
123

REVIEW

Nonsurgical Management of Hypertrophic Scars: Evidence-Based
Therapies, Standard Practices, and Emerging Methods

Bishara S. Atiyeh

Received: 8 December 2006 / Accepted: 5 January 2007 / 

� Springer Science+Business Media, LLC 2007

Abstract Hypertrophic scars, resulting from alterations

in the normal processes of cutaneous wound healing, are

characterized by proliferation of dermal tissue with

excessive deposition of fibroblast-derived extracellular

matrix proteins, especially collagen, over long periods, and

by persistent inflammation and fibrosis. Hypertrophic scars

are among the most common and frustrating problems after

injury. As current aesthetic surgical techniques become

more standardized and results more predictable, a fine scar

may be the demarcating line between acceptable and

unacceptable aesthetic results. However, hypertrophic scars

remain notoriously difficult to eradicate because of the high

recurrence rates and the incidence of side effects associated

with available treatment methods. This review explores

the various treatment methods for hypertrophic scarring

described in the literature including evidence-based thera-

pies, standard practices, and emerging methods, attempting

to distinguish those with clearly proven efficiency from

anecdotal reports about therapies of doubtful benefits while

trying to differentiate between prophylactic measures and

actual treatment methods. Unfortunately, the distinction

between hypertrophic scar treatments and keloid treatments

is not obvious in most reports, making it difficult to assess

the efficacy of hypertrophic scar treatment.
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Cutaneous wounds inevitably heal with scars. For some

individuals, the normal wound-healing process becomes

derailed, resulting in an overabundance of scar tissue [17,

138]. Moreover, individuals with deep burn injuries are at a

high risk for hypertrophic scarring, which is a serious cause

of long-term impairment and disability [64]. Hypertrophic

scars, often viewed as aesthetically displeasing [17], are

among the most common and frustrating problems after

injury, causing functional and cosmetic deformities, dis-

comfort, itching, pain, psychological stress, and patient

dissatisfaction, possibly affecting joint range of movement

and reducing functional performance [17, 18, 154, 208].

The quality of life experienced by patients with keloid and

hypertrophic scarring also can be impaired [29].

Hypertrophic scars, resulting from alterations in the

normal processes of cutaneous wound healing, are

characterized by proliferation of dermal tissue with

excessive deposition of fibroblast-derived extracellular

matrix (ECM) proteins, especially collagen, over long

periods, and by persistent inflammation and fibrosis [122,

173, 188]. In the normal healing process after reepitheli-

alization, the decrease in cellularity during the transition

between granulation tissue and scarring is mediated by

apoptosis and remodeling of ECM [59]. However, during

hypertrophic scar formation, the granulation tissue does not

regress, and the alpha smooth muscle actin-expressing

myofibroblasts, the main cellular type observed in this

tissue, are activated, producing excess ECM [173] and

resulting in scar tissue that is red, raised, and rigid [5].

Although genetic makeup, regional variations, and age

can influence the final result, the greater the insult, in

general, the worse is the scarring [138]. It is estimated that

hypertrophic scars affect 1.5% to 4.5% of the general

population. However, the exact prevalence of hypertrophic

scarring, particularly after burn injury, really is unknown
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[30], although some studies report a high prevalence,

ranging from 32% to 67%. These studies also document a

higher prevalence of hypertrophic scars in nonwhite indi-

viduals and higher rates of scarring in children [30, 64].

Currently, patients are expecting better outcomes from

wound care [178], and wound management is increasingly

important to the avoidance of excessive scar formation,

especially in populations with Fitzpatrick 3 or higher skin

types [178].

As current aesthetic surgical techniques become more

standardized and results more predictable, a fine scar may

be the demarcating line between acceptable and unac-

ceptable aesthetic results [211]. However, hypertrophic

scars remain notoriously difficult to eradicate because of

the high recurrence rates and the incidence of side effects

associated with available treatment methods [5].

Medical science and industrial development are devot-

ing more effort to understanding and offering better ther-

apy to control scars. However, advances in scar

management have been hampered by the confusing or

ambiguous terminology. There is no consensus on what

amount of posttraumatic skin scar formation is ‘‘normal’’

and what should be considered ‘‘hypertrophic’’ [178].

Moreover, the persistent confusion with all forms of

pathologic scars considered as one entity although hyper-

trophic scars and keloids clearly are separate entities [15] is

making single uncontrolled studies about scar management

almost impossible to evaluate [142].

In addition to the fact that the pathogeneses of the two

conditions are different, a genetic predisposition plays a

strong role in keloid formation [206, 211]. As early as

1970, Peacock et al. [159] defined hypertrophic scarring as

a scar raised above the skin level that stays within the

confines of the original lesion and a keloid as a scar raised

above skin level that proliferates beyond the confines of the

original lesion [42, 71, 148] (Figs. 1 and 2). Nevertheless,

clinical differentiation between hypertrophic scars and

keloids can be problematic [142]. This results in inappro-

priate management of pathologic scar formation, and

occasionally contributes to inappropriate decision making

related to elective or cosmetic surgery [178].

Numerous methods have been described for the treat-

ment of keloids and hypertrophic scars, but to date, the

optimal treatment method has not been established [181].

However, it must not be overlooked in discussions of scar

management that it is important to differentiate between

keloid and hypertrophic scars [206, 211]. Undoubtedly, an

understanding of the cellular and molecular events impli-

cated in the development of these fibroproliferative disor-

ders will allow for optimization of wound healing [202]

and subsequent scar management.

Considerable advances have been made in our under-

standing about the fundamental biology of scarring. As

research methods become increasingly sophisticated, it will

be even more crucial to characterize source material

extensively, recognizing major differences not only be-

tween the keloid and the hypertrophic scar, but also among

scars in varying stages of maturation and among histo-

morphologic, biochemical, and molecular variations within

individual scars [39].

Because phases of scar evolution can be protracted, and

because a tremendous range exists between the scar that

becomes hypertrophic in the first few months, then com-

pletely resolves with little or no treatment, and the more

severe hypertrophic scar that becomes permanently dis-

figuring, there also is tremendous confusion regarding what

constitutes prophylaxis in contradistinction to actual

treatment [142].

It has been stated that the transition from prophylaxis to

a treatment regimen takes place when a true hypertrophic

scar or keloid, and not an immature scar, is diagnosed, and

that conceptually and practically, treatment and prevention

regimens can be similar [142]. However, detailed patho-

physiologic study of pathologic scarring invariably leads to

the conclusion that prophylactic management is preventive

and should be applied immediately after wound healing

and full epithelialization. Prevention implies the use of a

therapeutic method aimed at reducing the risk of a problem

scar evolving [13, 14, 16, 142]. This is totally different

from actual treatment of pathologic scarring irrespective of

Fig. 1 Hypertrophic scars secondary to deep second-degree burn

injury
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the scar stage at which the treatment is being applied be-

cause the actions of wound-healing cytokines and cellular

mechanisms involved in the early phases of healing may be

totally different from the actions and mechanisms in sub-

sequent stages.

Definitely, it is much more efficient to prevent pathologic

scars than to treat them [13, 14, 16, 142]. Needless to say,

early diagnosis of a problem scar can have a considerable

impact on the outcome [142]. Furthermore, the efficacy of

any treatment method depends invariably on the stage of

wound evolution for which the treatment is being initiated.

As our knowledge about wound healing is expanding, it is

clear now that prophylaxis and treatment should be, and in

fact are, conceptually different.

Scars usually develop 6 to 8 weeks after reepitheliali-

zation, and a period of at least 6 to 18 months is required for

their maturation [58]. It has been well proven that delayed

wound healing results in unsightly hypertrophic scars [2].

Prophylactic treatment thus aims at accelerated wound

healing [2, 14] under optimal conditions and at downregu-

lating the persistent synthesis of proinflammatory/fibro-

genic cytokines such as interleukin-1-beta, tumor necrosis

factor-alpha (TNF-a), platelet-derived growth factor, and

transforming growth factor-beta (TGF- b) from inflamma-

tory cells [75, 173], leading to improved scarring.

Currently, new therapies designed to minimize scarring

and accelerate wound healing after burn injury or any other

type of injury rely on the optimization of systemic condi-

tions, early wound coverage, and closure of lacerations and

surgical incisions with minimal trauma to the surrounding

skin [138]. These therapies augment three main treatment

methods thought to have a beneficial influence on the

aesthetic outcome of scars: wound support, hydration, and

hastened maturity of scars [17, 211]. However, in most

areas, but primarily in the area of burn scar management,

the literature lacks strong evidence to support the usual

standard of care interventions for rehabilitation [29, 64],

particularly for the treatment of hypertrophic scarring [64].

Physicians need to identify different types of skin scars and

treat them appropriately because misdiagnosis and mis-

management of scars can be costly for both the patient and

the physician [21]. It is important also for practicing phy-

sicians and surgeons to know the full range of techniques

available to control scar formation, and for any medical

intervention to be planned such that potential problems are

caught and minimized or even avoided [199].

A wide variety of treatments have been advocated for

hypertrophic scars and keloids including surgical excision

and/or grafting, occlusive dressings, topical and intrale-

sional corticosteroids, interferon, cryosurgery, radiation,

pressure therapy, laser therapy retinoic acid, and silicone

gel sheeting [5, 27, 143] as well as a multitude of extracts,

topical agents, and other promising, lesser known therapies

directed at collagen synthesis [5, 13, 27, 35, 97, 128, 143,

182]. Unfortunately, the aspect of the usual interventions

for the rehabilitation of burns and other major injuries that

causes the most concern is treatment for hypertrophic

scarring not supported in the available literature with

strong evidence [64].

The current review explores the various treatment

methods for hypertrophic scarring described in the litera-

ture including evidence-based therapies, standard practices,

and emerging methods. An effort is made to distinguish

between those with clearly proven efficiency and anecdotal

reports about therapies of doubtful benefits as well as be-

tween prophylactic measures and actual treatment methods.

Unfortunately, the distinction between hypertrophic scar

treatments and keloid treatments is not obvious in most

Fig. 2 Keloid complicating a

surgical otoplasty scar
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reports, making an accurate assessment of hypertrophic

scar treatment efficacy difficult to ascertain.

Pressure Garments

Although pressure was described for the treatment of

hypertrophic scars as early as the 16th century [123], and

although pressure therapy often is prescribed, few con-

trolled studies have examined its effectiveness in prevent-

ing or treating hypertrophic scarring [30]. Pressure therapy

did not become popular until the reports from Larson et al.

[112, 113] in the 1970s. Ever since that time, pressure

garments have been the mainstay of hypertrophic scar

treatment [127, 142, 197] and currently are the standard

first-line therapy for hypertrophic burn scars in many

centers [64, 142, 147, 166, 210].

Currently, elastocompression using elastic garments is

the predominant means for both the prophylaxis and

treatment of hypertrophic scars [46, 78, 79, 173] despite

controversial evidence-based data about their value in

reducing the prevalence or magnitude of scarring [30, 64,

142, 173] and despite little if any scientific evidence sup-

porting their use [78, 79]. There is no level 1 or 2 literature

to justify this form of therapy [30, 64]. In fact, studies

investigating pressure garments have found no significant

difference whether the treatment involves the use of high-

pressure garments, lower-pressure garments, or no pressure

at all [64]. Others, however, claim that pressure therapy

achieves hypertrophic scar regression success rates of 60%

to 85% [173], without any conclusive evidence.

