)

9 −6.2 7.1 0.026*

16 −9.9 6.6 0.037*

23 −21.8 −1.3 0.005**

30 −37.7 −7.3 0.0007**

POSAS: patient and observer scar assessment scale.
NS: not significant. 
*Significant at 5%.
**Significant at 1%.

Table 5. 
Average POSAS score change rate for scars with silver sulfadiazine, vitamin A, and lidocaine (cream A) and 
with a cream without active ingredients (cream B) in patients with breast implants after 3, 6, 9, 16, 23, and 
30 days from the onset of the topical treatment.

Days Average change in the POSAS score as from treatment onset (breast implant) P

Cream A Cream B

3 22.1 18.2 0.66 (NS)

6 18.2 20.2 0.40 (NS)

9 19.0 26.3 0.26 (NS)

16 18.0 23.9 0.36 (NS)

23 −1.4 32.7 0.07 (NS)

30 −14.4 26.6 0.021*

POSAS: patient and observer scar assessment scale.
NS: not significant.
*Significant at 5%.

Table 6. 
Average POSAS score change rate for scars with silver sulfadiazine, vitamin A, and lidocaine (cream A) and 
with a cream without active ingredients (cream B) in patients with face lift after 3, 6, 9, 16, 23, and 30 days 
from the onset of the topical treatment.
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differentiated according to the treatment applied. In most patients, we see that the 
treatment with cream A resulted in a more favorable effect than that obtained with 
cream B, except for two cases (patient No. 15, days 9 and 16; and patient  
No. 13, day 16). Figure 8 shows the percentage changes of the POSAS scores for each 
patient with face and neck lift between the onset of the treatment and day 30 and 
organizes the results based on the cream employed. In most cases, a better outcome 
was reached with cream A than with cream B. Irrespective of the cream applied, in 
general, the changes observed, either increase or decrease, reflected homogeneous 
changes in the variables that constitute this scale.

Figure 7. 
Percentage POSAS score changes for each patient with breast implants after 9, 16, 23, and 30 days from the 
beginning of treatment. POSAS: patient and observer objective evaluation scale.

Figure 8. 
POSAS score changes for each patient with face lift after 30 days from treatment onset. POSAS: patient and 
observer objective evaluation scale.
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The results showed an improvement of all the evaluated variables when 
we used the cream with silver sulfadiazine, vitamin A, and lidocaine as treat-
ment [6]. In all the scars treated in this way, we observed a greater percentage 
decrease of the surface area as compared with those treated with the cream 
without active principles. In addition, the scars treated with silver sulfadiazine, 
vitamin A, and lidocaine obtained a lower POSAS score, associated with a better 
scar quality. Such decrease in the POSAS score throughout the treatment is 
indicative not only of a more positive perception by the patient of the healing 
process but also of improvement of all the parameters evaluated: pain, itching, 
color, stiffness, thickness, and irregular scarring [7]. Therefore, our results 
indicate that performing a topical treatment with a cream containing silver sul-
fadiazine, vitamin A, and lidocaine from the beginning of treatment decreases 
wound size faster, improves the quality of the scar and the overall perception 
of the patients. In other words, such a treatment of postcosmetic surgery scars 
yields better esthetic and functional outcomes [8].

3. Combining skin substitutes for dermal reconstruction

The other treatment we are concerned with involves using different dermal sub-
stitutes in reconstructive surgery. Soft tissue impairment after an accident requires 
fast radical treatment and often multiple surgical procedures related to necrotic 
and poorly perfused tissue. Traditionally, dermal reconstruction meant harvest-
ing grafts and flaps, which left major sequelae in donor sites. However, modern 
understanding of the composition of the skin has enabled researchers to develop 
numerous cutaneous substitutes which allow for the reconstruction of the dermis 
by providing a scaffold that promotes new tissue growth, thus compensating for 
the functional and physiological impairments caused by damaged tissue. Moreover, 
they offer the attractive possibility of employing grafts to treat large burns.

Skin substitutes are biomatrices that may be used to replace the damaged epidermis 
or dermis (or both) partially or totally, transitory or definitively. Although they can be 
classified in different ways [9], they fall broadly into two groups, either decellularized 
dermis derived from human or animal sources or artificially constructed scaffolds 
comprised of highly purified biomaterials or synthetic polymers. Many of these sub-
stitutes act by guiding the patient’s own cells to form a neodermis, both reducing pain 
and improving healing by avoiding excessive scarring [10]. They allow practitioners to 
create a controlled environment appropriate for physiology and cellular function, as 
well as to identify and properly manipulate the cells so that parenchyma, stroma, and 
vascular components are generated, and to produce materials malleable by the cells.

