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Abstract

Hypertrophic scar, which can be seen even after minor burn injuries, is a common compli-
cation and generally develops within 6-8 weeks following reepithelization. Hypertrophic
scar/keloid is often seen when the injury affects the reticular dermis and, in particular,
after a deep dermal or full thickness burn. There are various options used in the treat-
ment of burn scar. The purpose of this chapter is to provide the reader a brief information
on the conservative treatment methods used in burn scar treatment.

Keywords: burn injury, hypertrophic scar, keloid, burn scar, conservative treatment

1. Introduction

Animals developed a generally well-functioning pathway in the healing of damaged tissues.
While some species have the ability to regenerate damaged or missing tissues, it is rare for
people. Only the epidermis has full regeneration capacity, after the second trimester of fetal
development, so any damage involving the dermis always heals with a scar. In humans,
wounds usually heal with a normal scar, and hypertrophic scar process is not common. In
some cases, the scar overcomes the original injury and results in the lesion known as keloid.
Both hypertrophic scars and keloids cause a significant discomfort and malformation.

Although we believe that the word of “keloid” was first used by Aliberti in the nineteenth cen-
tury, there were hypertrophic scar and keloid definitions among ancient Egypt hieroglyphs [1].

1.1. Epidemiology

Keloid and hypertrophic scars can occur all over the world and in all skin types. The risk of
keloid formation increases as the skin color becomes darker, and the incidence of keloid in
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the Black population was found as high as 16%. Keloid develops equally in both men and
women. Although reported in all ages, it is rare in young children and elderly people. It is
thought that there is a familial predisposition for hypertrophic scarring and keloid develop-
ment. Although previous reports have implied an autosomal recessive inheritance pattern, an
autosomal dominant transition with incomplete clinical penetrance and variable expression
was considered in a recent review. Two rare syndromes involving spontaneous keloid devel-
opment are Rubinstein-Taybi and Goeminne syndromes [2, 3].

1.2. Pathogenesis

The pathogenesis of hypertrophic scarring and keloid formation is unknown. In patients with
hypertrophic scars and keloids, wound healing process shifts in a different direction than nor-
mal, and spontaneous involution does not generally occur. Its cause is unknown, but events
such as infections, extreme wound tightness, and foreign bodies that are known to trigger for
inflammation have been emphasized in the keloid development.

Melanocytes may play a role in the development of hypertrophic scar, because keloids have
not been reported in patients with oculocutaneous albinism and keloids are more common in
dark-skinned individuals. Mast cells are found intensely in hypertrophic scars and keloids.
Mast cell mediators regulate collagen synthesis and are known to contribute to excessive
accumulation.

Transforming growth factor-B (TGF-B) appears to be another molecule that causes scarring
and keloid formation, because both transforming growth factor-B (TGF-B)-1 and TGF-B-2 are
produced more from fibroblasts in keloid tissue than in normal fibroblasts [1-5].

1.3. Clinical features

Hypertrophic scars and keloids have many common features. Both are rough, often painful,
itchy, pink-purple lesions. The epidermis is typically flat and the dermal part of the lesion is
felt hard with palpation. Hypertrophic scars and keloids are malformed and may prevent nor-
mal movement of the surrounding tissues. Hypertrophic scars and keloids may appear any-
where of body, but especially ear lobe, upper part of body, and deltoid region are more risky
areas. On the other hand, keloids are rare in the middle of the face, eyelids, and genital area.

Although hypertrophic scars and keloids usually appear after a trauma, they can also develop
spontaneously. Before the onset of hypertrophic scars and keloids, various skin injuries such
as acne, infection, burns, and piercing can be found. Clinical findings of lesions distinguish
hypertrophic scars from keloids. Although hypertrophic scars remain in the area of original
damage and tend to regress progressively over time, keloids tend to slowly heal in the middle
parts, but tend to invade the surrounding tissues [1, 2].

1.4. Pathology

Both hypertrophic scars and keloids have increased cellularity, vascularity, and connective
tissue compared to normal skin and normal scar. Hypertrophic scars include myofibroblasts,
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small vessel walls, and nodules with fine collagen fibrils. Over time, these nodules become
thinner and the collagen bands become parallel to the skin surface. Keloids are histologically
characterized by large, thick collagen fibers composed of numerous, firmly attached fibrils.
An ultrastructurally amorphous extracellular material surrounds the fibroblastic cells in the

keloid [5].