The early development of compression treatment was

based on observed improvements of scars (i.e., increased

rate of maturation or lack of hypertrophic scar develop-

ment) under some kind of pressure in individual patients

[123, 127, 166]. Although the clinical effectiveness of

pressure therapy has never been scientifically proven, as

mentioned earlier, a large body of dermatologic/histologic,

clinical, and anecdotal or case study evidence supports its

use [79, 127, 163].

To date, the working mechanism of pressure and the

way pressure positively influences the development or

maturation of hypertrophic scars are not fully understood,

and explanations remain hypothetical [127, 173, 209]. At

this writing, the exact mechanism remains unknown [79].

However, many have researched possible mechanisms of

action, exploring the theories of hypoxia, biochemical

changes, and cellular and collagenous influences [79].

Some valuable evidence suggests that pressure controls

collagen synthesis by limiting the supply of blood, oxygen,

and nutrients to the scar tissue [86, 127, 167]; reduces

collagen production to the levels found in normal scar

tissue more rapidly than the natural maturation process

[167]; encourages realignment of collagen bundles already

present [127, 163, 210]; restores in part the ECM organi-

zation observed in normal scarring; and induces the dis-

appearance of fibrogenic alpha smooth muscle actin-

expressing myofibroblasts and vascular cells, probably by

apoptosis [51]. However, available data also suggest a role

for prostaglandin E2 in the process of hypertrophy remis-

sion induced by pressure therapy [172].

Studies have demonstrated that mechanical compression

also acts directly to modulate the remodeling phase of

wound healing, altering the release and activity of matrix

metalloproteinase MMP-28 in hypertrophic scars and

inducing a significant reduction of the protein presence in

hypertrophic scar keratinocytes [168]. It also has been sug-

gested that pressure acts by accelerating the remission phase

of the postburn reparative process [51].

All these effects may hasten scar maturation, reducing

the incidence of contractures and negating the need for

surgical intervention [210]. It is accepted also that appli-

cation of pressure commonly alleviates the itchiness and

pain associated with active hypertrophic scars [121, 127].

Currently, pressure garments are used as treatment for

established hypertrophic scars and as a prophylactic for

wounds requiring more than 10 to 14 days to heal spon-

taneously or those requiring grafts [49, 127, 177]. Much of

the difficulty in scientifically assessing the efficacy of

pressure garments lies in the current difficulty of objective

scar assessment and the current lack of scientific evidence

for details such as what pressures are effective, when to

apply pressure, and for how long [79]. The amount of

effective pressure generated by a given pressure garment

also still is unknown and remains controversial [79, 209].

Problems of pressure loss of the garments over time and

problems with compliance of the patients using the gar-

ments are yet other factors complicating the entire issue

[46, 100, 209].

Recommendations for the amount of pressure and the

duration of the therapy are based merely on empirical

observations [209]. Currently, many authors recommend

pressures of 20 to 40 mmHg [79, 158]. In general, pres-

sures that exceed 24 mmHg are required to overcome

capillary pressure [209]. This is based theoretically on the

arterial capillary closing pressure of 25 mmHg rather than

on any scientific evidence [46]. However, good clinical

results (e.g., better appearance of the scar, less itching)

have been reported with pressure levels as low as 5 to 15

mmHg [209, 210]. Yet it also is claimed that 15 mmHg is

necessary to accelerate the maturation process and that

effects of pressure below 10 mmHg are minimal. With

pressures above 40 mmHg, maceration and paresthesia

may occur [46, 167, 209].

Pressure garments, in general, generate a 9- to 90-

mmHg increase in subdermal pressures, depending on the

Aesth Plast Surg (2020) 44:1320–1344 1323
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anatomic site, with a mean pressure increase of 22 mmHg

through the skin into the subdermis [78, 79]. Garments

over soft sites generate pressures ranging from 9 to 33

mmHg. Over bony prominences, the pressures range from

47 to 90 mmHg [78]. Anatomic zones with a small radius

of curvature generate more pressure than those with a large

radius of curvature. Similarly, positive radii and convex

surfaces generate more pressure than concave surfaces with

negative radii. This is explained geometrically by the La

Place law, which states that pressure (for a given tension) is

inversely related to the radius of the curvature [79], and by

Cheng’s theory that scar response and pressures are related

to compliance of the underlying tissues and the local ana-

tomic geometry [46, 79].

Clinically, it is known that scars in different anatomic

areas respond differently to pressure garments [79, 120].

Although this effect has not been fully explored, findings

have shown that the most important factor in determining

the effectiveness of pressure therapy is the anatomic area

[79, 177]. It is thought that this is attributable to the dif-

ferent pressures generated by the garments because of a

change in the underlying body shape and consistency [79].

Unfortunately, the data concerning areas of good scar re-

sponse are not sufficiently detailed for a close comparison

between recorded pressures in specific anatomic zones and

the areas of clinical response. However, it can be said that

areas of good clinical response generally correlate posi-

tively with the higher pressures generated [46, 120, 177].

Poor response areas such as flexural creases of joints and

the trunk show pressures generally lower than 10 mmHg

(respective means, 6.2 and 7.9 mmHg). Medium response

areas such as the thighs, calves, and arms show mean

pressures of 20.5 mmHg [79].

Many problems are associated with the use of pressure

garments [127]. The least of these is poor compliance with

the treatment, not exceeding 40% in most instances, due to

the lack of perceived benefits or improvement of scars or

problems with comfort, movement, appearance, or culture

[38, 96, 100, 127, 177, 198]. Much of what is traditionally

understood as ‘‘patient nonadherence’’ appears, however,

to result largely from rational choices made by patients in

the face of several difficulties they usually experience with

the current form and nature of pressure garment therapy

[198]. Discomfort from heat and perspiration, particu-

larly in warm weather, also is a serious handicap [38, 127,

177, 198]. Swelling of extremities, eczema, rashes, and

pruritus caused by pressure garments have been reported as

well. Excessive friction, blistering, ulceration, and scar

breakdown also may occur because of too much pressure

applied too soon or because of humid or hot weather,

resulting in suspension of treatment [44, 46, 119, 121, 167,

198].

Skeletal and dental deformity also has been caused by

excessive pressure applied to growing children and even

adults [69, 96, 120, 192]. Furthermore, some recent

experimental studies have indicated that the pressure ex-

erted by tight-fitting clothing adversely affects certain as-

pects of the normal physiologic balance [90, 127].

Problems inherent to the garment material and manufac-

turing such as poor quality, bulky seams, decay in pres-

sures applied by a garment over time with continuous wear,

and variability in manufacturing so that the ‘‘same manu-

facturing techniques’’ may make pressure garments that

exert different pressures for the same patient [46, 79, 127,

209] also are serious handicaps affecting the efficacy of

pressure garments. Moreover, it is not surprising that some

authors have questioned the cost–benefit of pressure ther-

apy [44, 209].

Despite overwhelming earlier reports, little sound data

exist to show that pressure garments reduce the prevalence

or magnitude of scarring. Currently, a fair body of evidence

may support their use, but it is not definitive scientific

evidence stemming from serious research [163]. A recent

study objectively shows for the first time that pressure

garments delivering a pressure of at least 15 mmHg tend to

accelerate scar maturation, with clear acceleration in scar

flattening. A significant difference in the thickness of

postburn scars has been demonstrated during the first

month of preventive treatment with garments delivering

mean pressures of 15 mmHg, as compared with scars

subjected to garments with a lower mean pressure (10

mmHg) [209].

Recently, a new balloon-compression wear that fits

complicated uneven surfaces has been described. This

garment, using air as a compression source, has a com-

pression force greater than that of sponges or supporters, is

easy to wear, and does not require tape fixation. It is

claimed that this wear is especially useful for keloids and

hypertrophic scars in the chest region [109].

To optimize pressure therapy further, studies definitely

should be undertaken to examine the changes in pressure

under dynamic circumstances, the effects of pressure on the

local vector forces in the skin, and the optimal timing and

duration of pressure therapy [79]. Similar studies investi-

gating the pressures produced by the use of custom inserts

in areas of concavities also should be performed to docu-

ment their effectiveness [79]. Such studies and objective

measurements would avoid the useless, expensive, and

frustrating wearing of ineffective garments. This is par-

ticularly true for areas known to be poorly responsive to

pressure therapy [79]. In any case, the selection of any

treatment must follow negotiation and agreement with the

patient who will be required to continue treating his scars at

home [163].

Aesth Plast Surg (2020) 44:1320–13441324
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Silicone Materials

Silicones (e.g., creams, gel sheets, silastic sheets, orthosis

garments) have become a very useful tool in the treatment

and prevention of hypertrophic scarring, especially after

burns [76, 208]. Silicone materials are synthetic polymers

based generally on a dimethyl siloxane monomer and

containing a silicon–oxygen backbone, with organic groups

attached directly to the silicon atom by silicon carbon

bonds. Depending on the length of the polymer chain and

the degree of cross-linking, the silicone can be a fluid, gel,

or rubber [42, 118, 208]. Depending also on the amount

and type of the catalyst used in the fabrication process, the

final product can differ in physical and chemical properties

[118]. The most common example in surgical practice is

polydimethylsiloxane (PDMS), with an index of approxi-

mately 130 [208]. Silicone is inert and does not inhibit

microbial growth, but it can act as a bacterial barrier [42].

In wound care and rehabilitation, three types of silicones

are used:

1. Silicone fluids: short, unbound, straight PDMS chains

2. Silicone gels: lightly cross-linked PDMS chains (e.g.,

H-bridges), usually formed in the presence of a cata-

lyst

3. Elastomers: long, strongly cross-linked PDMS chains

also formed in the presence of a catalyst (usually silica)

[208].

The history of the use of silicones in burn wound care

dates from the early 1960s. Silicone fluids were used as an

immersion treatment to promote complete eschar separa-

tion, early formation of a granulation tissue bed, and early

joint motion of a spontaneously healed or grafted burn

wound [74, 137, 208]. Unfortunately, their use was stopped

after reports of numerous complications stemming from

impure industrial grades of silicone injected for soft tissue

augmentation [164].

Subsequently, in the early 1980s, an Australian research

group developed the earliest silicone gel sheet (elastomer).

It was intended for use on scars located at anatomic

depressions and flexures under the pressure garments. The

researchers used the gel sheet 6 to 8 weeks after burn injury

when the scars started to develop [42, 77, 131, 160].

With the introduction of silicone gel, the emphasis in

burn scar management shifted from pressure to the use of

contact media [54, 94]. Quinn et al. [164] introduced the

concept of nonpressure treatment for hypertrophic scars in

1985 [42]. Since then, a range of ‘‘contact media’’ has

been developed, allowing for individualization of therapy

to both the patient and the scar [54].

Despite initial skepticism about silicone gel sheet-

ing (SGS), good evidence now proves of its efficacy, and

it has become standard care for plastic surgeons [36, 43,

142, 184, 200]. Topical silicone gel has shown promise for

the treatment of hypertrophic and keloid scars [87],

effectively reducing the bulk of these lesions [89].

The semiliquid, sticky gel is easy to apply and remains

on the skin for many hours [42]. However, SGS has been

more widely used as a clinical scar management option

since the early 1980s. It has been advocated that treatments

with SGS should begin as soon as an itchy red streak

develops in a maturing wound [70]. It is applied directly to

the scar without any intention to augment or establish

pressure and needs to remain in contact with the skin

surface as long as possible [208]. Various reports indicate

that the duration of silicone sheet use usually ranges from

12 to 24 h daily, after which it needs to be washed and

reapplied [42].

