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BACKGROUND Hypertrophic scars and keloids result from an abnormal fibrous wound healing process
in which tissue repair and regeneration-regulating mechanism control is lost. These abnormal fibrous
growths present a major therapeutic dilemma and challenge to the plastic surgeon because they are
disfiguring and frequently recur.

OBJECTIVE To provide updated clinical and experimental information on hypertrophic scars and
keloids so that physicians can better understand and properly treat such lesions.

METHODS A Medline literature search was performed for relevant publications and for diverse
strategies for management of hypertrophic scars and keloids.

CONCLUSION The growing understanding of the molecular processes of normal and abnormal wound
healing is promising for discovery of novel approaches for the management of hypertrophic scars and
keloids. Although optimal treatment of these lesions remains undefined, successful healing can be
achieved only with combined multidisciplinary therapeutic regimens.

The authors have indicated no significant interest with commercial supporters.

Hypertrophic scars and keloids are a problem

that mainly dermatologists and plastic sur-

geons encounter. Especially in the head and neck

region, these lesions are conspicuous and not easy

for patients to conceal. Patients typically present

with cosmetic concerns, although hypertrophic scars

and keloids can also cause pruritus, pain, or pres-

sure.1 This article reviews various treatment modal-

ities for aberrant wound healing and the updated

findings of molecular scar biology.

Hypertrophic Scar Versus Keloid

Hypertrophic scars and keloids are abnormal wound

responses in predisposed individuals and represent a

connective tissue response to trauma, inflammation,

surgery, or burns.2 The first challenge to scar therapy

begins with the simple identification and diagnosis of

the problematic abnormal wound healing.3 Hyper-

trophic scars are typically raised, red or pink, and

sometimes pruritic but do not exceed the margins of

the original wound, whereas keloids infiltrate into

surrounding normal tissue and rarely regress (Figures

1 and 2). Hypertrophic scars usually subside with

time, whereas keloids continue to evolve over time,

without a quiescent or regressive phase.2–5

Aside from clinical features, histologic characteris-

tics also help distinguish between hypertrophic scars

and keloids. Normal skin contains collagen bundles

running parallel to the epithelial surface. In hyper-

trophic scars, the primarily type III collagen bundles

are flatter, with the fibers arranged in a wavy pattern

but predominantly oriented parallel to the epithelial

surface.6–9 Furthermore, nodular structures in which

alpha-smooth muscle actin (a-SMA)-expressing

myofibroblasts, small vessels, and fine collagen fi-

bers are present characterize hypertrophic scars
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(Figure 3A). In contrast, in keloids, collagen bundles

are virtually nonexistent, and the collagen type I and

III fibers lie in haphazardly connected loose sheets

(Figure 3B) randomly oriented to the epithelial sur-

face.10,11 Overproduction of fibroblast proteins like

transforming growth factor-beta (TGF-b) and platelet-

derived growth factor (PDGF) in both abnormal

wound responses suggests pathologic persistence of

wound healing signals or failure of the appropriate

down-regulation of wound-healing cells12,13 (Table 1).

Normal Wound-Healing Process

Understanding the normal sequence of wound heal-

ing is important in understanding the pathophysiol-

ogy and treatment of hypertrophic scars and keloids.

Normal wound healing occurs in three phases: (1)

the inflammatory phase, (2) the proliferative or

granulation phase, and (3) the maturation or re-

modeling phase.

The initial inflammatory phase begins at the time

of wounding, when activation of the coagulation

cascade causes a release of cytokines that stimulate

chemotaxis of unspecific immune cells (e.g., macro-

Figure 1. (A) Hypertrophic scars with intense itching 5 months after reduction mammoplasty. (B) 1 month after scar excision
and suturing without resorbable suture. (C) 9 months postoperatively, the scars were hypertrophic again and were treated
with corticosteroid injections. (D) Result after five cycles of corticosteroid therapyF25 months after surgery.

