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Excessive scars form as a result of aberrations of physiologic wound healing and may arise following any insult to the deep dermis. By causing pain, pruritus and contractures, excessive scarring significantly affects the patient’s quality of life, both physically
and psychologically. Multiple studies on hypertrophic scar and keloid formation have been conducted for decades and have led
to a plethora of therapeutic strategies to prevent or attenuate excessive scar formation. However, most therapeutic approaches
remain clinically unsatisfactory, most likely owing to poor understanding of the complex mechanisms underlying the processes of
scarring and wound contraction. In this review we summarize the current understanding of the pathophysiology underlying keloid
and hypertrophic scar formation and discuss established treatments and novel therapeutic strategies.
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INTRODUCTION
A total of 100 million patients develop
scars in the developed world alone each
year as a result of 55 million elective operations and 25 million operations after
trauma (1). Excessive scars form as a result of aberrations of physiologic wound
healing and may develop following any
insult to the deep dermis, including burn
injury, lacerations, abrasions, surgery,
piercings and vaccinations. By causing
pruritus, pain and contractures, excessive
scarring can dramatically affect a patient’s quality of life, both physically and
psychologically.
Excessive scarring was first described
in the Smith papyrus about 1700 BC (2).
Many years later Mancini (in 1962) and
Peacock (in 1970) differentiated excessive
scarring into hypertrophic and keloid
scar formation. Per their definition, both
scar types rise above skin level, but while
hypertrophic scars do not extend beyond

the initial site of injury, keloids typically
project beyond the original wound margins (3,4). Nevertheless, clinical differentiation between hypertrophic scars and
keloids can be problematic. Incorrect
identification of scar type may result in
inappropriate management of pathologic
scar formation, and occasionally contribute to inappropriate decision making
related to elective or cosmetic surgery (5).
Although there are clinical similarities between hypertrophic scars and
keloids, there are some clinical, histological and epidemiological differences
(Table 1 and Figure 1) that indicate that
these entities may be distinct from one
another (5,6).
HYPERTROPHIC SCARS VERSUS KELOIDS
Clinical Characteristics
Hypertrophic scarring usually occurs
within 4 to 8 weeks following wound in-
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fection, wound closure with excess tension or other traumatic skin injury (7), has
a rapid growth phase for up to 6 months,
and then gradually regresses over a period of a few years, eventually leading to
flat scars with no further symptoms (8,9).
Keloids, in contrast, may develop up to
several years after minor injuries and may
even form spontaneously on the midchest
in the absence of any known injury.
Keloids also persist, usually for long periods of time, and do not regress spontaneously (10). Keloids appear as firm,
mildly tender, bosselated tumors with a
shiny surface and sometimes telangiectasia. The epithelium is thinned and there
may be focal areas of ulceration. The color
is pink to purple and may be accompanied by hyperpigmentation (11). The borders of the tumor are well demarcated but
irregular in outline. A hypertrophic scar
has a similar appearance, but is usually
linear, if following a surgical scar, or
papular or nodular, following inflammatory and ulcerating lesions (12). Both lesions are commonly pruritic, but keloids
may even be the source of significant pain
and hyperesthesia (7,9).
In the majority of cases, hypertrophic
scarring develops in wounds at anatomic
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Table 1. Hypertrophic scars and keloids: epidemiological, clinical and histological differences.

Incidence

Hypertrophic scarring

Keloids

40% to 70% following surgery, up to 91% following
burn injury

6% to 16% In African populations

Equal in sex distribution with highest incidence in the second to third decade
Predilection sites

Shoulders, neck, presternum, knees and ankles

Anterior chest, shoulders, earlobes, upper arms and
cheeks

Less affected: eyelids, cornea, palms, mucous membranes, genitalia and soles
Time course

Within 4 to 8 weeks following wounding, rapid
growth phase for up to 6 months, then regression
over a period of a few years

Within years after minor injuries or spontaneous
formation on the midchest in the absence of any
known injury. Persistence for long periods of time.
No spontaneous regression