It is necessary, however, to distinguish between silastic

(elastomer) and gel sheets [208], although the two have

similar clinical results and indications for use [40, 117].

Silicone gel was used initially for scar treatment rather than

prevention [42]. However, the introduction of ‘‘the adhe-

sive technique’’ over the past few years has allowed for

earlier therapy with the aim of preventing or minimizing

scar hypertrophy with better short- and long-term cosmetic

results [54] while causing limited damage to the stratum

corneum at removal, as compared with nonadhesive sili-

cone gel dressings [129].

The application of topical SGS in a variety of settings

appears to result in flattening, softening, and increased pli-

ability of the scar [40, 42, 81, 141, 160, 164]. Existing scars

that are years old also may be effectively treated [77, 174],

although it has been shown that silicone materials may

not have any effects on mature hypertrophic scars [85].

Observed benefits appear to be independent of patient age,

method of gel attachment, anatomic location, scar age, or

scar etiology [141].

Although SGS is widely used and assumed to be

beneficial in the treatment of pathologic scars, it is worth

noting that the evidence supporting its effects is class 3

at best [141]. Nevertheless, topical SGS, with more than

a 20-year history of satisfaction in the treatment of

hypertrophic scars and keloids, now appears to be useful

in the prevention of pathologic scarring [82], although

this still is highly controversial [148]. There is some

weak evidence of benefit in that silicone materials could

be used to prevent abnormal scarring in both high-risk

individuals [154] and patients undergoing scar revision

[82]. More recent evidence suggests also that the semi-

liquid form of silicone gel is effective in preventing

hypertrophic scar development in sternotomy wounds

[42]. It seems that the effective regimen for preventing

hypertrophic scars with silicone sheets begins about 2

weeks after wound healing [77, 174]. However, it must

be stressed that when SGS is applied during the healing

Aesth Plast Surg (2020) 44:1320–1344 1325
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phase, widened, atrophic, and depressed scars usually

develop [13].

The mechanism of action of topical silicone materials on

hypertrophic scars is not well understood [104, 108, 141].

Various mechanisms of action have been proposed [90,

208]. It has been suggested that their therapeutic effect is

not because of pressure, difference in oxygen tension

or temperature, or silicone leakage into the dermis [16,

141, 148, 164]. Under the electron microscope, the surface

of the silicone gel sheet is flat and has no pores [42]. Al-

though the silicone acts as a barrier, sufficient oxygen does

reach the skin for respiration [141]. There is evidence also

that SGS affects the hydration status of the scar by

decreasing the water vapor transmission rate to almost half

that of normal skin [16, 141, 164, 208], causing a buildup

of moisture on the skin surface under the silicone sheet

[77]. This suggests that the stratum corneum acts as a water

reservoir, with fluid accumulating below the gel, although

when visualized directly, this is not evident [141, 208].

Hydration and occlusion seem therefore to be the principal

modes of SGS action, and the presence of silicone appar-

ently is not essential to obtain beneficial clinical effects

[174, 185]. Increased skin hydration probably is responsi-

ble for a decrease in capillary activity, a reduced hyper-

emia, and a reduced collagen deposition [148].

Despite earlier reports, the significant and sustained

elevation in scar’s surface temperature, which can be

detected after gel application, is definitely not related to an

acute alteration in microvascular flow within hypertrophic

scars. This raises the possibility that temperature alteration

may be involved in the mechanism of action as well [141].

Although evidence is conflicting, it is conceivable that SGS

may well exert its effect through a temperature-mediated

activation of collagen breakdown [141, 202].

Altered hydration is thought also to cause electrostatic

changes that influence collagen deposition and remodeling

within the scar [140]. Static electricity generated by fric-

tion also has been proposed as a plausible reason for SCS

antiscarring effects [10, 25, 89, 92, 148]. However, when

the efficacy of a silicone cushion filled with liquid silicone

gel reported to induce a greater negative static electric

charge was compared with SGS in the treatment of

hypertrophic and keloid scars, no statistically significant

differences were found between the two treatment methods

[25] although a much faster response was demonstrated

with silicone cushions in a more recent report [10]. Sili-

cone gel sheeting probably also produces a favorable

condition for the skin by protecting it from various envi-

ronmental stimuli while keeping the skin in an adequately

hydrated but not an overhydrated condition [200]. It also

appears that silicone sheeting may act by downregulating

fibroblasts and decreasing fibrogenic cytokines [110].

Modulation of growth factors that orchestrate the tissue

repair process, such as the expression of basic fibroblast

growth factor (bFGF), also has been suggested [87].

Combinations of methods or therapies may be applied.

The most common combination is that of a silicone silastic

sheet, gel sheet, or pad with a classical pressure garment

[208]. Garments with varying degrees of stiffness or

rigidity, depending on the therapeutic aims, can be made

[55]. The latest development in this regard is that of

inflatable silicone inserts for treating scars in which the

pressure on the scar can be adjusted by means of a pump.

The system is indicated for the treatment of scars or keloids

in concave areas (presternal, axillary, subclavicalar) or in

soft tissue parts of the face and neck [208]. When com-

bined therapy is used, particularly in anatomic areas that do

not respond well to silicone sheeting because of the diffi-

culty maintaining gel contact with the skin (e.g., chin,

breast, clavicle, neck, and face), it is evident that the pre-

sumed working mechanisms of the individual methods

(pressure, hydration, occlusion, and static electricity) may

combine and reinforce each other [208].

Because the silicone gel sheet has a water vapor trans-

mission rate lower than skin, the water that accumulates

below it can cause skin maceration [42, 53]. Other common

problems associated with gel sheeting include persistent

pruritis, skin breakdown, skin rash, foul smell from the gel,

poor durability of the sheet, failure of the sheet to improve

hydration of dry scars, poor response of the scar to treat-

ment, and poor patient compliance [42, 53, 150, 208].

Similar to pressure therapy, detailed multimedia patient

education improves compliance with SGS, resulting in a

better scar outcome [195]. Obviously, the key to the suc-

cess of this therapy is to ensure that hygienic precautions

are taken, particularly when it is used in combination with

pressure for children or in warm weather or climates [208].

It must be noted, however, that complications are reported

to increase with the use of combined pressure and SGS

therapy [208].

Materials other than silicones have shown the same

ability [77, 174]. Silicone and nonsilicone gel dressings are

equally effective in the treatment of hypertrophic scars [19,

58]. A hydrogel sheet wound dressing product is a well-

characterized nonsilicone material with efficacy proven in

a prospective, controlled trial. Treatment with a self-

adhesive hydroactive polyurethane dressing (Cutinova thin;

Beiersdorf AG, Hamburg, Germany) applied over a period

of 8 weeks has been shown to have a beneficial effect on

hypertrophic scars as well [186]. The positive results with

other materials clearly establish that silicone is not needed

for efficacy [77, 174, 185], and it seems that a program

providing support, hydration, and hastened scar maturity is

the most effective scar management to date [211].
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Intralesional Corticosteroid Injections

Intralesional corticosteroid injections, used for the treat-

ment of pathologic scars since the mid-1960s, continue to

play a major role in the regression of hypertrophic scars

and keloids [45]. Injections produce objective reductions in

scar volume for significant numbers of patients, with

improvement of scar pliability, height, and symptoms such

as pruritus [102, 132, 142, 153]. Insoluble triamcinolone

acetonide (10–40 mg/ml), the most common corticosteroid

used for the treatment of scars, may be administered alone

or in combination with lidocaine to reduce the pain asso-

ciated with the injection. Several treatments at once or

twice a month usually are required to achieve the desired

results [132, 153].

Despite relatively few randomized, prospective studies,

there is a broad consensus that injected triamcinolone is

efficacious. It is first-line therapy for the treatment of

keloids and second-line therapy for the treatment of

hypertrophic scars if other easier treatments have not been

efficacious [9, 142, 149, 175, 207].

Although the use of corticosteroids to suppress abnor-

mal scar formation has been relatively effective for the

most part, it also has been a troublesome therapy [68].

Intralesional corticosteroid injection is associated with

significant injection pain, even using standard doses of

triamcinolone (40 mg/ml), with up to 63% of patients

experiencing some side effects [142, 196]. The most

common side effects of this treatment therapy are hypo-

pigmentation, skin and subcutaneous fat atrophy, telangi-

ectasias, rebound effects, and ineffectiveness [68, 132,

153]. After intralesional injection, linear hypopigmentation

also may develop secondary to lymphogenous uptake of

the corticosteroid crystals] [72].

The mechanisms involved are complex and remain un-

clear [102, 142]. Corticosteroids suppress healing by three

major different mechanisms. First, inflammation is sup-

pressed by inhibition of leukocyte and monocyte migration

and phagocytosis. Second, corticosteroids are potent

vasoconstrictors that may reduce the delivery of oxygen

and nutrients to the wound bed. Third, and perhaps most

significantly, the antimitotic effect inhibits keratinocytes

and fibroblasts, slowing reepithelialization and new colla-

gen formation. The inhibition of fibroblast proliferation by

corticosteroids may be dose dependent and may not be seen

at lower dosages, as evidenced by tissue culture studies

[68].

The rates of response to intralesional corticosteroid

injections vary from 50% to 100%, with a recurrence rate

of 9% to 50% [149]. Results may be improved when cor-

ticosteroids are combined with other therapies such as

surgery, pulsed-dye laser (PDL) irradiation, 5-fluorouracil,

and cryotherapy [5, 12, 34, 132, 142]. Surgical excision

with intraoperative local injection of triamcinolone aceto-

nide followed by repeat injection at weekly intervals for 2

to 5 weeks, depending on the symptomatic relief, and then

monthly injections for 4 to 6 months may yield a good

result. Complete symptomatic relief can be achieved with

this combination for all patients within 5 weeks of surgery.

An objective response in terms of no recurrence can be

noted in 91.9% of patients with keloids and 95.24% of

patients with hypertrophic scars. Local or systemic com-

plications with this combination therapy may be insignifi-

cant. Because of promising results, further use and

evaluation of this combination method of treatment are

recommended [47].

Topical steroid creams have been used with varying

success, but it must be noted that absorption through an

intact epithelium into the deep dermis is limited. A pro-

spective, randomized study showed that topical steroids do

not reduce scar formation in postburn deformities [214]. It

also has been demonstrated recently that limited use of

corticosteroids topically fails to reduce scar formation

[211].

Laser Therapy

Advances in laser technology over recent years have led to

progress in the treatment of many dermatologic conditions

[153]. The advent and development of laser technology

may represent the most promising treatment method for the

cosmetic and functional improvement of cutaneous scars

[9]. It has been claimed that the appropriate choice and use

of lasers can significantly improve most scars [126]. A

variety of lasers can be used. It is, however, of paramount

importance that the type of scar be properly classified at

initial examination so that the most appropriate method of

treatment can be chosen [6, 126].

Laser treatment of hypertrophic and keloidal scars,

which began with the carbon dioxide (CO2), argon, and

neodymium:yttrium-aluminum-garnet (Nd:YAG) lasers

[153], has been used for nonspecific destruction of tissue to

produce less scarring [142]. Argon lasers were first used in

the 1970s for the management of keloids, but subsequent

studies have failed to show long-term improvements [142,

153]. They produce more nonspecific thermal damage than

CO2 lasers and are associated with high levels of keloid

recurrence [4, 95, 142, 153].