Figure 2. (A) Massive keloid formation after ear piercing. (B)
Pressure therapy after keloid excision with a pressure clip.
(C and D) Results 3 years after successful therapy.
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phages and neutrophils) into the wound for early

wound debridement. After 48 to 72 hours, the

inflammatory process passes into the proliferative

phase, which lasts for 3 to 6 weeks. Fibroblasts are

attracted into the wound to synthesize granulation

tissue. This granulation tissue is composed of pro-

collagen, elastin, proteoglycans, and hyaluronic acid

and forms a structural repair framework to allow

vascular ingrowth. Myofibroblasts containing myo-

filaments (a-SMA, desmin) are responsible for phys-

iologic wound contraction, and once a wound is

closed, the immature scar can move on to the final

maturation phase, which can last several months.13–15

A multitude of signaling molecules, including growth

factors [TGF-b, PDGF, vascular endothelial growth

factor (VEGF)], mitogen-activated protein (MAP)

kinases, matrix metalloproteinases (MMPs), and

tissue inhibitors of metalloproteinases (TIMPs), reg-

ulate this complex process of wound healing on the

molecular level (Figure 4). The effector molecules

that link these regulatory signals and the various

phases of wound healing are incompletely under-

stood,16–19 although it is known that a derailment in

this complex wound-healing process contributes to

hypertrophic scars and keloid formation.3

Pathophysiology of Hypertrophic Scars

and Keloids

In the normal maturation phase, the nodularity and

redness of the wound soften and flatten due to on-

going simultaneous collagen synthesis and degrada-

tion and the connective tissue elements regress after

the third week.2 In keloids, the collagen synthesis is

approximately 20 times as great as that in normal

unscarred skin and three times as great as in hyper-

trophic scars.20,21 Abergel and colleagues showed

that not only is collagen production high in hyper-

trophic scars and keloids, but the ratio of type I to

type III collagen is also high.22 Friedman and

colleagues postulated that, in keloids, the down-

regulation of type I collagen synthesis is inefficient.23

This collagen overproduction can be attributed

to the stronger proliferating activity of keloid

Figure 3. (A) Hypertrophic scar, overview, Van Gieson stain,
� 20. Note a raised, nodular structure consisting of parallel
collagen bundles. (B) Keloid, detail, hematoxylin and eosin
stain, �100. Note thick, haphazardly lying, nonoriented col-
lagen bundles.

TABLE 1. Clinical Features of Hypertrophic Scars

and Keloids

Hypertrophic Scars Keloids

Develop soon after sur-

gery

May develop months after

the trauma

Usually improve with

time

Rarely improve with time

Remain within the con-

fines of the wound

Spread outside the

boundaries of the initial

lesion

Occur when scars cross

joints or skin creases

at a right angle

Occur predominantly on

the ear lobe, shoulders,

sternal notch, rarely de-

velop across joints

Improve with appropriate

surgery

Are often worsened by

surgery

Are of frequent incidence Are of rare incidence

Have no association with

skin color

Are associated with dark

skin color
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fibroblasts.24 Aside from high collagen synthesis and

proliferation of fibroblasts in keloids, Oliver and

colleagues and Babu and colleagues found that

keloid-derived fibroblasts show a rate of fibronectin

biosynthesis that is as much as four times as high as

that of fibroblasts from normal scars and normal

dermis.25,26

Recent studies investigated the influence of various

growth factors in scar and keloid formation. TGF-b
and PDGF have been shown to play an integral role

in the formation of hypertrophic scars and keloids.