Low recurrence rates after excision of the original
hypertrophic scar

High recurrence rates following excision

Appearance

Do not extend beyond the initial site of injury

Projects beyond the original wound margins

Histological characteristics

Primarily fine, well-organized, wavy type III collagen
bundles oriented parallel to epidermis surface with
abundant nodules containing myofibroblasts and
plentiful acidic mucopolysaccharide. Proliferating
cell nuclear antigen (PCNA)/p53-level/ATP
expression low

Disorganized, large, thick, type I and III hypocellular
collagen bundles with no nodules or excess
myofibroblasts. Poor vascularization with widely
scattered dilated blood vessels. PCNA/p53-level/ATP
expression high

locations with high tension, such as
shoulders, neck, presternum, knees and
ankles (9,12,13), whereas anterior chest,
shoulders, earlobes, upper arms and

Figure 1. Clinical appearance of hypertrophic scars and keloids. Development of
hypertrophic scars after a scald burn (A);
hypertrophic scar on lower leg 4 months
after surgical procedure (B); keloid on
chest after two minor operations (C); keloid
on right ear, no history of trauma (D).

cheeks have a higher predilection for
keloid formation. Eyelids, cornea, palms,
mucous membranes, genitalia and soles
are generally less affected (14). Keloids
tend to recur following excision, whereas
new hypertrophic scar formation is rare
after excision of the original hypertrophic scar (13,15).
Histology
Histologically, both hypertrophic scars
and keloids contain an overabundance of
dermal collagen. Hypertrophic scars contain primarily type III collagen oriented
parallel to the epidermal surface with
abundant nodules containing myofibroblasts, large extracellular collagen filaments
and plentiful acidic mucopolysaccharides
(6). Keloid tissue, in contrast, is mostly
composed of disorganized type I and III
collagen, containing pale-staining hypocellular collagen bundles with no nodules or
excess myofibroblasts (Table 1) (6,16). Both
scar types demonstrate overproduction of
multiple fibroblast proteins, including fibronectin, suggesting either pathological
persistence of wound healing signals or a
failure of the appropriate downregulation
of wound-healing cells (16).

Epidemiology
The occurrence of keloids and hypertrophic scars has equal sex distribution
and the highest incidence in the second to
third decade (17,18). Incidence rates of hypertrophic scarring vary from 40% to 70%
following surgery to up to 91% following
burn injury, depending on the depth of
the wound (19,20). Keloid formation is
seen in individuals of all races, except albinos, but dark-skinned individuals have
been found to be more susceptible to
keloid formation, with an incidence of 6%
to 16% in African populations (14,21). The
concept of a genetic predisposition to
keloids has long been suggested, because
patients with keloids often report a positive family history, unlike patients suffering from hypertrophic scarring. Bayat and
colleagues (22) compared the profiles of
patients of Afro-Caribbean origin with
keloid scars at single versus multiple
anatomical site and found the latter to be
more common in younger age groups and
in females. An important finding was that
more than 50% of all keloid patients had a
positive family history of keloid scarring,
and family history was strongly associated with the formation of keloid scars in
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multiple sites as opposed to a single
anatomical site. Marneros and colleagues
(23) studied two families with an autosomal-dominant inheritance pattern of
keloids and identified linkage to chromosome 7p11 and chromosome 2q23 for the
African and Japanese family, respectively.
Brown and colleagues (24) found a genetic association between HLA-DRB1*15
status and the risk of developing keloid
scarring in white individuals. Also, carriers of HLA-DQA1*0104, DQB1*0501 and
DQB1*0503 have been reported to be have
an increased risk of developing keloid
scarring (24). Keloid growth may also be
stimulated by various hormones, as indicated by some studies in which results
have suggested a higher incidence of
keloid formation during puberty and
pregnancy, with a decrease in size after
menopause (18,25,26). Also, immunologic
associations of keloids have been proposed. A study by Placik and Lewis (27)
revealed a direct correlation between the
incidence of keloid formation and levels
of serum immunoglobulin E, and Smith et
al. (28) found a higher incidence of allergic symptoms in keloid-afflicted patients
compared with individuals with hypertrophic scars, suggesting a possible role of
mast cells in the pathophysiology of
keloid formation. Other investigators
have reported an association between the
formation of keloids and blood type A
(14,29).
PATHOPHYSIOLOGY OF EXCESSIVE
SCAR FORMATION
The physiologic response to wounding in adult tissue is the formation of a
scar, a process that can be temporally
grouped into three distinct phases (Figure 2): inflammation, proliferation and
remodeling (14).
Immediately following wounding,
platelet degranulation and activation of
the complement and clotting cascades
form a fibrin clot for hemostasis, which
acts as a scaffold for wound repair (30).
Platelet degranulation is responsible for
the release and activation of an array of
potent cytokines, such as epidermal
growth factor (EGF), insulinlike growth