Despite early promising results, CO2 laser scar treatment

also does not seem to be effective [4, 151]. Hypertrophic

scars and keloids excised or vaporized with a continuous-

wave CO2 laser demonstrate similar high recurrence rates

[153]. Carbon dioxide laser resurfacing with thin skin

grafting as a ‘‘camouflage’’ operation has been used suc-

cessfully to convert self-inflicted scars to a socially
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acceptable appearance similar to a burn scar [1]. However,

the final result has not been an improvement in scar quality,

but rather a trade-off between an unacceptable scar with

bad social connotations and another more acceptable scar.

Carbon dioxide laser for excision of a hypertrophic scar

and application of a skin substitute (Apligraf, Novartis,

East Hanover, NJ) also have been reported for the treat-

ment of a large painful hypertrophic scar on the plantar

aspect of the foot to gain coverage and resolution of the

painful condition] [115]. Two newer types of CO2 laser

(high-energy short-pulsed CO2 lasers and scanned contin-

uous-wave CO2 lasers) also were used for the treatment of

keloids without any convincing results [142]. Currently, the

CO2 laser is not widely accepted for the treatment of ke-

loids [142]. Proliferative keloids and hypertrophic scars

should not be vaporized because of the high risk for scar

recurrence or progression [126] in addition to the disad-

vantage of aerosolizing hepatitis B and C, human immu-

nodeficiency virus (HIV), and other viruses, putting the

surgical personnel at risk [36]. Use of the continuous-wave

1064-nm Nd:YAG laser, which selectively inhibits colla-

gen production according to in vivo and in vitro studies,

initially demonstrated softening and flattening of keloidal

scars [153]. The results, however, were transient, and scar

recurrences were common [153]. After mixed and even

conflicting results in larger long-term trials, the use of CO2,

argon, and Nd:YAG lasers to reduce severe scars fell out of

favor and has been largely discredited [142, 153].

Pulsed erbium:YAG lasers, with wavelengths of 2,940

nm, are 10 times more selective for water than their CO2

counterparts at 10,600 nm, reducing thermal damage [153].

Since 2001, the erbium:YAG laser has become an integral

part of the treatment for postburn scars at some burn cen-

ters, proving to be a valuable supplementary tool for the

improvement of cosmetically disturbing mild postburn

scars. It seems to be particularly handy in areas difficult to

treat, such as around the eyes, nose, lips, and fingers [62],

but the long-term benefit of this method has not been

established to date by well-controlled comparative studies.

Combined ablative CO2 and erbium:YAG laser treatments

also have been proposed as a valid treatment method for

atrophic scars [126].

More recent wavelength-specific lasers (YAG and

PDL), used for selective ablation of blood vessels [142],

have been successful in the treatment of hypertrophic scars.

The benefits of the 585-nm PDL in that regard have been

well established over the past decade, and PDL has been

recognized generally as an excellent first-line treatment

option [7]. The conventional short-pulsed dye laser (585-

nm PDL) is reported to be the most appropriate and

effective system for the treatment of varied traumatic and

surgical scars, with improvement in scar texture, color,

and pliability, as well as minimal side effects [106, 126].

Findings have shown it to improve the appearance of

hypertrophic scars, keloids, erythematous scars, and striae,

[23, 41, 126] resulting in a normal number of dermal fi-

broblasts with decreased sclerosis at histologic examina-

tion [8]. It inhibits hypertrophic scar implant growth in

nude mice. This effect likely is mediated by selective

photothermolysis of the implant microvasculature [169].

Early PDL treatments also can fundamentally change

the physiology of wound healing if applied in the early

phases by reducing scar microcirculation and preventing

excessive scar formation [134, 189]. The 585-nm flash-

lamp-pumped PDL also is an effective treatment for the

intense pruritis often experienced during the healing pro-

cess after a burn injury [3].

The PDL method carries a low risk of side effects and

complications when used at appropriate treatment param-

eters and time intervals [126]. More recent studies have

raised concerns, however, about its effectiveness [41].

These studies show that although significant symptomatic

improvement occurs, there is a statistically insignificant

degree of objective improvement in terms of scar redness,

scar thickness, viscoelasticity, reduction in height, and

textural quality, contradicting the results of several earlier

reported studies [3, 41].

Currently, it seems that the suprapurpuric PDL should

not be considered the standard of practice for the treatment

and prevention of hypertrophic scars [41]. Prolonged pur-

pura after treatment has led to the development of the

newer long-pulsed dye laser (LPDL) [23]. The LPDL (595

nm) with a cryogen-spray cooling device also is described

to be an effective treatment for hypertrophic scars. It can

improve scar pliability and texture while decreasing scar

erythema and associated symptoms [106]. Findings have

shown another method, intense pulsed light, to be as

effective as LPDL in improving the appearance of hyper-

trophic surgical scars and minimizing the risk of purpura

[23].

Further improvements have been reported with intense

pulsed light in combination with intralesional corticoster-

oids [142, 190]. However, the adjunctive use of intrale-

sional corticosteroids with 585-nm PDL irradiation does

not significantly enhance clinical outcome except in the

case of the most symptomatic scars, for which the com-

bined treatment approach provides a greater benefit in

improving scar pruritus [5]. Improvement in nonerythe-

matous, minimally hypertrophic scars also was found after

combination treatment involving CO2 laser vaporization to

achieve deepithelialization followed by PDL irradiation,

resulting in significant and prolonged clinical and textural

improvement [153].

For prophylaxis, findings have shown that early scar

treatment with PDL irradiation effectively prevents scar

formation or worsening of an existing scar, yielding a
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better and more prolonged clinical improvement. The

concomitant use of corticosteroids, 5-fluorouracil, or

other treatments is proving to be of particular importance

in reducing scar bulk and symptoms of more prolifera-

tive scars [7]. Although optimal management for patho-

logic scars has yet to be determined, PDL irradiation will

no doubt continue to play a role in their treatment [7].

However, it must always be remembered that laser

therapy remains an emerging technology with limited

follow-up study and lack of controlled studies. Further

studies in the future are required to define its exact role

[142].

Fractional photothermolysis (1550-nm Fraxel SR laser,

Reliant Technologies, Inc., Mountain View, CA) is a newly

proposed method with a claimed 75% clinical improve-

ment of scarring achieved 2 weeks after a single treatment

session at a pulse energy of 8 mJ (MTZ) and a final density

of 2,000 MTZ/cm2. The observed improvement was per-

sistent at a 1-month follow-up assessment, suggesting that

fractional photothermolysis may offer a new, effective, and

safe method for the treatment of surgical scars [22].

Adhesive Tape Support

Longitudinal stretching of wounds that cross the relaxed

skin tension lines appears to be the stimulus that induces

the body to form hypertrophic scars [170]. It is generally

thought that tension plays a major pathophysiologic role

[26]. After suture removal, surgical scars are susceptible to

skin tension [17]. Apparently, the use of a nonstretch

microporous contact media fulfills the criteria for effective

scar support and management [17, 142]. Application of

microporous hypoallergeninc paper tape with an appro-

priate adhesive to fresh surgical incisions, beginning at 2

weeks and used for several weeks after surgery, has been

effective in controlling scar tension, eliminating stretching

forces, and preventing hypertrophic scarring [17, 142, 170].

Tape with an elastic component may be useful for scars

over mobile or complex surfaces, including joints [142,

170].

Long-term use of paper tape is proposed to prevent the

formation of a hypertrophic scar because it is inflexible,

provides good scar support, is microporous, and is thought

to mimic the stratum corneum and accelerate healing

without creating the bacterial growth seen with more

occlusive media. It can be worn for 4 to 7 days continu-

ously, even during bathing or swimming. Moreover, it

places fewer demands on the patient than methods such as

silicone and compression, which have daily hygiene

requirements. It also is cost effective, with most scars

requiring only a single roll of 2.5-cm tape for treatment,

costing less than $1 [17].

Evidence for the effectiveness of paper tape in reducing

scar volume and preventing hypertrophic scar formation

has been well established [17]. Its use to support surgical

scars after suture removal is standard practice. However, it

usually is continued for only a few weeks [17, 142]. This

appears to be insufficient, considering that the maximum

strength of a scar is not achieved until approximately 12

weeks after wounding [17].

Although its real mechanism of benefit is unknown, it

seems that micoporous tape support may be able to reduce

multidirectional forces and eliminate scar tension. It has

been suggested also that its action may in part be

mechanical (analogous to pressure therapy) and occlusive

(analogous to silicone gel therapy) [17, 142, 170]. It is

hard, however, to see how simple application of a tape,

similar to silicone gel application, may exert pressure on

the underlying tissues. Moreover, in one study comparing

Micropore and Blenderm (3M, St. Paul, MN, USA), better

cosmetic results were achieved in the areas treated with

Blenderm, a clear plastic tape capable of maintaining better

hydration, than in the areas treated using Micropore paper

tape or no treatment. The areas treated with Blenderm were

less red and less hypertrophic than the areas treated with

Micropore. However, the difference was not significant

[183], suggesting that hydration is not the major mecha-

nism of action with adhesive tape support of scars. In fact,

paper tape may act by preventing an exacerbation of the

inflammatory response during wound healing, allowing the

more stable, closely woven type 1 fibers to form their

covalent bonds and create a cross-linking pattern more

comparable with normal skin [17].

In one study, the development of hypertrophic and

stretched scars occurred only after the tape was removed.

This implies that the cellular derailing of the wound-

healing process results from a mechanical stimulus (scar

tension) that occurs only after scar support has been

removed [17].

Paper tape is a noninvasive, inexpensive means of pre-

venting hypertrophic scarring that places minimal demands

on patients [17]. It is obvious that compliance with the

paper tape–wearing regimen for at least 12 weeks is

essential for maximizing treatment outcome. Moreover, to

ensure success using this treatment, it is recommended that

individuals at greater risk of developing hypertrophic scars

should support their scars using paper tape for a longer

period until the scar matures [17]. However, this treatment

seems to be less effective than more established treatments

such as silicone gel, but it could be used as preventive

treatment for low-risk patients, or before silicone gel is

used in fresh incisions [142, 170]. It is not effective and

definitely not practical for plaque-like scars such as those

after deep burns. The adverse reactions experienced

are few and involve mainly a localized red rash beneath the
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tape. These reactions are minor and transient, resolving

without medical intervention [17].

Massage

Massage therapy, manual or mechanical, routinely used by

therapists for the treatment of various conditions [157], is

standard therapy in rehabilitation centers specializing in the

treatment of scars and burns [176]. A significant method

for almost all burn rehabilitation teams, it occupies a place,

on the average, in 52% of the treatment protocols (range

25–60%) [176]. Increased scar pliability and decreased scar

banding with the use of massage have been reported [157].

Although various techniques can be applied, none have

been validated. Their use is thus based on the experience of

various teams and does not have any scientific basis [176].

Massage indications depend on the burn zone and age as

well as characteristics of the scar, and they may be adapted

according to its development.