The majority of cells involved in wound healing ex-

press TGF-b in an inactive form that strongly pro-

motes the chemotaxis of fibroblasts to the site of

injury. Moreover, this growth factor plays a critical

role in fibroblast proliferation and collagen produc-

tion.27 When wound repair is completed, the activity

of TGF-b is normally turned off. In keloidal tissue,

TGF-b is overproduced and poorly regulated

through normal autocrine signaling mechanisms. At

the same time, keloid fibroblasts have greater num-

bers of growth factor receptors and respond more

intensely to growth factors such as TGF-b and

PDGF.15,28 Less synthesis of molecules that promote

matrix breakdown (e.g., MMPs) may also explain

the lack of scar regression seen in keloids.13

Furthermore, disturbed apoptosis mechanisms are

discussed in the development of hypertrophic scars

and keloids. Messadi and colleagues and Luo and

colleagues demonstrated a significantly higher rate

of apoptosis in normal skin fibroblasts than in

keloidal fibroblasts.29,30

Etiology

Factors that play a major role in keloid development

are genetic predisposition and some form of skin

trauma.2 Skin or wound tension has also been im-

plicated as a critical factor in hypertrophic scars and

keloids, as have been incisions beyond the relaxed

skin tension lines.31,32 Scars that cross joints or skin

creases at a right angle are predisposed to form

hypertrophic scars because of the constant tension

forces that occur.33 Although keloids can occur at

any age, they tend to develop more readily during

and after puberty.2 Davies explained this fact by

stating that younger individuals are more frequently

subjected to trauma and their skin is more elastic

than the skin of elderly persons.34 The fact that

keloids are 15 times as likely to occur in darker-

skinned individuals points to genetic influences.35

Keloid formation mainly occurs in parts of the body

with high concentrations of melanocytes, and it is

ENVIRONMENTAL
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Figure 4. Pathogenesis of abnormal wound healing.
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rare on the soles and palms. Keloid formation has

also been associated with endocrine factors. Meno-

pause also prompts the recession of keloids, whereas

women report keloid onset or enlargement during

pregnancy.21,36

Prevention and Treatment

The most important factor in hypertrophic scar and

keloid formation is prevention. Avoiding all unnec-

essary wounds, especially in keloid-prone patients,

remains an obvious but imperfect solution.3 All

surgical wounds should be closed with minimal

tension, incisions should not cross joint spaces,

midchest incisions should be avoided, and incisions

should follow skin creases whenever possible.3,33,37

Especially in head and neck surgery, the esthetic

subunits of the face must be considered for incision

sites.38 An atraumatic operation technique should be

used, followed by efficient hemostasis, and wound

closure should include eversion of the wound edges.

It is also crucial to properly débride contaminated

wounds and limit foreign bodies in the form of

polyfilamentous sutures.3 Particularly in the face,

subcutaneous sutures should be used only when

necessary. Furthermore, wound healing and the es-

thetic outcome of scar formation can be improved

with massage or greasing ointments38 (Figure 5).

Surgery for Hypertrophic Scars

For patients with hypertrophic scars from compli-

cated (e.g., infected) wounds or delayed closure,

simple excision is the therapy of choice. Scar revision

as a treatment achieves two aims: excision and

narrowing of scars as done for wide-spread scars and

Z- or W-plasty designed to change the direction of

the scar.2,39 The extension of a reduced distance is

the main principle of Z-plasty, and this surgical scar

disruption turns the main axis of the scar parallel to

Therapeutical recommendation on hypertrophic scars and keloids

Hypertrophic scars Keloids

Diagnosis Diagnosis

?? Etiology ??

Wound tension

Genetical predisposition Scars crossing joints

Complicated wounds
(e.g. infected wounds, delayed closures)

Corticosteroids
(soften and flatten
scars scars - less
conspicuous)

Topicalsilicone gel
(prophylaxis for known
hypertrophic scar formers)

Pressure (in the early phase of hypertrophic scar
formation and as prophylaxis in keloid prone patients or
keloid prone regions)

Skin graft for wound closure with minimal
tension

Differentiation via clinical and histological criteria

Incisions beyond the
relaxed skin tension lines Therapy

Combined therapeutical regime
CAVE - Restrictive indication for surgery
(keloids are often worsened by surgery)

Intramarginal excision
combined with 
intralesional steroids

Intramarginal excision
combined with
radiation therapy

Intramarginal excision
combined with
pressure therapy

Z- or W-Plasty to site the scar within the
skin creases (relaxed skin tension lines)

Simpleexcision + primary closure due
to complicated wounds

Etiology

Corticosteroids
to soften and flatten keloidsTherapy

Surgery

Figure 5. Therapeutic recommendation for hypertrophic scars and keloids.
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skin creases.2,39,40 Z-plasty is ideal in patients with

hypertrophic scars crossing joints or wrinkle creases

at a right angle, because this technique brings the

new scar within the relaxed skin tension lines,39

which ultimately improves healing. For the correc-

tion of facial scars, W-plasty seems to be optimal

because every other scar shank can be positioned

within the skin creases.2,39,41 This therapeutic pro-

cedure causes a disruption of the scar that makes the

lesion less conspicuous. Unfortunately, not all

wounds after scar excision can be closed per pri-

mam. Especially in facial surgery, autologous skin

transplants, namely full-thickness skin transplants

or composite fat-skin grafts, are another valuable

alternative to achieve wound closure with minimal

tension.42 The preferred donor sites for skin grafts

used for facial defects are the retro- and preauricular

sites, as well as the neck or the upper lid. From an

esthetic point of view, the color match and texture of

these near facial regions is superior to those of the

upper arm and other donor sites42 (Figure 1A–D).