One such cutaneous substitute is Integra®, which consists of a matrix of purified 
collagen from bovine tendon cross-linked with glycosaminoglycan obtained from 
shark cartilage and a silicone layer that functions as a temporary epidermis. It is 
a bilayer membrane system, consisting of an inner dermal substitute layer and a 
temporary outer epidermal substance layer. The inner layer is composed of a three-
dimensional matrix of cross-linked bovine tendon collagen plus a glycosaminogly-
can, and the outer layer is made of silicone. Integra® was introduced by Burke and 
Yannas in the early 1980s. The aim of their research was to find a substitute for the 
skin of patients with massive burns [11]. Nowadays, Integra® is a fundamental part 
of the “reconstructive ladder” and is utilized for treating skin loss resulting from 
burns, trauma and oncologic and pressure sore surgery [12]. After application of 
Integra®, the patient’s native fibroblasts, macrophages, and lymphocytes infiltrate 
and new capillary growth occurs into the matrix of the inner layer. The inner layer 
becomes degraded and an endogenous collagen matrix is deposited by the patient’s 
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own fibroblasts, forming a neodermis. Once engraftment is complete, 2–3 weeks 
after application, the outer silicone layer needs to be removed and an epidermal 
autograft must be placed over the neodermis. One of the advantages of this process 
is that successful neodermis formation requires only a thin skin graft which pro-
vides epidermal coverage which also prevents infections. Furthermore, as no donor 
site is created, it eliminates the risk of donor site wound complications.

Another skin substitute is cadaver skin or homograft, which was included in 
protocols for the first time in the year 1981 in Philadelphia, United States. By virtue of 
the processing of cadaver skin through a skin bank, a suitable substitute is obtained 
and distributed to potential receptors [13]. Depending on the way in which they are 
processed, these “acellular dermal homografts” (as Takami describes them [14]) 
can be used transiently or permanently. To reduce the probability of graft rejection, 
cadaveric grafts undergo a cell-removal process and the resulting acellular tissue is 
irradiated with gamma rays, which destroy the immunogenic potential of the tissue. 
Employing cadaver skin to treat severe trauma of lower limbs with skin impairment 
has a number of advantages. To begin with, this treatment produces a biological 
closure after escharectomy. Furthermore, it helps reduce the loss of fluids, proteins, 
and electrolytes, as well as the pain experienced by the patient. Apart from this, it 
prevents the desiccation of the wound bed, since it functions as a biological cover 
for complex wounds, ultimately improving the preparation of the wound bed before 
definite reconstruction [15]. Finally, the addition of artificial skin over the vascular-
ized homologous dermis creates a dermal structure of greater thickness and elasticity.

Another recent development which is of great importance for reconstructive 
surgery is vacuum therapy (VAC), which improves wound healing by means of 
two main mechanisms. In the first place, it acts on the interstitial level eliminating 
edema, inflammatory mediators, and bacteria. It thus combats the vicious cycle of 
increased interstitial edema and pressure, cell death, and necrosis which is begot-
ten by the inflammatory response triggered after a lesion. In addition, this treat-
ment promotes mitogenesis and granulation tissue formation [16]. VAC is relevant 
to our research since, as Morykwas explains, it can be used to help incorporate 
Integra® and skin grafts as permanent replacements. Using a vacuum system after 
the escharectomy and the homograft placement and 1 week after positioning the 
artificial skin and the ultrathin autograft favors the arrest of these two substitutes. 
Moreover, negative pressure wound therapy can help augment the healing process 
and prepare the wound for definitive closure. A review published in Cochrane in 
2007 [21] reported that, after 6 months of treatment, a 71% success rate had been 
observed in wounds treated with both artificial skin and negative pressure through 

Figure 9. 
Full-thickness trauma in lower limbs.
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own fibroblasts, forming a neodermis. Once engraftment is complete, 2–3 weeks 
after application, the outer silicone layer needs to be removed and an epidermal 
autograft must be placed over the neodermis. One of the advantages of this process 
is that successful neodermis formation requires only a thin skin graft which pro-
vides epidermal coverage which also prevents infections. Furthermore, as no donor 
site is created, it eliminates the risk of donor site wound complications.