Scar hypertrophy is treated by cutaneous hydration,

cutaneous mobilization, and pulpar massage, whereas for

keloids, 50% of teams practice hydration and 40% use

cutaneous mobilization [176]. Methods vary also according

to topography. The rolled pleat is used more for the thorax,

hands, and limbs. Lymphatic drainage is used more for the

face, hands, and limbs, with hydration, cutaneous mobili-

zations, and pulpar massage used in all locations [176]. The

majority of products used for massage are hydrating and

thermal. Corticosteroids, itch-relieving products, and ke-

ratolytics are used less frequently. Some authors have

proposed adjusting the intensity and depth of massage

according to the skin inflammatory state being evaluated

with the vitro-pressure test [52, 162].

Contraindications for massage are cutaneous fragility,

open wounds, infection, pain, and inflammation. Compli-

cations include inflammation, cutaneous lesions, epithelial

breakdown, and infection [176]. Although concrete bene-

ficial effects on scars are hard to document, reported ben-

efits of massage include improved relationships with the

patient, improved skin quality, relieved sensitivity,

increased cutaneous hydration, improved scar quality, and

better acceptance of the lesion by the patient [176]. How-

ever, the few reported studies failed to demonstrate any

appreciable effects of massage therapy on the vascularity,

pliability, and height of the hypertrophic scar. Only

reduction of pain and itching have been documented in

studies investigating adult patients [66, 67].

Massage also reduces anxiety and improves the mood

and mental status of patients [157, 176]. It has been dem-

onstrated that massage therapy applied even to acutely

burned patients before debridement sessions decreases

the anxiety and cortisol levels while it improves behavior

ratings of state, activity, vocalizations, and anxiety after the

massage therapy sessions on the first and last days of

treatment. Longer-term effects also were significantly

better for the massage therapy group, including decreases

in depression and anger as well as decreased pain accord-

ing to the McGill Pain Questionnaire, present pain intensity

scale, and visual analog scale [67].

In addition to manual massage, other techniques allow

for mechanized massage such as compressed air, threadlike

showers, and vacuotherapy, none of which have been

validated. The use of these techniques is thus based on the

experience of the rehabilitation teams, and the results are

not yet proven [176]. Useful compressed air can reach a

pressure of 10 kg/cm2. With the threadlike showers, the

effect of pressure is associated with the water hydrating

and thermal properties. Water pressure application can be

20 kg/cm2. The vacuotherapy technique uses a vacuum to

aspirate the treated zone, and with application of specific

heads, carries out cutaneous mobilization capable of going

to the rolled pleat. A progress report on clinical experi-

ments using the Louis Paul Guitay (LPG) (LPG World,

Valence, France) on burn scars also has been published.

Again, the technique has not been validated [176]. Further

scientific studies are required to prove or invalidate the

effectiveness of the various massage techniques in the

treatment of scars and burns [176].

Cryotherapy

Contact or spray cryosurgery with liquid nitrogen can yield

significant improvement or even complete regression of

hypertrophic scars and keloids [45, 88, 142, 179]. It results

in flattening of keloid scars in 51% to 74 % of patients after

two or more sessions [142]. It has been proven to reduce

the volume of keloid by induced ischemic destruction and

consequent necrosis of the hypertrophic scar tissue [34].

Up to 20 treatment sessions may be required [88].

Compared with corticotherapy and laser-therapy,

cryotherapy is a very effective method [150]. The use-

fulness of cryotherapy, however, is limited to the man-

agement of very small scars. A delay of several weeks

between sessions usually is required for postoperative

healing, and the commonly occurring side effect of per-

manent hypopigmentation is a major handicap. Other side

effects also include hyperpigmentation, moderate skin

atrophy, and pain [142, 179]. Better results have been

reported, however, after treatment combining cryotherapy

and intralesional triamcinolone than after triamcinolone or

cryotherapy alone [27, 34, 98, 215]. Apparently, cryo-

therapy combined with intralesional triamcinolon injec-

tion is the most common traditional therapy for

hypertrophic scars and keloids [145].
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To avoid the many drawbacks associated with the

classical cryotherapy technique, an intralesional needle

cryoprobe method for the treatment of hypertrophic scars

and keloids has been developed recently [88]. A specially

designed cryoneedle can be inserted into the long axis of

the hypertrophic scars and keloids to maximize the volume

of tissue to be frozen. After one session of intralesional

cryosurgery treatment, 50% of scar volume reduction, on

the average, can be achieved with significant alleviation of

objective and subjective clinical symptoms. Only mild

local edema and epidermolysis occurs, followed by a short

reepithelialization period. The mild pain or discomfort

during and after the procedure can be managed easily.

Rejuvenation of the treated scars (i.e., parallelization) and

the more organized architecture of the collagen fibers than

of the pretreated scars can be demonstrated by histomor-

phometric analysis [88]. The better efficacy of this method

than that obtained with contact/spray probes results from

increased freezing of the deep scar material. As a result,

fewer treatment cycles are needed. Moreover, because the

reepithelialization period is short, treatment intervals, if

any, can be shortened to between 2 and 3 weeks. It seems

that this intralesional cryoneedle method is simple to

operate and safe to use. It necessitates less postoperative

care of the wound and can easily be added to any preex-

isting cryosurgical unit [88].

Radiotherapy

Superficial x-ray, electron beam therapy, and interstitial

radiotherapy have been used in the past for effective

treatment of keloids [143]. Currently, there is a consensus

that ionizing irradiation is an effective way to treat keloids

[155]. It seems that electron beams are more capable than

soft x-rays of selectively reaching the area related to keloid

generation located at the border of the papillary layer and

the reticular layer in the dermis [155]. The mechanism of

its effect is the control of collagen synthesis in striking the

abnormal activated fibroblast and the promotion of the

existing normal fibroblast [155].

Radiotherapy has been used as a monotherapy or in

combination with surgery [142]. Although primary radio-

therapy has been reserved primarily for cases of unresec-

table keloids, low-dose fractionated radiotherapy as an

adjuvant to surgical excision may be safe and efficacious.

Various regimens have been described and appear to be

well tolerated [45, 60, 130]. It is reported that best results

can be achieved with 1,500 to 2,000 rads (15–20 Gy) over

five or six sessions in the early postoperative period [142].

In many institutions, electron beam irradiation is started

24 to 48 h after keloid surgical excision, and the total dose

is limited to 40 Gy over several administrations [155].

However, a total dose of 15 Gy could be the optimum

sufficient dose (i.e., the dose at which side effects such as

pigmentation and malignant tumor generation are minimal,

but beneficial effects are recognized). This dose can be

increased to 21 Gy for recurring keloids [155]. Pigmenta-

tion, however, increases when the radiation dose is in-

creased to 21 Gy [155].

Radiotherapy, however, is difficult to evaluate because

most studies are retrospective, do not define the term

‘‘recurrence,’’ and use a variety of radiation techniques

with varying follow-up periods ranging from 6 to 24

months [142]. Nevertheless, although the risk of malignant

change has always been exaggerated, and although reports

of carcinogenesis several years after the procedure are

mainly anecdotal, this treatment method remains contro-

versial despite the fact that there are no current reports of

malignant tumors being induced by electron beam irradi-

ation up to 128 months after irradiation [155]. The use of

potentially harmful radiation therapy to treat benign lesions

may be ill advised and probably cannot be justified [142,

143, 152].

Vitamin E

Vitamin E is tremendously popular among the public for

skin care [20, 91, 142]. Although many physicians and

patients believe vitamin E speeds wound healing and im-

proves the cosmetic outcome of healed wounds, there is

little scientific support for this idea in the literature [20].

Vitamin E is a generic term for four pairs of racemic ste-

reoisomers that are derivatives of tocol and tocotrienol

[20]. It comprises a class of related compounds, the toc-

opherols, of which alpha-tocopherol is the most important

component [21, 144].

Vitamin E, particularly in the form of topical alpha-

tocopherol in an oil base, is a popular agent in the treatment

of acute and chronic dermal wounds. Since its discovery,

vitamin E has been used to treat almost every type of skin

lesion. It has been used frequently by the general popula-

tion to treat burns, surgical scars, and other wounds [20, 45,

156]. Quantitative studies have shown that vitamin E ap-

plied topically penetrates deep into the dermis and subcu-

taneous tissue. Probably for this reason, it is believed that

vitamin E may improve wound healing when applied top-

ically [20].

As a response to injury, the free oxygen radicals re-

leased by neutrophils in the inflammatory phase decrease

healing by damaging DNA, cellular membranes, proteins,

and lipids, leading ultimately to cell death. As a result, this

damage is believed to be reduced by antioxidants enhanc-

ing wound healing [20, 133, 213]. Vitamin E is the major

lipid soluble antioxidant that protects cells from oxidative
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stress [20, 144]. It functions primarily by inhibiting and

preventing the spread of peroxidation of lipids in cellular

membranes, thereby acting as a membrane-stabilizing

agent [20, 45, 156]. Although the in vitro antioxidant ef-

fects of vitamin E have been well investigated, and al-

though its role in cardiac protection is a topic of great

scrutiny, research on the effects of vitamin E in vivo on

skin healing is surprisingly scant [20, 45, 156]. Animal

studies examining its effects on wound healing have shown

contradictory results. These studies have been generally

unhelpful because tocopherols, unlike other vitamins, have

species-specific mechanisms of action [20].

The effect of vitamin E on wound healing is complex

[91]. Systemic vitamin E inhibits the inflammatory re-

sponse, inhibits collagen synthesis, and thereby yields de-

creased wound tensile strength. This action is similar to

that of the glucocorticoids and can be mitigated by vitamin

A, a lysomal destabilizing compound that reverses some of

the deleterious effects of the glucocorticoids [90].

Although vitamin E may help to minimize the damage,

possibly potentiating healing after radiation injury, its im-

pact on surgical wounds is less clear [90]. As a matter of

fact, its effect on surgical wound healing, particularly scar

formation, has never been adequately demonstrated [91].

Findings have shown, on the other hand, that topically

applied vitamin E provides no more effect than other

emollient-type ointments, and hydration appears to be its

only beneficial effect. Despite its widespread use in cos-

metics, topical vitamin E actually may cause more harm

than good [20, 91, 211], possibly worsening scars and

causing contact urticaria, eczematous dermatitis, ery-

thema multiform-like reactions, and contact dermatitis

in an unacceptably large percentage of patients [20, 35, 45,

57, 99, 156].

Recent publications [90] have highlighted the skin irri-

tation and reduced breaking strength caused by vitamin E,

finally putting to rest the long-standing myth that vitamin E

has a part to play in early scar control [211]. Use of vitamin

E later on in the scar’s maturity (4 to 6 weeks and later)

may well flatten the scar because of its hydrative capabil-

ities. However, because of its decreased breaking strength

effect on the scar, the use of vitamin E may result in a

stretched weakened scar at best. At worst, if used too early,

it can result in wound separation [211].

The most recent report about vitamin E states that cur-

rent evidence from the literature does not support the

conclusion that topical use of vitamin E cream can reduce

scar formation. In fact, studies report some adverse effects

with its use. Further research is needed before the appli-

cation of vitamin E cream becomes the standard of care

[105]. Because no conclusive data exist to support its use,

topical vitamin E application on surgical wounds should be

discouraged [20].