Surgery for Keloids

Simple total excision of a keloid stimulates addi-

tional collagen synthesis, thus sometimes prompting

quick recurrence of a keloid even larger than the

initial one.43,44 For this reason, intramarginal sur-

gical excision of keloid tissue is recommended in

order not to stimulate additional collagen synthe-

sis.45 Surgical excision of a keloid alone is associated

with a high recurrence rate.46–48 Thus, surgical

therapy should be combined with adjuvant treatment

such as pressure, corticosteroids, and radiotherapy.

Kauh and colleagues demonstrated that surgical

excision combined with steroid injection into the

wound bed causes down-regulation of type I colla-

gen gene expression without compromising wound

healing.49 If intralesional steroids are used postop-

eratively, we recommend leaving the sutures 3 to 5

days longer to prevent wound dehiscence. Never-

theless, surgical therapy for the treatment of

keloids has been relegated mainly to second-line

therapy for lesions unresponsive to steroids or

pressure20 (Figure 2A–D).

Pressure

The use of pressure to treat keloids was initially

described in 1835,50 although compression therapy

was not popularized until the 1970s, when physi-

cians noted that pressure stockings used on lower

extremity burns resulted in scars that matured more

rapidly, with less erythema and thickness.51 The

compression phenomenon is not well understood,

but theories include the following:50

(1) a decrease in blood flow with a resultant decrease

in a2-macroglobulin and a subsequent increase in

collagenase-mediated collagen breakdown, nor-

mally inhibited by a2-macroglobulin,

(2) hypoxia leading to fibroblast degeneration and

collagen degradation,

(3) lower levels of chondroitin 4-sulfate, with a

subsequent increase in collagen degradation,

(4) decreased scar hydration, resulting in mast cell

stabilization and a subsequent decrease in neo-

vascularization and matrix production.

Histologic examination showed that pressure ther-

apy in hypertrophic scars partly restores the extra-

cellular matrix organization, like that observed in

normal scar tissue, and induces the disappearance

of a-SMA-expressing myofibroblasts, probably by

apoptosis.11 Recent studies have investigated pres-

ence of epilysin (MMP-28), a proteolytic enzyme

expressed by keratinocytes in response to injury, in

normal and hypertrophic scars and evaluated the

effect of in vitro compression on its expression.

Immunohistochemistry revealed a slight protein

presence in normotrophic scar keratinocytes and

strong positivity in hypertrophic scar keratinocytes,

whereas compression therapy induced a significant

reduction in this protein in hypertrophic scars.52

Other experimental studies were able to show that

tumor necrosis factor-a (TNF-a) release, which is

significantly enhanced in hypertrophic scars, can be

diminished with compression therapy, whereas the

apoptosis rate can be strongly increased in hyper-

trophic scars with pressure.53
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The part of the face most amenable to the use of

pressure dressings is the ear lobe (Figure 2), and

pressure clips are in common use for patients with

ear lobe keloids.54,55 Pressure therapy should be

started immediately after reepithelialization of the

wound, and patients should wear these pressure de-

vices for continuous 8 to 24 hours a day for the first

6 months of scar healing.2,3,56 The success rate de-

pends largely on patient compliance.

Topical Silicone Gel

Topical silicone gel sheeting has enjoyed much pop-

ularity in the treatment of abnormal scars. First re-

ported in the early 1980s, silicone therapy has

recently been marketed for at-home use to improve

the appearance of any scar.3 It is recommended that

these silicone sheets be worn at least 12 hours a day

for a minimum of 2 months. The mechanism of

action is unknown, but it has been suggested that the

greater wound hydration achieved using occlusive

therapy (silicone and non-silicone based) affects

local keratinocytes to alter growth factor secretion

and, secondarily, influences fibroblast regulation.57–59

It is also believed that hydration decreases capillary

permeability, inflammatory and mitogenic media-

tors, and collagen synthesis.50 In patients who are

known to be hypertrophic scar formers, topical sil-

icone gel sheeting has a distinct effect in impeding

the formation of abnormal scars in surgical incisions.