1.5. Hypertrophic scar-keloid and burn injury

Hypertrophic scarring/keloid is often seen when the injury affects the reticular dermis and, in
particular, after a deep dermal or full thickness burn.

Severe burns caused high mortality rates in the past. The development of specialized burn
centers and advances in treatment options have led to more survivors of the burn victim. Due
to long hospitalization periods and deprivation of daily physical activity, burn patients suf-
fer from problems such as reduction in muscle strength, limitation of joint movements, and
decrease in fitness level. Moreover, hypertrophic scarring, which can be seen even after minor
burn injuries, is a common complication and generally develops within 6-8 weeks following
reepithelialization. Although children are particularly susceptible to hypertrophic scarring
due to the rapid nature of their cell formation, burn scars are common both in children and
adults and can result in extensive skin damage [6-8].

There are many different options used in the treatment of burn scar. The purpose of this chap-
ter is to provide the reader a brief information on the conservative treatment methods used
in burn scar treatment.

2. Conservative treatments

* Pressure therapy

e Silicone gel therapy
* Hydration

¢ Ultrasound

¢ Electroacupuncture
* Onion extract

* Massage therapy

¢ Combined therapy

2.1. Pressure therapy

Formation of hypertrophic scar (HS) is a common undesirable consequence of trauma direct-
ing to the skin [6]. A classical scar is in red-pink or purple color, rigid, and raised and usually
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together with pain and/or itchiness. Hypertrophic scar that significantly disrupts normal skin
functions may lead to further restriction of daily activities [6, 7] and psychosocial troubles
among the patients [8-14].

Pressure therapy is considered as the first-line treatment option in improving the appearance
of hypertrophic scar and reducing the rate of maturation. The general application way of pres-
sure therapy is pressure garments [11-13]. Pressure therapy, dating back to Ambroise Pare in
the sixteenth century, is a treatment that has been used for a long time by different methods.
But, the popularity of pressure therapy for hypertrophic burn scars has been increased after
successful results with this therapy reported from the Shriners Galveston Burn Hospital. In
1971, burn hospital team from Galveston declared a decrease in hypertrophic scar formation
rate after thermal injury with pressure therapy application [13-17].

So far, the mechanism of action of pressure therapy has remained theoretical, and the effi-
cacy and benefits of pressure garments are still a mystery. The optimal pressure level is also
still a controversial topic. Theoretically, the minimum pressure to be applied during pressure
therapy should be greater than the capillary pressure, meaning that the pressure should be at
least 24 mmHg or more. But, there are studies in which 5-15 mmHg pressure was applied and
successful clinical results such as less itching, better appearance of the scar, and so on were
observed [18]. On the other hand, it was reported that paresthesia and maceration may occur
shortly after application of high levels of pressure (over 40 mmHg) [19].

It was showed in studies that application of pressure significantly decreases the thickness
of hypertrophic scar and the number of surgical procedures needed for correction. It is still
unclear how the pressure has reduced the scar thickness. It is claimed that the pressure pro-
vides the rearrangement of collagen fibers, decreases the development of whorled typed
collagen nodules, and thus, provokes the softening of scar tissue and the reduction of its
thickness [6, 11, 13]. Despite the general acceptance that pressure therapy is effective, there is
no clear consensus about the minimum effective amount of pressure. Although partially good
results with low pressure values (5-15 mmHg) were reported in previous studies, it is thought
that the higher amount of pressure provides more reduction in scar thickness [6, 11, 19]. In
their study, Candy et al. observed that high pressure (>20 to 25 mmHg) garment demon-
strated its superior effects on reducing scar thickness after 5 months treatment, leading to an
overall reduction of 40.05% in thickness and the most prominent improvement was observed
after the first month of intervention. Although scars with low pressure treatment also showed
significant improvement, for this group overall thickness reduction was 19.79% [6].

The presence of erythema has always been considered as a major marker of hypertrophic
scarring after burns. It has been shown that redness is increased in scar tissues which have
higher vascularity, determined using Laser Doppler from previous studies [6, 20, 21].
Parallel to this, a reduction in redness/erythema may imply a decrease of vascular flow to
the scar tissues [21, 22]; meaning that, the nutrient and oxygen supply for cellular activities
was reduced. Hypoxic milieu due to pressure therapy may trigger fibroblasts apoptosis pro-
cess [20-23]. Although it was reported that higher pressure (>20 to 25 mmHg) values lead
to reductions in erythema, the pressure must be at least 24 mmHg or higher to provide a
significant reduction [6, 11].
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Pressure therapy also improves the hardness of hypertrophic scar and increases pliability, but
data on this topic are quite limited [13, 24]. And finally, pressure therapy (only high pressure)
causes a significant improvement in pigmentation of scar tissue [6].