Extracts and Topical Applications

A number of skin care products produced annually claim

capability to diminish the skin flaws of aging, solar dam-

age, or scarring from physical injury [182]. Over the years,

multiple extracts and products have been used for scar

management, with anecdotal reports claiming promising

results. Although these are widely marketed, most need

further investigation for conclusive evidence of their

effectiveness [45]. Popular treatments include allantoin-

sulfomucopolysaccharide gel [128], glycosaminoglycan

gel [35], onion extract cream [97], moist exposed burn

ointment (MEBO) [6–8], and other creams or ointments

containing extracts from plants such as Bulbine frutescens,

Centella asiatica [142], Anogeissus latifolia, and Butea

monosperma [45]. Many other topical agents have been

described such as mitomycin C that have made no differ-

ence in the prevention of keloid or hypertrophic scar

recurrence after excision when applied topically [180].

Mederma Skin Care

Mederma Skin Care Gel (Merz Pharmaceuticals, Greens-

boro, NC, USA) is a topical gel [182] that has been mar-

keted as a product to improve scar appearance and texture.

However, although few data are available to substantiate

these claims [48, 207], it is one of the most popular recent

nonprescription topical agents used for wound manage-

ment. Its active ingredient is Allium cepa, derived from a

specific type of onion: Allium cepa Linn.

The principal constituent of Allium cepa is quercetin, a

bioflavonoid with a demonstrated antiproliferative effect in

both normal and malignant cells of various types as well as

antiinflammatory and antihistamine release effects by sta-

bilization of mast cell membranes [45, 182]. Quercetin also

is found in apples, red wine, and gingko biloba [45, 182].

The significance of quercetin’s cellular effects may be

pertinent to the treatment of hypertrophic scars [182]. It

seems, however, that the antiproliferative effects of quer-

cetin probably play less of a role in that regard [182]. Most

of the observed results are primarily secondary to its true

antihistamine effects. A product that blocks histamine re-

lease could perhaps normalize or at least decrease collagen

production by fibroblasts, subsequently resulting in re-

duced dermal scar volume and relative normalization of the

scar maturation process. In addition, a decrease in scar

inflammation and erythema also would be expected [146,

182].

The antihistamine effects of quercetin present in

Mederma also may play a role in downregulating the

overproduction of collagen by fibroblasts that, in addition

to decreased inflammation, leads to less scar hypertrophy

[182]. Quercetin also produces a significant reduction in
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transforming growth factor beta (TGF-b) expression and in

its downstream-signaling molecules, Smad2, Smad3, and

Smad4, in fibroblasts [45, 161].

In histologic examination of Mederma-treated wounds,

investigators have noted significantly better improvement

of collagen organization [45]. A recent experimental study

with the rabbit ear hypertrophic scar model demonstrated

more mature, organized collagen in Mederma-treated scars,

indicating a transformation from the immature collagen

characteristics of hypertrophic scars to more mature scars

[182]. There was, however, no simultaneous decrease in

scar height, probably because the accelerated conversion of

immature to mature collagen is not associated with a net

decrease in overall collagen production by fibroblasts, or

because the short treatment period of 4 weeks in this

experimental study was too brief to detect a significant

decrease in scar hypertrophy. The study also failed to

demonstrate any improvement in scar erythema after top-

ical scar treatment with Mederma Skin Care Gel [182].

This finding is commensurate with the finding of a pilot

study that could not demonstrate statistically significant

improvement in scar erythema or pruritis among patients

using Mederma, although improvement in wounds covered

with simple petrolatum-based ointment could be seen [97].

However, in a more recent study comparing the efficacy of

Mederma with that of a petrolatum-based emollient

(Aquaphor; Beiersdorf, Inc.), the onion extract gel did not

improve scar cosmesis or symptomatology [48]. Consid-

ering the widespread popularity of this agent, it is sur-

prising that more well-designed studies have not been

performed to test its efficacy [45].

Contractubex

Contractubex gel (Merz Pharma, Frankfurt, Germany)

(10% aqueous onion extract, 50 U heparin per gram of gel,

1% allantoin) is a well-known ointment in routine out-

patient practice claimed to be effective in the treatment and

prevention of hypertrophic scars and keloids [28, 93]. Its

exact mechanism of action still is unknown. In vitro studies

have shown, however, that the onion extract contained in

Contractubex gel possesses fibroblast-inhibiting properties,

which reduce both fibroproliferative activity and the pro-

duction of ECM. It is believed that the flavonoids (quer-

cetin and kaempferol) in onion extract account for its

fibroblast inhibition and other antiproliferative effects.

Heparin, another active ingredient in Contractubex gel,

also may play an important role. In vitro experiments have

shown that heparin was able to interact strongly with col-

lagen molecules. It induces the formation of thicker fibrils

typical of a mature tissue and promotes intermolecular

bonding in collagen [93]. Both heparin and onion extracts,

through their inhibitory effects on inflammatory processes,

fibroblast proliferation, and the synthesizing capacity of

fibroblasts, influence scar development [93].

A study comparing Contractubex gel with intralesional

corticosteroid therapy showed that Contractubex was sig-

nificantly more effective than corticosteroid treatment with

regard to erythema, pruritus, consistency of hypertrophic

scars, and time to scar normalization and maturation [28].

Contractubex treatment also was associated with signifi-

cantly fewer adverse events (e.g., teleangiectasias, cuta-

neous atrophy of scars and surrounding skin tissue) than

intralesional corticosteroid injection [28]. It is believed that

light itchiness after the application of Contractubex gel,

encountered in approximately 7% of patients, probably is

related to the pharmacologic action of active ingredients

rather than to allergy [93]. Other studies suggested that

Contractubex gel had a statistically significant lower rate of

scarring in dark skin patients receiving laser treatments of

tattoos [93], and that the increase in scar width after tho-

racic surgery was less in the Contractubex gel–treated fresh

scars than in untreated scars after 1 year of treatment [93].

It was recently postulated that heparin-containing com-

pounds (e.g., Contractubex gel) observed to improve blood

rheology are effective in preventing the development of

pathologic scars in freshly healing scars (6 to 12 days old).

On the other hand, well-formed hypertrophic scars respond

best to products containing enzymes with fibrinolytic

activity [73].

Moist Exposed Burn Ointment

Moist Exposed Burn Ointment (MEBO; Julphar, Gulf

Pharmaceutical Industries, Dubai, UAE) is a USA-patented

formulation since 1995 composed of six herbal extracts. Its

active ingredient is beta-sitosterol in a base of beeswax and

sesame oil. The basis of moist exposed burn therapy

(MEBT) popularized two decades ago by Xu Rongxiang

from the Beijing Chinese Burn Center, it offers the

advantages of a moist environment for wound healing by

simple ointment application without the need for an over-

lying secondary, cumbersome, bulky, and expensive

dressing [13, 14, 16, 101]. In a prospective study of linear

traumatic or surgical facial wounds in humans, healing

wounds treated prophylactically with MEBO were noted to

have a significantly better cosmetic appearance, with less

hyperemia and less postinflammatory hyperpigmentation

[13, 45]. The ointment induced earlier restoration of the

cutaneous physiologic barrier function commensurate with

the observed better cosmetic results after epithelialization

of split-thickness donor-site wounds [13, 14].

The observed beneficial effect of the moisture-retentive

ointment MEBO on wound healing and scar quality cannot

be explained only by moisture retention [101]. In a recent

study analyzing experimentally induced burn injuries in
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rabbits, MEBO was found to have profound effects on mast

cells, bFGF, TGF-b, interleukin-1, and nerve growth fac-

tor, explaining the previously reported beneficial effect of

the ointment on wound healing as an effective prophylactic

agent to improve scar quality [101]. This study demon-

strated that various inflammatory cells, growth factors, and

cytokines present in the wound bed may be modulated by

application of local agents with drastic effects on their

expression dynamics involving characteristic temporal and

spatial regulation and changes in the expression pattern

[101].

Madecassol and Alpha Centella Cream

Madecassol is an old ‘‘healing drug’’ [33]. It is the brand

name given to a group of chemicals related to asiatic acid,

which is extracted from the Centella asiatica plant [211].

Asiatic acid, madecassic acid, and asiaticoside, the principal

terpenoids found in Centella asiatica, are shown to aid

wound healing in a large number of scientific reports [211].

The oral form of Madecassol is as effective as the injectable

intramuscular form [211]. Findings have shownMadecassol

to be of clinical value in stopping the inflammatory phase of

hypertrophic scars and keloids as well as other forms of

connective tissue anomalies with an inflammatory phase,

gradually bringing scars to the maturation phase [33]. In

addition to the decreased inflammatory reaction and myofi-

broblast production, its most beneficial effect appears to be

the stimulation of type 1 collagen production [31, 211], thus

increasing the 1 to 3 ratio. Centella asiatica extracts may

well be inducing more rapid maturity of the scar [211].

Madecassol also has been shown to have a preventive

effect on burn and postoperative hypertrophic scars. It has

been claimed that its effect compares favorably in effec-

tiveness with compression bandaging, and gives more

lasting results than intralesional corticosteroid or radiation

therapy. It has, however, a placebo effect of 29%, well

within acceptable limits [33]. To date, this drug has no

known side effects other than occasional mild gastric

intolerance and allergic reaction [33].

Alpha Centella cream used for topical scar treatment has

two main components. The first is an extract from the plant

Bulbine frutescens that increases hydration under the cov-

ering tape by leaving a layer of fatty vesicles of glyco-

protein on the skin surface that has antibacterial properties.

The second component is the principal terpenoid extracted

from the Centella asiatica plant [211]. It has been docu-

mented that a topical application of Alpha Centella cream

to a sutured wound significantly increases the breaking

strength of the wound (as opposed to vitamin E) [211].

Patients, however, must be instructed that the critical per-

iod for the use of Alpha Centella cream is the first 6 to 8

weeks [211].

Miscellaneous Extracts and Agents

Extract of Anogeissus latifolia, a deciduous tree native to

India whose bark, containing leucocyanin and ellagic acids,

is used in tanning has traditionally been used for a variety

of skin diseases [45, 84]. Its antioxidant and antibacterial

activity is well documented. When applied to fresh

wounds, a significant reduction in epithelialization time,

improved wound contraction, and significant improvement

in tensile strength can be documented [45].

A topical extract of Butea monosperma bark, a tropical

evergreen, has substantial antioxidant effects and is docu-

mented to improve the rate of epithelialization and wound

contraction significantly, with increased wound tensile

strength [45, 201].

The antioxidant activity of the polyphenol curcumin also

is well documented. When it is incorporated into bovine

collagen films, slow topical release of curcumin into the

wound bed can be achieved. This particular delivery

method provides optimal delivery of curcumin’s antioxi-

dant activity on collagen scaffolding for optimal wound

healing. Treated wounds have been found to heal faster,

leave smaller scars, and contain histologically larger

numbers of inflammatory cells as well as larger amounts of

collagen [45, 83]. Although these extracts and several

others appear to be promising in accelerating healing,

further studies investigating their effects on scarring should

be performed [45].

Topical tocoretinate, another agent used for the treat-

ment of ulcers, also is a potent treatment for sclerotic skin

diseases [139]. Its application to hypertrophic scars im-

proves skin stiffness, the glossy appearance of scars, and

telangiectasia. Histopathologically, the proliferated colla-

gen fibers decrease in thickness, and the interfiber spaces

increase. It markedly decreases immunoreactive tenascin-

C, usually expressed in the proliferated deep dermal fibers

of skin sclerosis as systemic sclerosis and hypertrophic scar

lesions [139]. Vitamin A (0.05% retinoic acid) had some

reported beneficial effects in scar management, but serious

reported side effects of hypervitaminosis, skin irritation,

and the like are limiting factors for its usefulness [211].