Application of silicone gel sheets should begin as soon

as reepithelialization is finished, and daily application

for at least 12 hours is recommended,54 although the

exact duration needed for maximum benefit is un-

known and requires further investigation.

Radiation

Debeurmann and Gougerot first described the use of

X-rays for the treatment of keloids in 1906.60 Later

evidence showed that radiation therapy alone is in-

adequate for the treatment of keloids;61 therefore,

Cosman and colleagues introduced the use of post-

excision radiation therapy as an adjunct to surgical

excision.62 The reported efficacy rate varied between

65% and 99% compared with excision alone.63,64 It

is suggested that radiation directly affects fibroblast

proliferation by inducing apoptosis. The total dose

recommended for the treatment of keloids varies

from 15 to 20 Gy fractionated over five to six treat-

ments.3 The main drawback of radiation therapy,

aside from hyperpigmentation, is the risk of radia-

tion-induced malignancy, although only a few cases

have been described, and large treatment cohorts

with extensive follow-up have provided no evidence

to substantiate the risk of carcinogenesis.65,66

Nevertheless, radiation therapy is contraindicated in

children, as well as in areas of high carcinogenic

potential, namely the breast and thyroid.

Laser Therapy

Many laser types, including the carbon dioxide laser

and the pulsed dye laser (PDL), have been tested for

treatment of hypertrophic scars and keloids, with

varied results.67,68 The carbon dioxide laser, which is

commonly used for skin resurfacing, has not been

proven to be more effective in treating problem scars

than are other methods.3 The PDL is considered to

be the criterion standard for vascular lesions, such as

port wine stains, initial hemangiomas, and facial

telangiectasias. Additionally, this laser type is often

successfully used for non-vascular indications,

such as keloids or hypertrophic scars.69 Currently,

the PDL wavelengths 585 and 595 nm are most

frequently used for therapeutic purposes. Alster

reported an average improvement of 57% after the

first treatment and 83% after the second treatment

with PDL for hypertrophic surgical and traumatic

scars. In addition to a reduction in erythema, flat-

tening, a clear reduction in itching and pain, and

optimization of the skin texture have been ob-

served.70 The entire scar in each patient was exposed

to PDL at a wavelength of 585 nm, a pulse duration

of 0.45 ms, and a fluence of 6.5 to 7.25 J/cm2. Recent

biochemical studies suggest that 585-nm PDL treat-

ment alters signaling pathways to favor collagen

degradation and fibroblast apoptosis.71,72 In con-

trast to the above-cited results, Chan and colleagues

failed to show any clinical improvement using PDL
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for hypertrophic scars. In 27 hypertrophic scars,