Another skin substitute is cadaver skin or homograft, which was included in 
protocols for the first time in the year 1981 in Philadelphia, United States. By virtue of 
the processing of cadaver skin through a skin bank, a suitable substitute is obtained 
and distributed to potential receptors [13]. Depending on the way in which they are 
processed, these “acellular dermal homografts” (as Takami describes them [14]) 
can be used transiently or permanently. To reduce the probability of graft rejection, 
cadaveric grafts undergo a cell-removal process and the resulting acellular tissue is 
irradiated with gamma rays, which destroy the immunogenic potential of the tissue. 
Employing cadaver skin to treat severe trauma of lower limbs with skin impairment 
has a number of advantages. To begin with, this treatment produces a biological 
closure after escharectomy. Furthermore, it helps reduce the loss of fluids, proteins, 
and electrolytes, as well as the pain experienced by the patient. Apart from this, it 
prevents the desiccation of the wound bed, since it functions as a biological cover 
for complex wounds, ultimately improving the preparation of the wound bed before 
definite reconstruction [15]. Finally, the addition of artificial skin over the vascular-
ized homologous dermis creates a dermal structure of greater thickness and elasticity.

Another recent development which is of great importance for reconstructive 
surgery is vacuum therapy (VAC), which improves wound healing by means of 
two main mechanisms. In the first place, it acts on the interstitial level eliminating 
edema, inflammatory mediators, and bacteria. It thus combats the vicious cycle of 
increased interstitial edema and pressure, cell death, and necrosis which is begot-
ten by the inflammatory response triggered after a lesion. In addition, this treat-
ment promotes mitogenesis and granulation tissue formation [16]. VAC is relevant 
to our research since, as Morykwas explains, it can be used to help incorporate 
Integra® and skin grafts as permanent replacements. Using a vacuum system after 
the escharectomy and the homograft placement and 1 week after positioning the 
artificial skin and the ultrathin autograft favors the arrest of these two substitutes. 
Moreover, negative pressure wound therapy can help augment the healing process 
and prepare the wound for definitive closure. A review published in Cochrane in 
2007 [21] reported that, after 6 months of treatment, a 71% success rate had been 
observed in wounds treated with both artificial skin and negative pressure through 

Figure 9. 
Full-thickness trauma in lower limbs.
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Figure 11. 
(1) Escharectomy, (2) cadaver skin, (3) vacuum system, (4) epidermolysis, (5) neovascularized homodermis, 
and (6) artificial skin over vascularized homodermis—final result with autograft.

a vacuum system, whereas the success rate of wounds treated solely with negative 
pressure had been, at 37%, significantly lower. In terms of wound healing, even 
better results were obtained when Integra® was used as a dermal substitute [22].

As a consequence of the benefits we have mentioned, dermal substitutes have now 
been extended to treat other pathologies. Furthermore, the use of cutaneous substi-
tutes added to the vacuum therapy has been incorporated into the “Modified Ladder of 
Reconstruction” [17]. However, the usefulness of treating large wounds with deep skin 
impairment with both cadaver skin and artificial skins has not been, to date, exhaus-
tively studied. Therefore, we wish to contribute to this line of research by reporting the 
successful esthetic and functional results we have obtained when treating extensive 
skin lesions with both substitutes. Our study involved the follow-up of the wound 
healing of four patients (N:4) who had suffered high impact trauma in their lower 

Figure 10. 
Pulaski and Tennison’s Rules of Nines.
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limbs (Figure 9) and who were treated at Hospital Alemán in the city of Buenos Aires. 
All of them were females with ages ranging from 19 to 73 years (median: 32 years). All 
of their lesions belonged to Group 4 of Benaim’s severity classification and ranked as 
full-thickness burns in Benaim’s depth classification [18]. The affected body surface 
was calculated based on the rule of nines described by Pulaski and Tennison in 1949 
[19] (Figure 10) with the following results: 8% in the 19-year-old patient, 24% in the 
22-year-old, 28% in the 43-year-old, and 8% in the 73-year-old (Table 4).

In all cases, escharectomy was performed on fascia within the first 48 h of the 
accident. Immediately afterward, the wounds were covered with cadaver skin from 
the tissue bank. Over the next 5–9 days, epidermolysis was observed (i.e., spontane-
ous removal of the epidermis), as well as vascularization and arrest of the homolo-
gous dermis on the receptor bed. In the second stage, the artificial skin was placed 
on the built-in vascularized homologous dermis. Once the artificial skin had been 
placed, we waited for 21 days before removing the silicone layer and completing the 
third and last surgical stage with the placement of a 1/4-thick autograft, obtained 
with an electric dermatome, over the heterologous vascularized neodermis. Figure 11 
illustrates the procedure we followed and the results we obtained.