Figure 2. Differences between normal wound healing and excessive scar formation over
time. Processes of wound repair follow a specific time sequence and can be temporally
grouped into three distinct phases: inflammation (I), proliferation (II) and remodeling (III).
Platelet degranulation is responsible for the release and activation of an array of potent
cytokines, which serve as chemotactic agents for the recruitment of, for example,
macrophages, neutrophils, epithelial cells and fibroblasts. In normal wounds, a balance is
achieved between new tissue biosynthesis and degradation mediated by apoptosis and
remodeling of ECM (A). During excessive scar formation, a dysfunction of the underlying
regulatory mechanisms may lead to persistent inflammation, excessive collagen synthesis
or deficient matrix degradation and remodeling (B).

factor (IGF-I), platelet-derived growth
factor (PDGF) and transforming growth
factor β (TGF-β), which serve as chemotactic agents for the recruitment of neutrophils, macrophages, epithelial cells,
mast cells, endothelial cells and fibroblasts (14,30). Within 48 to 72 hours after
the initial event, the healing process transitions into the proliferation phase, which
may last for up to 3 to 6 weeks (6). Recruited fibroblasts synthesize a scaffold of
reparative tissue, the so-called extracellular matrix (ECM). This granulation tissue
is made of procollagen, elastin, proteoglycans and hyaluronic acid and forms a
structural repair framework to bridge the
wound and allow vascular ingrowth (6).
Modified fibroblasts, so-called myofibroblasts, which contain actin filaments,
help to initiate wound contraction. Once

the wound is closed, the immature scar
can transition into the final maturation
phase, which may last several months.
The abundant ECM is then degraded and
the immature type III collagen of the
early wound can be modified into mature
type I collagen (6).
The transformation of a wound clot
into granulation tissue thus requires a
delicate balance between ECM protein
deposition and degradation, and when
this process is disrupted, abnormalities
in scarring appear, resulting in either
keloid or hypertrophic scar formation.
Both lesions represent aberrations in
the fundamental processes of wound
healing, in which there is an obvious imbalance between the anabolic and catabolic phases; however, keloids seem to
be a more sustained and aggressive fi-
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brotic disorder than hypertrophic scars
(31). Evidence to date strongly suggests a
more prolonged inflammatory period,
with immune cell infiltrate present in the
scar tissue of keloids, the consequence of
which may contribute to increased fibroblast activity with greater and more
sustained ECM deposition (31). The elucidation of this process may help to explain why keloid scars spread beyond
the margins of the original wound, while
hypertrophic scars, in which the immune
cell infiltrate decreases over time, remain
within the original wound margins and
often regress over time. However, only a
few published studies on the pathophysiology of keloid and hypertrophic scar
formation have included direct comparison of the two entities.
Inflammation
Recent evidence suggests that it is not
simply the severity of inflammation that
predisposes individuals to hypertrophic
and keloid scarring, but also the type of
immune response (31). T-helper (Th)
CD41 cells have been implicated as
major immunoregulators in wound healing. The characteristic cytokine expression profile of the CD41 T cells represents the basis for describing either a
predominantly Th1 or Th2 response to a
specific or unspecific stimulus (32).
While the development of a Th2 response (with production of interleukin
[IL]-4, IL-5, IL-10 and IL-13) has been
strongly linked to fibrogenesis, a predominance of Th1 CD41 cells has been
shown to almost completely attenuate
the formation of tissue fibrosis via production of interferon-γ (IFN-γ) and IL-12
(33,34).
Secretion and activation of these mediators during the inflammatory phase of
healing are prerequisites for subsequent
processes, such as angiogenesis, reepithelialization, recruitment and proliferation
of fibroblasts and matrix deposition (30).
Angiogenesis is stimulated by endothelial chemoattractants and mitogens such
as heparin, fibroblast growth factor
(FGF)-β, IL-8 and IGF-I. Wound reepithelialization occurs following the migration