one side of each of which was treated (585 nm, 7–8

J/cm2, 2.5 ms, 5 mm), the authors documented no

superiority of the treated half after three to six

treatments regarding thickness and elasticity, al-

though pain and touch sensitivity were far better on

the treated side.73 Several reports have shown a

trend toward better clinical improvement using low

to moderate fluences,69 although laser therapy

has not shown a clear advantage over cold scalpel

excision, especially in keloids.74,75

Corticosteroids

Intralesional corticosteroid injections have become a

mainstay in the treatment of hypertrophic scar and

keloids, alone or in combination with other thera-

peutic procedures.76 Corticosteroid application can

soften and flatten keloids but cannot narrow hyper-

trophic scars or eliminate keloids.2 Intralesional

corticosteroid injection decreases fibroblast prolifer-

ation, collagen synthesis, and glycosaminoglycan

synthesis and suppresses pro-inflammatory media-

tors.40,50 We recommend beginning with direct serial

intralesional corticosteroid injections in an already-

developing keloid or hypertrophic scar. The most

commonly used drug for steroid injection is

triamcinolone acetonide (TA) at a dose of 5 to

10 mg/mL, which should be injected with a 25- to

27-gauge needle into the upper dermis of a devel-

oping hypertrophic scar54 every 3 to 6 weeks. In-

jections are discontinued when the scar is stable,

when surgical intervention is indispensable, or if side

effects such as tissue atrophy, hypopigmentation or

telangiectasia develop.5 The treatment of preexisting

keloids should begin with three monthly, intralesio-

nal injections of TA at a dose of 40 mg/mL mixed

with equal parts of 2% lidocaine.33,54 Some authors

also recommend the addition of hyaluronidase,

which helps to disperse the injection.32

Because tissue absorption through intact or sutured

skin is poor, the use of topical steroids is indicated

only for superficial lesions, such as those occurring

from dermabrasion.77

Other Pharmacologic Therapies

5-Fluorouracil

Intralesional injection of the pyrimidine analog

5-fluorouracil (5-FU) has been investigated for the

regression of keloids and hypertrophic scars. 5-FU

targets rapidly proliferating fibroblasts in dermal

wounds responsible for excessive collagen produc-

tion.27 5-FU has been shown to be effective in the

treatment of hypertrophic scars, whereas studies of

intralesional 5-FU application have provided mixed

results in keloids.3 The injection can be painful, and

purpura and ulcers have been documented.39,78 5-FU

can also be combined with corticosteroids; Fitzpat-

rick was the first to report improved efficacy and less

painful injections by mixing corticosteroids

(triamcinolone acetonide) with 5-FU.79 Apikian and

Goodman found that the combination of 5-FU with

corticosteroids has fewer undesirable side effects

than intralesional corticosteroid injection alone.80

This combined therapy provides also more rapid

response.81

Imiquimod 5% Cream

Imiquimod 5% cream, a topical immune response

modifier, is approved for the treatment of genital

warts, basal cell carcinoma, and actinic keratoses.82

Imiquimod stimulates interferon a, a proinflamma-

tory cytokine, which increases collagen breakdown.

Additionally, imiquimod alters the expression of

apoptosis-associated genes.83 Therefore, it has been

used in an attempt to reduce keloid recurrence after

excision. Berman and Kaufman reported positive

effects on the recurrence rate of keloids after post-

operative application in 12 patients.84 By contrast,

Malhotra and colleagues showed a complete recur-

rence of presternal keloids after keloid excision

and after imiquimod therapy.85 The role of imiqui-

mod in the prevention of hypertrophic scars is under

evaluation.

Onion Extract

Allium cepa, or onion extract, is found in numerous

scar treatment products.83 This ‘‘botanical’’ ingredi-
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ent exhibited antiinflammatory, bacteriostatic, and

collagen down-regulatory properties86 and improves

collagen organization in a rabbit ear model,87 but

three major clinical studies in the United States

evaluating the effects of onion extract on human

wound healing showed no evidence that this extract

could be beneficial in improving hypertrophic scars.

Products containing onion extract did not improve

scar cosmesis or symptomatology any more than a

petrolatum-based ointment.83

Interferons

Interferons are cytokines secreted by T-helper cells

that, apart from other functions, suppress fibrosis.

All interferon isoforms (a, b, g) have been shown to

reduce collagen and extracellular matrix production

while increasing collagenase level but have been

applied only experimentally and predominantly in

small numbers of patients. Furthermore, the use of

interferons is also associated with severe side effects,

including fever, chills, night sweats, fatigue, myalgia,

and headache.88,89

Immunotherapy

Immune modulators and antibody therapies are new

in the context of problem scars. Commercial drugs

like tacrolimus and sirolimus are known to affect

cytokine activation, TNF-a, interferons, and inter-

leukins, with wide-ranging effects on inflammation

and cell-cycle regulation. Topically used, these drugs

may suppress fibroblast activity and increase the

apoptosis rate in keloids.84 Anti-TGF-b antibody

application use in animal models decreased scar

hypertrophy and collagen contraction.90 Further

molecular investigations will yield more specific,

probably gene-based, therapies that are designed not

only to treat, but also to prevent problem scars.

Conclusion

The development of hypertrophic scars and keloids

is a frustrating problem for the patient and the

physician. Despite decades of research, the patho-

physiology of aberrant wound healing remains

incompletely understood, and the therapeutic inter-

ventions for such lesions often give inconsistent and

suboptimal results. The appropriate planning of in-

cisions and gentle handling of the tissue is indis-

pensable in keloid prevention. A better

understanding of growth factor functions, wound

matrix degradation, and immune regulatory pro-

cesses is beginning to elucidate the complex process

of scar formation. These investigations will help to

develop more specific therapies for treating and

preventing problem scars.
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