We used a grid of manual design to evaluate the arrest of the cadaver and artificial 
skin (expressed in percentages). The arrest of the cadaver skin was of 95% and the 
placement of the heterologous matrix with an ultrathin autograft was of 94%. The 
average hospital time was 46 days. No major complications were present, but only 
minimal difficulties belonging to grades 3b, 4, and 5 of the Dindo and Clavien table 
[20] (Table 7). After a year of follow-up, we observed that favorable functional results 
had been obtained in highly complex articular areas such as ankles or knees due to the 
contribution of homologous and heterologous matrixes that provided adequate scaf-
folding. With respect to the esthetic results, no depression of the covered surfaces was 
observed with respect to the adjacent normal dermal tissue. Furthermore, there was no 
evidence of pathological scarring (such as keloids or hypertrophic scars).

Grade Definition

Grade 1 Any deviation from the normal postoperative course without the need for pharmacological 
treatment or surgical, endoscopic, and radiological interventions
Allowed therapeutic regiments are: drugs and antiemetics, antipyretics, analgetics, diuretics, 
electrolytes, and physiotherapy. This grade also includes wound infections opened at the 
bedside

Grade 2 Requiring pharmacological treatment with drugs other than such allowed for grade 1 
complications. Blood transfusions and total parenteral nutrition are also included

Grade 3 Requiring surgical, endoscopic, or radiological intervention

Grade 3a Intervention not under general anesthesia

Grade 3b Intervention under general anesthesia

Grade 4 Life-threatening complications including brain hemorrhage, ischemic stroke, subarachnoid 
bleeding, and central nervous system complications (but excluding transient ischemic 
attacks) requiring intermediate care or intensive care unit management

Grade 4a Single organ dysfunction (including dialysis)

Grade 4b Multiorgan dysfunction

Grade 5 Death of a patient

Suffix “d” If the patient suffers from a complication at the time of discharge, the suffix “d” (for 
“disability”) is added to the respective grade of complication. This label indicates the need for 
a follow-up to fully evaluate the complication

Table 7. 
Dindo classification of surgical complications.
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Figure 11. 
(1) Escharectomy, (2) cadaver skin, (3) vacuum system, (4) epidermolysis, (5) neovascularized homodermis, 
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limbs (Figure 9) and who were treated at Hospital Alemán in the city of Buenos Aires. 
All of them were females with ages ranging from 19 to 73 years (median: 32 years). All 
of their lesions belonged to Group 4 of Benaim’s severity classification and ranked as 
full-thickness burns in Benaim’s depth classification [18]. The affected body surface 
was calculated based on the rule of nines described by Pulaski and Tennison in 1949 
[19] (Figure 10) with the following results: 8% in the 19-year-old patient, 24% in the 
22-year-old, 28% in the 43-year-old, and 8% in the 73-year-old (Table 4).

In all cases, escharectomy was performed on fascia within the first 48 h of the 
accident. Immediately afterward, the wounds were covered with cadaver skin from 
the tissue bank. Over the next 5–9 days, epidermolysis was observed (i.e., spontane-
ous removal of the epidermis), as well as vascularization and arrest of the homolo-
gous dermis on the receptor bed. In the second stage, the artificial skin was placed 
on the built-in vascularized homologous dermis. Once the artificial skin had been 
placed, we waited for 21 days before removing the silicone layer and completing the 
third and last surgical stage with the placement of a 1/4-thick autograft, obtained 
with an electric dermatome, over the heterologous vascularized neodermis. Figure 11 
illustrates the procedure we followed and the results we obtained.

We used a grid of manual design to evaluate the arrest of the cadaver and artificial 
skin (expressed in percentages). The arrest of the cadaver skin was of 95% and the 
placement of the heterologous matrix with an ultrathin autograft was of 94%. The 
average hospital time was 46 days. No major complications were present, but only 
minimal difficulties belonging to grades 3b, 4, and 5 of the Dindo and Clavien table 
[20] (Table 7). After a year of follow-up, we observed that favorable functional results 
had been obtained in highly complex articular areas such as ankles or knees due to the 
contribution of homologous and heterologous matrixes that provided adequate scaf-
folding. With respect to the esthetic results, no depression of the covered surfaces was 
observed with respect to the adjacent normal dermal tissue. Furthermore, there was no 
evidence of pathological scarring (such as keloids or hypertrophic scars).