of epithelial cells from the wound margin and epidermal appendages within
the wound bed and has been shown to
be enhanced by EGF, TGF-α and IGF-I
(30). Fibroblast recruitment and proliferation, and production of ECM, as well as
inhibition of production of proteases required to maintain the balance between
production and degradation, are influenced predominantly by the fibrogenic
growth factors PDGF, IGF-I and FGF-β,
as well as TGF-β (14).
Fibrogenic Response
Inflammation is not the only critical
step in the development of the fibrotic
response. One reason for this hypothesis
is the failure of current antiinflammatory
therapies, even in combination with potent immunosuppressives, to improve
outcomes in fibroproliferative diseases
such as pulmonary fibrosis (35). Current
research thus focuses on direct inhibition
of specific fibrogenic events such as cytokine elaboration, fibroblast proliferation and ECM deposition (36). Central to
the formation of hypertrophic scar and
keloid scar tissue is an alteration of the
fibroblast phenotype (36,37). Indeed,
when compared with normal fibroblasts,
keloid fibroblasts show increased numbers of growth-factor receptors and respond more briskly to growth factors
like PDGF and TGF-β, which may upregulate these abnormal cells from the
beginning of wound healing (38,39).
Using Affymetrix-chip analysis to identify pathways critical to keloid pathogenesis, Smith and colleagues found
increased expression of several IGFbinding and IGF-binding–related proteins and decreased expression of a subset of Wnt-pathway inhibitors and
multiple IL-1–inducible genes, providing
preliminary evidence for epigenetic silencing of a subset of genes in the altered program of keloid fibroblasts (40).
TGF-β. Many of the biologic actions of
TGF-β contribute to the normal woundhealing process and have been implicated in a wide variety of fibrotic disorders. Early after injury, high levels of
TGF-β are being released from degranu-