The most important problems with the use of pressure therapy are the long duration of treat-
ment and need to wear pressure garment during 14-23 h/day, which reduce the patient’s
compliance with treatment [24].

An important point to be aware of during pressure therapy is that pressure loss of the gar-
ments over time. Pressure garments lose their elasticity over the wearing period. The reason
is probably that pressure garments are usually made of spandex and nylon fabric and these
materials decrease their elasticity upon prolonged wear. Pressure loss of the garments can
lead to treatment failure, so the physician should be careful in this regard [6, 25].

2.2. Silicone gel

Hypertrophic scar emerges as a consequence of an excessive response of the skin to trauma.
Hypertrophic scar can cause pain and itching as well as cause cosmetic problems and may
restrict range of motion [26].

There is very limited evidence to show the effectiveness of treatments to reduce or prevent
scar formation. Most of the available information and recommendations are based on experi-
ence of practitioners and small scale studies. Also, there are very limited scientific data on the
long-term effects of these treatments. Nevertheless, treatments such as the use of intralesional
corticosteroid injections, silicone sheets, occlusive dressings, and custom-made pressure gar-
ments have a general acceptance [27].

The earliest known silicone gel sheet was developed by Perkins et al. for use at 6-8 weeks
after the initial injury, when the scars started to develop. Since its first use in the early 1980s,
silicone gels have a wide use in burn scar treatment. Although the mechanism of how to heal
burn scars is not yet fully understood, the noninvasive character of silicone gels makes them
easily acceptable for patients in treatment and prophylaxis of hypertrophic scars [26-28].

Studies demonstrated the effectiveness of silicone gels in the treatment of scars, but the mecha-
nism of how to heal scars and physiological effects of silicone gel are not yet fully understood. It
is believed that silicone gels affect the stratum corneum by decreasing evaporation and providing
a better hemostasis in the scar tissue. Stratum corneum on the hypertrophic scar and keloid tissue
causes more evaporation of water from the underlying tissue than in normal skin. Silicone gels
reduce evaporation and thus provide an optimal hydration in the stratum corneum. The silicone
gels may influence the stratum corneum by inhibiting mast cell activity and reducing edema,
vasodilatation, and excessive extracellular matrix synthesis, but perhaps the main mechanism
of action of gels may depend on their simpler effects such as changes in temperature, oxygen,
pressure, hydration, and tension produced by wound coverage. Another hypothesis is that static
electricity on silicone gels may cause the re- alignment of collagen deposition [26, 27, 29-31].

In studies, different types of silicone were used, such as silicone sheets (not specified), cica-
care silicone gel sheets, silastic gel sheets, Sil-K silicone, and Epiderm silicone sheets or
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Dermatix topical silicone gel in diverse patient populations. Therefore, it is not easy to assess
which kind of silicone gels is more effective and optimal [24].

In a prospective randomized clinical trial, the authors applied silicone gel sheeting (SGS)
24 hour per day for 6 months. In this study, subjects with 6-month silicone gel intervention
showed a reduction of scar thickness measured by tissue ultrasound palpation system. The
scar in the group used silicone gel was softer and more pliable as measured by The Vancouver
Scar Scale and there was reduction on pain and itchiness from patients. Although the vas-
cularity and pigmentation did not show any statistical significant difference, individuals in
the SGS groups stated that the scar became less reddish, paler, and more resembled normal
skin. When compared to the control group, patients in the SGS group also had faster rate of
recovery from pain and itchiness, but the results at the 6-month assessment were not different
between the two groups [32].

The topical silicone gel was applied twice a day and was typically worn 12-24 h a day, exclud-
ing bathing time. The duration of application varies between 12 and 28 weeks [24].

Despite the effectiveness of silicon gels, there are some limitations to their use. Patient compliance
can be low when silicone gels are used on scars on visible regions, the appearance can make them
less popular for the patient to use, and scar located near to joints, due to their potential restriction
of movements and because gels sometimes do not stay adherent on these regions.

In addition, hygiene of gels and involved skin must be considered, especially in hot climates,
to avoid irritation or rash and infections [26, 27, 32-34].