Grade Definition

Grade 1 Any deviation from the normal postoperative course without the need for pharmacological 
treatment or surgical, endoscopic, and radiological interventions
Allowed therapeutic regiments are: drugs and antiemetics, antipyretics, analgetics, diuretics, 
electrolytes, and physiotherapy. This grade also includes wound infections opened at the 
bedside

Grade 2 Requiring pharmacological treatment with drugs other than such allowed for grade 1 
complications. Blood transfusions and total parenteral nutrition are also included

Grade 3 Requiring surgical, endoscopic, or radiological intervention

Grade 3a Intervention not under general anesthesia

Grade 3b Intervention under general anesthesia

Grade 4 Life-threatening complications including brain hemorrhage, ischemic stroke, subarachnoid 
bleeding, and central nervous system complications (but excluding transient ischemic 
attacks) requiring intermediate care or intensive care unit management

Grade 4a Single organ dysfunction (including dialysis)

Grade 4b Multiorgan dysfunction

Grade 5 Death of a patient

Suffix “d” If the patient suffers from a complication at the time of discharge, the suffix “d” (for 
“disability”) is added to the respective grade of complication. This label indicates the need for 
a follow-up to fully evaluate the complication

Table 7. 
Dindo classification of surgical complications.
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4. Conclusions

The goal of any healing process is not only that the scar does not bring about func-
tional disruptions, but also that it is as inconspicuous as possible. Patients of both cos-
metic and reconstructive surgery expect scars that do not stand out from the normal 
surrounding skin, yet there is no consensus among medical practitioners as to which 
healing methods can achieve both functional and esthetic goals most effectively. In 
this chapter, we have accounted for two studies carried out at Hospital Alemán in the 
city of Buenos Aires, the promising results of which may help practitioners arrive at a 
standard for treating scars resulting from cosmetic and reconstructive surgery.

Regarding postcosmetic surgery scars, we have tested the progress of the scars of 
32 patients, each having two postsurgical scars that were treated with two differ-
ent creams. The results of our research show that performing a topical treatment 
with a cream that contains silver sulfadiazine, vitamin A, and lidocaine from the 
onset of the treatment decreases the size of the wound more quickly, improves the 
quality of the scar and the patient’s perception of it. These findings contrast with 
the less positive outcome of the scars treated with a moisturizing cream without 
active ingredients [23]. Thus, we conclude that using creams with active ingredients 
should be promoted as a common practice.

In turn, in our study related to reconstructive surgery, we followed the progress 
of four patients whose massive skin loss was treated with a combination of artificial 
and cadaveric dermal substitutes. Using modern biotechnology to reconstruct 
damaged structures and to provide a new extracellular matrix constitutes the 
greatest breakthrough in reconstructive surgery of recent times. The development 
of homografts and artificial skin has allowed professionals to accelerate healing 
by covering wounds transitorily or permanently. At the same time, they work as a 
barrier against infections, help maintain the hydroelectrolytic balance [24], and 
improve esthetic and functional results. As we explained in the previous section, 
the quality of the scar and the properties of the neodermis depend on the use of an 
appropriate extracellular matrix [25].

As part of our research, we assessed the progress of the four patients’ scars, focus-
ing on such characteristics as color, thickness, volume, and pain, as well as on the 
restoration of function at affected sites. We noted positive outcomes in all evaluated 
parameters, which points at the advantages entailed in implementing this technique. 
Moreover, the number of hypertrophic scars was lower than the average. Our method 
fulfilled the ultimate goal of tissue engineering, namely, to restore damaged or lost tis-
sue in traumatic wounds that result in a functional barrier, providing, at the same time, 
for rapid closure to prevent dehydration and bacterial infection. As attested by our 
results, the advantages of combining both dermal substitutes include better functional 
and esthetic outcomes, pain relief, and enhancement of the overall quality of the scar.

All in all, the results of both studies are indicative of the direction that modern scar 
treatment can take in order to achieve the desired goals in both cosmetic and recon-
structive surgery. In the case of the former, achieving an esthetically pleasing scar has 
long been recognized as a fundamental requirement of a successful intervention. Here, 
the most optimal results can be achieved if wound treatment and care are initiated 
early. However, the esthetic factor should not be limited to this type of procedures. 
Our work on reconstructive surgery centers around the concept that such surgery 
should not only merely aim at “rebuilding” but also at obtaining the best functional 
and esthetic outcome with the least possible number of interventions. Recent advances 
in biotechnology offer us effective skin substitutes, which can be combined so as to 
achieve a better evolution of the wounds. [26] Such improved esthetic and functional 
results in posttraumatic reconstructive surgery ensure an ad integrum recovery of the 
affected areas, which, ultimately, enhances the quality of patients’ lives.
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