lating platelets at the site of injury, where
they act as chemoattractants for lymphocytes, fibroblasts, monocytes and neutrophils (41).
The TGF-β family consists of at least
five highly conserved polypeptides, with
TGF-β1, -β2 and -β3 being the principal
mammalian forms. TGF-β1 and -β2 are
among the most important stimulators of
collagen and proteoglycan synthesis, and
they affect the ECM not only by stimulating collagen synthesis but also by preventing its breakdown (42,43). In contrast, TGF-β3, which is predominantly
induced in the later stages of wound
healing, has been found to reduce connective tissue deposition (44). TGF-β has
been linked to hypertrophic scar and
keloid formation in a number of ways.
Strong and persistent expression of TGF-β
and its receptors has been shown in
fibroblasts of post-burn hypertrophic
scars (45). Also, overexpression of TGF-β1
and -β2 has been found in keloid and
keloid-derived fibroblasts, with significantly lower TGF-β3 mRNA expression
(46,47). Comparing the expression profiles of TGF-β1, -β2 and -β3 and their receptors in keloids, hypertrophic scar and
normal skin derived fibroblasts, Bock
and colleagues found significantly lower
TGF-β2 mRNA expression in hypertrophic scar fibroblasts compared with
fibroblasts derived from keloids and normal skin, while TGF-β3 mRNA expression was significantly lower in keloid fibroblasts in comparison with fibroblasts
derived from hypertrophic scar and normal skin (44). Thus, specifically, beyond
1 week, differential expression of TGF-β
isoforms, receptors and activity modulators, rather than the mere presence or absence of TGF-β, may have a major role in
the development of both keloids and hypertrophic scarring (48).
Indeed, antisense phosphorothioate
oligonucleotides against TGF-β1 and -β2
have been used in vivo to significantly reduce postoperative scarring in rabbit and
mouse models of glaucoma surgery (49).
In two studies, Shah and colleagues
(50,51) found that dermal wounds of
adult rats healed without scar-tissue for-
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mation after injection of a neutralizing
antibody to TGF-β1 and -β2 into the
wound margins, compared with controls.
The SMAD signal-transduction
pathway as a downstream mediator of
TGF-β action. The SMADs are a family
of intracellular regulatory proteins that
act downstream of the TGF-β type I receptor in the cell’s response to a specific
TGF-β (Figure 3). Once these SMADs are
phosphorylated, they form a complex
with the common mediator Co-SMAD 4.
This SMAD complex translocates to the
nucleus, where it is recruited to DNA by
site-specific inhibitors, activators or coactivators to regulate the transcription of
specific genes (52).
SMAD intracellular signaling proteins
can be categorized into receptor-regulated
SMADs (R-SMADs), common-mediator
SMADs, and inhibitory SMADs (53).
R-SMADs 3 and 4 have been identified as
the predominant mediators of autocrine
stimulation by TGF-β in hypertrophicscar–derived fibroblasts (54). The potential importance of SMAD3 and its relationship with TGF-β in keloid etiology
has been demonstrated by Wang et al.,
who showed that downregulation of
SMAD3 expression can significantly decrease procollagen gene expression and
reduce ECM deposition by keloid fibroblasts (55). Inhibitory SMAD 7 prevents
phosphorylation of R-SMADs by forming
stable associations with activated type I
TGF-β receptors and thus provides negative feedback to the actions of TGF-β (56).
Indeed, a potential therapeutic benefit of
SMAD 7 overexpression has already been
shown in bleomycin-induced lung fibrosis, postobstructive renal fibrosis and excessive cutaneous scar formation (57–59).
SMAD 3 inhibition and SMAD 7 overexpression may thus be potential therapeutic targets to improve excessive scarring.
Interactions between keratinocytes
and fibroblasts. Keratinocytes have been
shown to mediate the behavior of fibroblasts during wound healing through
their secretion, activation or inhibition of
growth factors such as TGF-β (32). In
particular, the release of IL-1 from keratinocytes at the wound site seems to

Figure 3. The SMAD signal-transduction pathway as a downstream mediator of TGF-β action. The TGF-β receptor consists of type I and type II subunits that are serine-threonine kinases that signal through the SMAD family of proteins. Binding of TGF-β to its cell-surface
receptor type II causes phosphorylation of the type I receptor by type II. The type I receptor is then able to phosphorylate and activate the R-SMAD proteins. Once these SMADs
are phosphorylated, they form a complex with the common mediator Co-SMAD 4. This
SMAD complex translocates to the nucleus, where the activated SMAD complex recruits
other transcription factors (TF) that together activate the expression of target genes mediating the biological effects of TGF-β. Inhibitory SMAD 7 is able to prevent phosphorylation of R-SMADs by forming stable associations with activated type I TGF-β receptors and
thus provides negative feedback to the actions of TGF-β.

represent the initial trigger for the inflammatory reaction and serves as an autocrine signal to fibroblasts and endothelial cells, resulting in a pleiotropic effect
on them (60,61). Greater thickness of
neodermis production was seen in fibroblast-seeded skin models when keratinocytes from hypertrophic scars were
added in culture (32). Similar results
were detected with coculturing of keloidderived keratinocytes and fibroblasts
(62), suggesting that keratinocytes might
have an important role in keloid and hypertrophic scar pathogenesis by producing signals that stimulate the fibroblasts
in the underlying dermis to proliferate or
produce more ECM. The basis for an inherent abnormality among hypertrophic
scar and keloid-derived keratinocytes remains elusive, however.
Mast cells. Our understanding of the
role of the mast cell in scar formation is
expanding with new discoveries regarding cell–cell communication. Mast cells
are an additional leukocyte subset pres-