2.3. Hydration

When the wound healing reaches enough strength to tolerate skin massage, it is a routine prac-
tice to perform a scar massage with a solution that usually contains a moisturizing product
[33]. Because hydrating effect of silicone gels on the stratum corneum has been suggested as a
mechanism underlying its therapeutic effectiveness, many authors have reported the efficacy
of treatment with topical silicone gel sheet for keloids and hypertrophic scars. Additionally,
it is recommended that hydration/moisturizing of scar tissue, since transepidermal water loss
rates are higher when compared to healthy skin [24, 32, 33].

Various products, including aqueous cream BP, bees wax and herbal oil creams, silicone-
based creams, and paraffin/petroleum-based products, have been reported for use in practice
as well as in literature on scar management [35].

Aqueous cream BP, which is fragrance and color free, is a readily available and relatively
not expensive emollient production. Purified water, white soft paraffin, cetearyl alcohol and
sodium lauryl sulfate (SLS), liquid paraffin, and phenoxyethanol are carried in this formula-
tion [35].

Bees wax and herbal oil cream are the other two agents providing a greater decrease in the
symptom of itch following burn injury when compared to aqueous cream BP, especially along
with the use of antipruritic medications [35, 36].
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Different formulations, including silicone- and petroleum-based products (such as vaseline),
are applied by burns units around the world with their selection appearing to be based on
historical practice, clinical experience, and because patients have confidence in such treat-
ments [36].

Although the need for scar tissue hydration is supported by almost all researches because of
the enhanced transepidermal water loss rates compared to healthy skin, information and lit-
erature on the ideal composition of moisturizers for burn scar treatment are quite limited [24].

2.4, Ultrasound

Tissues with high collagen content such as scar tissue show a high attenuation for ultrasound
energy. It has been reported that topical therapeutic ultrasound application to scar tissue
causes a temperature rise in scar tissue, which provides an increase in the elasticity of col-
lagen and thus enlarges the range of motion. It is also declared that application of topical
ultrasound improves the pain seen in scars [24, 37-39].

But, in their randomized placebo controlled double blind study, with a low overall bias rating
score, Ward et al. found no significant intergroup results on range of motion and pain [37].

2.5. Electroacupuncture

Cuignet et al. designed a study to observe the effects of a combination of manual (MA) and
electro-acupuncture (EA) on the pain scores and on the sensory thresholds of the nociceptive
pathways in patients presenting with pathological burn scars (PPBS). And, at the end of the
study, they demonstrated that EA combined to MA reduces the pain scores of patients suffer-
ing from pain associated with burn scar. Using quantitative sensory testing (QST), they con-
firmed that the pain of PPBS comes from a peripheral hyperalgesia eliminated by E/MA. And,
they also observed a significant relief of pruritus after E/MA [40].

2.6. Onion extract

It was reported that, in a study with 120 Asian patients, onion extract decreased the rate of
scar formation in dark-skinned patients receiving laser treatment of tattoos, and the enhance-
ment in width of scar after thoracic surgery was less for onion extract-treated fresh scars than
in untreated scars after 1 year of treatment. On the other hand, in a side-by-side, random-
ized, double-blinded, split-scar study, scar cosmesis or symptomatology did not show any
improvements with application of onion extract gel, when compared with standard therapy
in the management of postoperative wounds [41, 42]. It is thought that the effect of onion
extract therapy on decrease in scar height may increase when used with occlusive silicone
dressing [43]. In a randomized controlled trial with 60 patients of median sternotomy, the
combination of onion extract and silicone products was seen effective in the prevention of
hypertrophic scar formation. Onion extract is also effective in burn scars. It was observed
that combination of onion extract and silicone gel provided good results in 45 patients with
postburn hypertrophic scar [44, 45].
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2.7. Massage therapy

Hypertrophic scar development is a common complication after burn injury and the incidence
is up to 77%. The existence of hypertrophic scar after a burn trauma may lead to many physi-
cal and psychological impairments, including pruritus, increased pain levels, scar contracture
and limited ROM, elevated anxiety levels, and decreased health-related quality of life [46].

Massage therapy is a non-surgical conservative method that is used to reduce the negative results
of hypertrophic scar after burn injuries [47]. The aim of massage therapy is to produce relaxation,
reduce the pain, or improve circulation with the manipulation of the skin and underlying tissues
with varying degrees of hand pressure. Classical massage consists of movements such as petris-
sage (kneading), effleurage (stroking and gliding), and tapotement (percussion). But, in different
burn rehabilitation centers, many kinds of massage techniques are applied [47, 48].