Further studies are required before any of these agents is

routinely adopted for better healing and scar management.

Intralesional Injections

5-Fluorouracil Intralesional Injection

As one of the oldest chemotherapy drugs, 5-fluorouracil

(5-FU), a pyrimidine analog with antimetabolite activity,

has been used against many malignancies [11, 68, 143].

In the early 1980s, it was investigated as an adjunct to
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glaucoma-filtering surgery, a procedure in which inhibition

of wound healing is desirable for the achievement of sur-

gical success [68]. It also has been injected intralesionally

for the treatment of nodular basal cell carcinoma and

keratoacanthoma [11] as well as treatment of scars to in-

duce regression of keloids and hypertrophic scars [45, 153].

The medication targets rapidly proliferating cells [45].

Intracellularly, 5-FU is enzymatically converted into its

active substrate, which is ultimately incorporated into

DNA, thus inhibiting DNA synthesis [11]. Rapidly prolif-

erating and metabolizing cells, such as fibroblasts in dermal

wounds responsible for excessive collagen production, are

preferentially targeted by 5-FU [11, 45]. Although int-

ralesional, 5-FU may be comparable with other therapies

[132]. Softening of the scar is reported to occur faster with

intralesional 5-FU than with PDL alone [153]. The use of

5-FU to inhibit fibroblast proliferation avoids the potential

complications of intralesional corticosteroid injections and

adds a new therapeutic agent for patients who did not re-

spond well to corticosteroids [68].

Several studies have confirmed that 5-FU is effective in

the treatment of keloid scars [11, 114]. Wound ulceration

and hyperpigmentation are reported complications, but

both may resolve spontaneously [11]. It also has been used

for the treatment of inflamed hypertrophic scars, either

alone or in conjunction with intralesional steroid injection

of PDL treatments [11, 45, 68]. The use of 5-FU intrale-

sionally for the treatment of hypertrophic scars, either

alone or in combination with corticosteroids and PDL

therapy, appears to be both effective and safe [68, 149, 153,

186].

Intralesional injection of 5-FU 50 mg/ml in combination

with triamcinolone 10 mg/ml or with a very low concen-

tration of betamethasone (5.7 mg/ml) may promote better

regression without recurrence of keloid scars smaller than 2

cm in diameter [11, 114]. However, although the addition

of corticosteroid to the injection mixture does have a

beneficial antiinflammatory effect [11], the use of adjunc-

tive corticosteroid probably is unnecessary because find-

ings have shown 5-FU used alone to be efficacious and

well tolerated, with perhaps fewer undesirable side effects

such as atrophy, hypopigmentation, and telangiectasia than

with the use of intralesional potent corticosteroids alone

[11].

It also has been suggested that the addition of local

anesthetic does not decrease the injection pain [11]. On the

other hand, it seems that the triple combination of 5-FU to

suppress fibroblast activity, corticosteroids to suppress

inflammation as well as fibroblast activity, and PDL to

suppress angiogenesis and endothelial cell growth factors is

a successful multifaceted approach to the treatment of

hypertrophic scars and keloids [68]. This combination

seems to be more acceptable to patients and produces better

results. Its effect on lightening of lesions is promising and

seems to be the best approach for the treatment of keloid

and hypertrophic scars [12].

Bleomycin Multipuncture Injection

Bleomycin, originally isolated from the fungus Strepto-

myces verticillus, is frequently used as an antitumor agent

for treating various kinds of malignancy. In addition,

bleomycin is used as a treatment for recalcitrant warts,

hypertrophic scars, and keloids [213]. Findings have shown

bleomycin to block the cell cycle at G2, cleave single-

stranded and double-stranded DNA, and degrade cellular

RNAs. In addition, bleomycin is known to induce apoptosis

in vitro [213].

Findings have shown that administration of bleomycin

by intradermal injections or the multipuncture method is

effective against keloid and hypertrophic scars [63, 213],

and intralesional multiple jet injections of bleomycin 0.1

ml (1.5 IU/ml) at a maximum dose of 6 ml seems currently

to be indicated as a therapy for keloids and hypertrophic

scars unresponsive to intralesional steroid injection [63,

181, 213]. The number of sessions required for successful

treatment of these lesions ranges from two to six [181], and

complete to excellent flattening of scars may be expected

for most patients [213].

In a recent study comparing the efficacy of bleomycin

tattoo and that of cryotherapy combined with intralesional

triamcinolon injection for the treatment of keloids and

hypertrophic scars, the therapeutic response in lesions

smaller than 100 mm2 exceeded 88% in both groups, but

with larger lesions (>100 mm2), the therapeutic response to

bleomycin was significantly better [145].

Because bleomycin induces various adverse effects due

to its toxicity, clinicians are encouraged to be aware of

these potential problems. Bleomycin’s main dose-limiting

toxicity is exerted on the lung [213]. Cutaneous side effects

including ‘‘flagellate’’ erythema (scratch dermatitis), hy-

perpigmentation, Raynaud’s phenomenon, gangrene,

fibrosis, neutrophilic eccrine hidradenitis, alopecia, edema,

nail changes, and other miscellaneous reactions have been

documented. It is reported that cutaneous toxicity usually

occurs at total doses of 200 to 300 U, and that pulmonary

fibrosis occurs at doses exceeding 400 U. However, there is

much variation in the data reported [171, 213]. Because the

toxic effects of bleomycin are thought to be attributable to

its induction of free radicals, combined radiotherapy,

which also induces production of free radicals, should be

monitored carefully [213]. Discontinuation of bleomycin at

the first signs of toxicity is crucial to avoiding a serious

outcome [213]. Although the clinical findings show that

administration of bleomycin for keloids and hypertrophic

scars shows promise and results may be excellent, fur-
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ther investigation is needed and further studies using

well-designed, double-blind, placebo-controlled, multi-

center randomized clinical trials will be necessary [63,

213].

Interferon Subdermal Injection

Local and systemic TGF- b has been implicated as a fibr-

ogenic cytokine in the pathogenesis of many fibrotic dis-

orders [156]. Large regions of hypertrophic scar after injury,

mainly after burns, have an elevated level of systemic TGF-

b, contributing to the development fibrosis [203]. Moreover,

high TGF-b levels are present not only in locally injured

tissues, but also in the serum of thermally injured patients,

which may contribute to the development of fibroprolifer-

ative hypertrophic scars in these patients. Furthermore,

inhibition of TGF-b activity is associated with enhanced

resolution of hypertrophic scarring in these patients similar

to that found with other fibroproliferative disorders [203].

Elevated TGF-b could be antagonized by systemic

interferon therapy [203]. Interferon alpha INF-a, interferon
beta INF-b, and interferon gamma INF-c have been shown to
increase collagen breakdown [142]. Interferon alpha-2b

(IFN- a2b) also has antiproliferative properties and may

improve the pathologic features of dermal fibrosis directly or

by antagonizing the effects of TGF-b and histamine [24, 143,

203]. In vitro, hypertrophic scar fibroblasts differ from der-

mal fibroblasts of uninjured normal skin by increased

amounts of messenger RNA (mRNA) and protein for types 1

and 3procollagen and fibronectin, reducedmRNAand active

collagenase (MMP1), and more tissue inhibitor of metallo-

proteinase I (TIMP I), the net effect of which likely con-

tributes to excessive production of extracellular matrix. Both

IFN- c and INF-a (types 1 and 2 interferon) reduce these and
other features of fibrosis and contraction in both in vitro and

in vivo animal models [68]. Importantly, only INF-a, and not
IFN- c, seems to activate dermal fibroblast synthesis of

collagenase and to reduce its natural inhibitor TIMP I [68].

It is reported that INF-a2b is effective in reducing the

size of hemangiomas and dermal lesions characteristic of

systemic mastocytosis. These disorders contain activated

and highly proliferating endothelial cells and mast cells,

which also are prominent cellular components of dermal

and other fibrotic conditions [203]. In vitro, INF-a2b has

been effective in reducing collagen and fibronectin syn-

thesis and TGF-b production by activated hypertrophic scar

fibroblasts, in increasing collagenase activity, and in redi-

recting the phenotypic features of the hypertrophic fibro-

blast toward the normal dermal counterpart [203]. In vivo,

systemic INF-a2b has been effective in antagonizing the

fibrotic effects of TGF-b associated with bleomycin-in-

duced pulmonary fibrosis [203, 205]. In vivo, intralesional

IFN-c is reported anecdotally to improve small region

keloids and hypertrophic scarring [111, 203]. It is reported

to be effective in improving the appearance of keloids and

hypertrophic scars, and in reducing keloid recurrence after

excision. Decreased collagen deposition, reduced produc-

tion of TGF-b, and increased levels of collagenase activity

have been proposed as possible mechanisms of action [26,

153]. However, limited efficacy of intralesional therapy

may be related to circulating increases in fibrogenic factors

such as TGF- b or N[tau]-methylhistamine [203].

When INF-a2b was tested by intralesional injection of

keloids, 1.5 million IU twice daily over 4 days, it was

found to be much more efficient than intralesional corti-

costeroid steroid, resulting in a 50% reduction in keloid

size by 9 days [24, 143]. Hypertrophic scars injected three

times weekly with INF-a2b showed significant mean rates

of improvement and sustained reduced serum TGF-b levels

even after treatment [142, 203]. Interferon injections are

reported to be significantly better than triamcinolone ace-

tonide injections in preventing postsurgical recurrence of

keloids (18.7% vs 58.5% recurrence). However, these

painful injections may require regional anesthesia [142,

204]. Because the fibroproliferative disorder hypertrophic

scarring often undergoes spontaneous resolution to a vari-

able degree over a variable period of time, a phase 3

double-blinded trial will be necessary to establish the

potential therapeutic role of interferon INF-a2b for this

fibrotic disorder. Further research is warranted to assess the

usefulness of subcutaneous INF-a2b treatment for hyper-

trophic scarring [203].

On the other hand, a newly developed dermal cream

containing liposome-encapsulated INF-a2b (LIPO+INF)

has been used to improve hypertrophic scarring in open and

reepithelialized dermal wounds of a rabbit fibrotic ear

model. The findings of this study suggest that LIPO+IFN is

effective in reducing the scar formation. Further investi-

gation is required to confirm these results [116].

Miscellaneous Products and Therapies

Collagenase

The unique feature of collagenase is its ability to cleave the

native triple helix of intact collagen molecules [191]. It was

demonstrated experimentally that collagenase degrades the

collagen of the hypertrophic scar, lessening and softening

the scar, suggesting that local injection of collagenase

probably is a good therapy for hypertrophic scar [212]. Int-

ralesional injection of pure collagenase (600–4,500 units)

into keloids and hypertrophic scars has been proposed as an

effective treatment strategy for reducing the volume of

the pathologic scars [102]. The treatment resulted in a

temporarily reduced scar volume. However, the scar vol-
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umes had returned to the same (or greater) levels 6 months

later. Moreover, side effects are numerous and severe,

including pain, swelling, blistering, ulceration, and ecchy-

mosis at the site of injection. It seems that treatment of keloid

and hypertrophic scars with intralesional injections of col-

lagenase is ineffective [102]. It recently was established that

collagenase D from the larvae Dermestes frischii, with ob-

served effects superior to those of Clostridium histolyticum

collagenase and collagenase PC from the hepatopancreas

Paralithodes camtshatica, may be used for the treatment of

keloids and hypertrophic scars [191].