ent in the skin, and they are an important
source of a variety of proinflammatory
mediators that can promote inflammation
and vascular changes (63). Mediated by
the release of soluble mediators such as
histamine, heparin and cytokines, mast
cells have been shown to promote fibroblast proliferation (64). Increased numbers
of mast cells have been reported during
the active period of hypertrophic and
keloid scar formation (28,65). Clinically,
the release of histamine by these cells
likely contributes to the common patient
complaint of itchiness. In addition, the
vasodilatory effect of histamine may promote erythema and leakage of plasma
proteins into the regional tissues (30).
Matrix Remodeling/Maturation Phase
Matrix metalloproteinases (MMPs).
The major effectors of ECM degradation
and remodeling belong to a family of
structurally related enzymes called
MMPs. The MMP family consists of
about 25 zinc-dependent and calcium-
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dependent proteinases in the mammalian
system (66). The levels of MMP expression in normal cells are low and allow
healthy connective tissue remodeling. An
imbalance in expression of MMPs has
been implicated in a number of pathological conditions such as dermal fibrosis
(67) and tumor invasion and metastasis
(68). In both conditions, cell interactions
between either fibroblasts and keratinocytes or fibroblasts and tumor cells
result in increased MMP production. In
particular, secreted cytokines and growth
factors, including IL-1β, PDGF, EGF and
TNF-α, seem to play important roles in
controlling the signal mechanism involved in regulation of MMP expression
in fibroblasts (69). Several MMPs have
been shown to mediate the breakdown of
type I and III collagen, the most abundant types of collagen in the skin ECM
(66). Specifically, MMP-2 and MMP-9 activity persists after wound closure and
seems to play a potent role in the remodeling process (70). Interestingly, hypertrophic scars and keloids were found to
have high levels of MMP-2 and low levels of MMP-9 (71). MMP-2 was shown to
have major effects on matrix remodeling
later in wound healing via degrading denatured collagen, and MMP-9 was found
to be typically involved in early wound
repair by degrading native types IV and
V collagen, elastin and fibronectin (72,73).
Also, recent in vitro data suggested that
MMPs may downregulate inflammation
via cleavage of chemokines, which then
act as antagonists (74,75).
Decorin. Decorin, a small proteoglycan
with one dermatan sulfate sugar chain, is
normally prevalent in the dermal ECM.
Decorin regulates collagen fibril, fiber
and fiber-bundle organization and has
been shown to be decreased by about
75% in hypertrophic scars (76). Decorin is
able to bind and neutralize TGF-β, thus
minimizing the stimulatory effects of this
cytokine on collagen, fibronectin and glycosaminoglycan production (32). The low
levels of decorin found in hypertrophic
scarring may thus account for their irregular collagen organization, as well as increased ECM production (77). Zhang and

colleagues (78) showed similar results,
with decorin inhibiting both the basal
and TGF-β1–enhanced contraction of collagen gel by both normal and hypertrophic scar fibroblasts, suggesting that
decorin may have therapeutic potential
for excessive skin contraction as observed
in hypertrophic scarring. Mukhopadhyay
and colleagues (79) examined the role of
decorin in keloid tissue and found that
decorin was able to decrease extracellular
matrix proteins, highlighting its importance as an antifibrotic agent.
Apoptosis. Recently, apoptosis has
been shown to play a critical role in the
transition from granulation tissue into
scar formation after tissue injury (43). As
described by Amour and others (32),
wound epithelialization and scar collagen formation are accompanied by a
gradual decrease in cellularity on crosssectional histology. Early immature hypertrophic scars are hypercellular; and
during the process of remodeling and
maturing, fibroblast cell density reduces
to resemble normal skin, partly due to
induction of apoptosis. In particular,
apoptosis of myofibroblasts can be detected 12 days after wounding, and is believed to peak on day 20 in normal scar
formation (32). In hypertrophic scar tissue of severely burned patients, however,
the authors found that maximal apoptosis occurred much later (19–30 months
following injury). The percentage of myofibroblasts was also higher in hypertrophic scars compared with normal
scars or in normal skin, and was found
to correlate with the size of the original
burn (80).
Scar maturation. Scar maturation is
the least recognized phase in the process
of wound healing, and this process is relatively underresearched in regard to the
alterations in the clinical and histologic
appearance of a scar over time. In a
study of incisional scars in patients without any history of excessive scarring,
Bond and colleagues (81) found progressive changes in relation to the dermal
structure but persistent fibroblastic density at 4 months, indicating the existence
of a continuing high-turnover state simi-