Scar massage has various positive clinical utilities in scar management including decreased
scar thickness, decreased pruritus, decreased pain and skin sensitivity, increased scar pliabil-
ity and range of movement, and decreased anxiety [46].

Severe itching/pruritus is a common complication after burn injuries, especially in patients
who have wounds on leg and arm, and the incidence in adult patients is up to 87%. Itching is
not just itching and usually associated with disruption of daily living activities, anxiety and
sleep disturbance. Pain is another common complication after burn trauma. Pain and related
conditions such as depression and anxiety may influence the wound healing process and
consequently adversely affects the patient’s functioning. In patients who have been exposed
to burn trauma, alternative or complementary treatments may be beneficial in the decrease
of itching or pain, and these applications are not widely used. The research has shown that
massage therapy reduces various types of pain [49].

A possible mechanism of the pain relief effect of the touch may be through the gate theory. Gate
theory expresses that pain can be relieved by pressure or cold application. Since receptor fibers-
related pressure and cold stimuli are larger and more myelinated, they reach the brain receptors
more rapidly and close the gate before the smaller, less myelinated pain fibers reach the brain
receptors. Massage therapy has been also showed to lessen anxiety and stress hormone levels in
burn patients and provides an improvement in redness, pruritus, lichenification, scaling, and exco-
riation. Increased vagal activity, which may enhance more relaxation and decrease the peripheral
vasoconstriction associated with sympathetic activity, provided by massage therapy may be the
potential mechanism for reducing stress and improving other skin findings mentioned above [49].

Additionally, it is showed that massage therapy has some mechanical effects associated with
an improvement in venous return and lymphatic drainage. Moreover, massage therapy stim-
ulates movement between muscle fibers, which results in more fluid muscle movement. In
their randomized controlled trial, Cho et al. reported that massage therapy affects the scar
thickness, scar elasticity, scar melanin and erythema, and scar transepidermal water loss
(TEWL) positively as well as reducing pain and itching [50].

In summary, findings from studies show that scar massage is effective in improving scar
height, vascularity, pliability, pain, pruritus, and depression in patients with hypertrophic
scarring as a result of burn injury [46-50].
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2.8. Combined therapy

Among the conservative therapies, the most common options used as a combination treat-
ment for burn scars are pressure therapy and silicone gel therapy. Since the mechanisms of
action of silicone gels and pressure therapy are complementary to each other, it appeared to
be evident that the combined therapy of silicone and pressure would give mixed and more
effective results [24].

Pressure therapy has been used since the early 1970s as a conservative method in hyper-
trophic scar prevention or treatment and usually applied in the forms of garment or
dressing. It was reported that pressure therapy has potential to prevent hypertrophic scar
formation or limited its maturation and consequently to provide a better appearance of
scars. Pressure therapy can reduce itching and pain as well as improve the appearance
of scars.

Although how pressure therapy prevents the formation or maturation of hypertrophic scar
has not yet been fully elucidated, the pressure caused by the pressure garments which is
thought to reduce blood flow, oxygen, and nutrient support to the scar tissue can diminish
collagen synthesis. Because of the mechanical load effect of the pressure therapy on the scar
zone also leads to the rearrangement of the collagen fibers, thickness of scar tends to reduce
and scar tissue becomes more pliable [18, 22, 24].

Silicone gels have been used as a conservative method in the treatment of hypertrophic
scar since 1980. It is thought that silicone gels diminish evaporation, provide a better
homeostasis, reduce edema and vasodilatation, inhibit activity of mast cells, prevent
excessive extracellular matrix formation, form a pressure on scar zone, and hydrate the
scar tissue [26, 51].

In some previous studies, it was showed that combination of pressure therapy and silicone
gel therapy is more effective in reduction of scar thickness, pliability, pigmentation, pain,
and pruritus than the use of these treatments alone. Furthermore, it was reported that com-
bination therapy provided an earlier response to these scar parameters. On the other hand,
in some other studies, no significant different results were found between combination and
non-combination groups [51, 52].

The general view is that combined treatment with both pressure therapy and silicone gels
should be implemented on hypertrophic scar to enhance the effectiveness of treatments and
reduce the duration needed for treatment [51].
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