Hyaluronic Acid

Hyaluronic acid is a major component of the extracellular

matrix. Experimental and clinical evidence suggests that it

enhances wound healing and reduces the extent of scarring

[32]. Preliminary data after intralesional hyaluronic acid

injections indicate that softening of the scar is the first ob-

served effect 4 to 6 weeks from the beginning of the treat-

ment. A progressive reduction of the scar thickness follows

until the 12th week. It seems that high-molecular-weight

hyaluronic acid (500,000–750,000 amu) in high-concentra-

tion solutions could be useful in the treatment of pathologic

scars, and the clinical results show good correlation with the

histologic and immunohistologic results [32].

Verampil

Verapamil is a widely used calcium-channel antagonist

antiarrhythmic agent [50, 80, 143]. It also inhibits the

synthesis/secretion of extracellular matrix molecules,

including collagen, glycosaminoglycans, and fibronectin,

and increases collagenase [50]. A few sporadic trials have

reported verapamil to be effective in the treatment of ke-

loids when administered intralesionally [80, 143]. It re-

duces the sustained basal IL-6 and vascular endothelial

growth factor production in cultures of central keloid fi-

broblasts and inhibits cell growth and proliferation by 29%.

It also increases apoptosis to an absolute value of 8% [80].

The beneficial effect of calcium antagonists on pathologic

scars in vivo is yet to be determined, although it has been

suggested that surgical excision with W-plasty or skin

grafting and intralesional verapamil injection may be a

good alternative for the treatment of keloid [50].

Epicatechin Gallate

Catechins are naturally occurring polyphenolic compounds

believed to have antiinflammatory, antioxidant, and free

radical scavenging properties [103]. Epicatechin gallate

intradermal injections in a rat incisional wound model

resulted in significantly improved quality of scar formation

in terms of both maturity and orientation of the collagen

fibers. An increase in inducible nitric oxide synthase and

cyclooxygenase-2 and a decrease in arginase-I activity and

protein levels also were observed. Better healing and scar

quality may be partly attributable to an acceleration of the

angiogenic response and an upregulation of the enzymes

nitric oxide synthase and cyclooxygenase [45, 103].

ThermaCool TC Radiofrequency

Collagen fibril morphology and production changes are

claimed to occur after the use of the thermage radiofre-

quency device on hypertrophic scars. ThermaCool

(ThermaCoolTM System, Thermage, Inc., Hayward, CA)

alone did not, however, achieve clinical hypertrophic scar

or keloid improvement. The collagen effects of this device

should be evaluated further to optimize its therapeutic

potential for all indications [136].

Dermatography

Dyspigmentation and textural abnormalities of large scars

can be reduced with the multidisciplinary practice of der-

matography, which includes microsurgical needle tattooing

[45]. Cosmetic tattoos, simulating makeup, have become

very popular in recent decades. The technique of micro-

pigmentation consists of implanting pigment into the skin

using a tattoo pen [56]. The procedure provides camouflage

pigmentation, with the added benefit of inducing atrophy of

scars via the cutting action of the needles [45, 153]. It also

can be used as an adjunct to reconstructive surgery [56].

The usefulness of this method could be anticipated in flat or

slightly elevated scars, but definitely cannot be extended to

prominent hypertrophic scars or keloids.

Cosmetic camouflage using techniques from the theater

and cinema to conceal a variety of conditions as well as

cosmetic products has been applied tomask scars. It has been

demonstrated to promote social and psychological well-

being [95]. Even when the cosmesis is excellent, the tech-

niques used are not effective at covering all skin lesions,

particularly when the contour of the skin surface has been

affected by scarring. Despite this limitation, individuals with

scarring, who have a higher initial mean Dermatology Life

Quality Index (DLQI) score, experience a greater reduction

in mean DLQI than individuals with pigmentary or vascular

disorders, suggesting that cosmetic camouflage clinics pro-

vide a valuable resource to individuals with a wide range of

skin conditions, improving their quality of life [94].

Emerging Treatment Methods

Growth factors and cytokines have been involved in scar

formation, and these factors are targeted for potential

1337



123

therapeutic use in scar management [135]. In a number of

studies, TGF-b has been implicated in wound healing and

hypertrophic scarring as well as several other scarring

conditions [125, 142]. During the wound-healing process,

TGF-b1, TGF-b2, and TGF-b3 have differential temporal

effects and are important for optimal healing during

the first week after wounding. Beyond 1 week, TGF-b1,
TGF-b2, and TGF-b3 play a critical role in hypertrophic

scar formation [125].

It also has been suggested that a reduction in Smad-3

proteins in parallel with an increase in Smad-7 contributes

to the inhibitory effect and the reduction of ECM synthesis

after blocking of TGF-b1 by treatment with neutralizing

antibodies. This may indicate a molecular mechanism in

the therapeutic intervention to reduce fibrosis, hypertrophic

scar formation, and chronic wound-healing disorders [187].

In addition to blocking its effects with antibodies,

researchers have proposed blocking TGF-b activation by

means of the mannose 6-phosphate receptor and adding the

TGF-b3 isoform. These approaches have shown efficacy in

animal models.

Early human trials are in progress for some of these

strategies [142]. Antagonism of TGF-b by hepatocyte

growth factor also can be achieved by gene therapy, an

emerging new treatment method with great potential.

Hepatocyte growth factor administered via intradermal

injection in an experimental animal model results in sig-

nificantly flatter, smaller scars as well as histologically

decreased inflammatory cell infiltrate and granulation

tissue formation. Hepatocyte growth factor exerts antifib-

rotic effects via antagonism of TGF-b while promoting

dermal regeneration by reducing inflammatory cell apop-

tosis, thus potentially providing a future therapy for

‘‘scarless wound healing’’ [45]. Administration of kerati-

nocyte growth factor-expressing keratinocytes seeded onto

a cell membrane carrier graft also may result in a much

faster formation of a neoepithelium that is well formed and

stratified [107, 142].

Scar prevention advancements include refinements in

surgical technique, nutritional supplementation, and opti-

mal wound care [45]. It currently is an accepted fact that

accelerated wound healing may lead to improved scarring

[2, 13, 14]. Among cytokines and growth factors, bFGF is

clinically proven to accelerate acute and chronic wound

healing. Clinical evaluation of pigmentation, pliability,

height, and vascularity of bFGF-treated scars has demon-

strated significant differences relative to conventional

treatment [2]. Further investigations of this method are

definitely warranted.

Other means to accelerate healing are being tested as

well. Findings have shown that applying porcine acellular

dermal matrix to deep partial-thickness burn wounds until

the wound heals without dressing change maximally pre-

serves residual dermal tissue and epithelium, helps to

accelerate the regeneration of epithelial and stem cells thus

shortening healing time, remodels the skin structure, and

consequently has the effect of controlling hypertrophic

scarring at its inception [65].

Excessive collagen deposition occurs relative to normal

wounds. This extracellular matrix collagen accumulation

makes a logical target for pharmacologic interventions, and

researchers are attempting to modify collagen synthetic and

degradative pathways [135, 142]. Penicillamine and other

nonspecific inhibitors of collagen synthesis have been used

as inhibitors, but these have shown unacceptable toxicity.

In recent years, several companies have looked for

specific nontoxic inhibitors of collagen synthesis that could

be applied locally. It seems likely that new therapies will

be available within the next few years [142]. Bilidase (a

hyaluronidase preparation) was studied in guinea pigs with

experimental postburn scars and found to promote nor-

malization of the structure and the histochemical picture of

new scar tissue, suggesting that the drug can be used for the

treatment of hypertrophic postburn scars [124]. The antif-

ibrinolytic agent pentoxifylline also was shown to have a

dose-dependent effect on proliferation and contraction of

burn scar fibroblasts. It seems that pentoxifylline has a

direct effect on inhibition of burn scar fibroblasts that could

provide opportunities to reduce burn scar contractures

in vivo [165]. Findings have shown that 50 mmol/l of

putrescine inhibits tissue transglutaminase, which plays a

role in the cross-linking of type 3 procollagen in wound

matrices. The clinical effect from 50 mmol/l of putrescine

in a eutectic vehicle (Fibrostat) examined in a phase 2

double-blind crossover study with 43 patients demonstrated

significant improvement in hypertrophy. It is suggested that

Fibrostat is a safe therapeutic agent for the treatment of

hypertrophic scarring [61].

Cytotoxic agents also are being evaluated for their po-

tential utility in the reduction of tissue bulk associated with

these excessive scar states [135]. Cyclosporin could pos-

sibly be useful in prevention if T lymphocytes are proven

to play a role (still experimental). Collagen inhibitors such

as beta-aminoproprionitrile prevent cross-linking of colla-

gen. Results are still awaited, but these preparations would

not be used routinely in normal scar management [211].

Given the wide range of potential therapeutic agents, the

future market for scar therapy remains highly promising

[135].

Conclusion

The problematic nature of hypertrophic scarring combined

with the lack of a consistently successful treatment regimen

has led to much research into the biologic nature of scar

Aesth Plast Surg (2020) 44:1320–13441338
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formation [182]. Recent years have seen an increased

understanding of the molecular and biologic mechanisms

involved in keloidal and hypertrophic scar formation,

allowing for the development of more specific therapeutic

options for these lesions [45, 207], and the quest to identify

conservative methods that successfully treat these lesions is

ongoing [182]. Currently, the vast array of available

methods for eradicating scars often are inconvenient,

occasionally prove to be painful, and have unwanted side

effects [9, 135]. Unfortunately, keloids and hypertrophic

scars remain difficult to manage [207].

Many techniques for the management of hypertrophic

scars and keloids have been proven through extensive use,

but few have been supported by prospective studies with

adequate control groups. Several new therapies have shown

good results in small-scale trials, but these have not been

repeated in larger trials with long-term follow-up evalua-

tion [216]. Recommendations support a move to a more

evidence-based approach to scar management. This

approach highlights a primary role for silicon gel sheeting

and intralesional corticosteroids in the management of a

wide variety of abnormal scars. These are the only treat-

ments for which sufficient evidence exists to make

evidence-based recommendations.

A number of other therapies in common use have

achieved acceptance as standard practice. However, it is

highly desirable that many standard practices and new

emerging therapies undergo large-scale studies with long-

term follow-up evaluation before being recommended

conclusively as alternative therapies for scar management

[216]. Only recently have researchers begun to delineate

the complex biochemical signaling pathways that regulate

wound healing and scarring processes. Regulation of scar

metabolism with regard to collagen and wound matrix

degradation is likewise showing promise in generating

alternate therapies for the treatment of abnormal scars.

Understanding the exact process of normal and abnormal

scar formation will help to define better ways for suc-

cessfully managing and potentially preventing abnormal

healing [193].

Treatment must be individualized depending on the

distribution, size, thickness, and consistency of the lesions

and the association of inflammation [37, 143]. It begins by

educating the patient about the etiology of the scarring

process [37]. There is a need for additional studies to

understand the prevalence and risk factors for the devel-

opment of hypertrophic scarring. The development of more

reliable, valid, and objective measures for diagnosing and

measuring the severity of hypertrophic scarring also is

essential for further research in the area of prevention and

treatment [64]. Currently, the combination approach with

adjuvant therapy in addition to surgery, such as steroid

injections and silicone materials, seems to be the best

option [143, 194].
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