lar to the proliferative phase, with subjects younger than 30 years displaying a
prolonged longitudinal progression of
scar maturation compared with subjects
older than 55 years (82). In another study
in which they examined the natural history of scar redness and maturation in
incisional and excisional wounds, the
same authors found that the majority of
scars fade at approximately 7 months.
These investigators also showed that a
considerable proportion of scars displayed persistent redness at 12 months,
in the absence of features suggestive of
hypertrophic or keloid scarring, and they
advocated the term “rubor perseverans”
to describe the physiologic redness of a
normal scar as it matures beyond the
first month (82).
CURRENT AND EMERGING TREATMENT
STRATEGIES
Multiple studies on hypertrophic scar
and keloid formation have led to a
plethora of therapeutic strategies to prevent or attenuate keloid and hypertrophic scar formation. In 2002, Mustoe
et al. published the “international clinical
recommendations on scar management,”
which serve as an outline for most of the
currently published reviews (83). In a recently published work, Durani and
Bayat (84) evaluated for the first time
primary clinical studies on keloid disease therapy over the last 25 years and
levels of evidence for the treatment
modalities assigned. These authors concluded that high-quality research in
evaluating keloid therapy is still lacking.
Within this review we critically discuss
the techniques currently used to
avoid/treat keloid and hypertrophic scar
formation based on our experience from
a dermatological and surgical perspective (Table 2).
It is critical to note that generally most
of the therapeutic approaches we mention may be used for both hypertrophic
scarring and keloids. Nevertheless, clinical differentiation between hypertrophic
and keloid scars is of central importance
before the initiation of any treatment,
particularly before starting any surgical
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Table 2. Hypertrophic scars and keloids: current therapeutic strategies.
Treatment

Use

Indications, efficiency and comments
Prophylaxis

Pressure therapy

Continuous pressure (15–40 mmHg) for at least
23 h/d ≥6 months of scar healing

•Prophylaxis of hypertrophic burn scars, ear keloids
(postexcision)
•Controversial success
•Reduced compliance due to frequent patient
discomfort

Silicone gel sheeting

≥12 h/d for ≥2 months beginning 2 weeks after wound
healing

•Prophylaxis for the development of hypertrophic scars
and keloids
•No effects on mature keloids and hypertrophic scars

Silicone gel

Twice daily for 2 months beginning 2 weeks after
wound closure

Flavonoids

For example, Contractubex gel (Merz Pharma,
Frankfurt, Germany), Mederma Skin Care Gel (Merz,
Pharmaceuticals, Greensboro, NC, USA). Twice daily for
4 to 6 months beginning 2 weeks after wound closure

•Limited to prophylaxis of hypertrophic scar and keloid
development

Current therapies
Corticosteroids

Intralesional injections of TAC (10–40 mg/mL), several
treatments once or twice a month

•First-line therapy for keloids, second-line therapy for
hypertrophic scars
•Combination with surgery, PDL and cryotherapy
•Common adverse effects: skin and subcutaneous
fat atrophy, telangiectasias

Cryotherapy

Contact/spray freezing with liquid nitrogen using
10–20 s freeze-thaw cycles

•Overall effective for hypertrophic scars, for keloids
combination with triamcinolone acetonide injections
recommended
•Limited to management of smaller scars
•Common adverse effects: blistering and pain

Scar revision

Excision with linear, tension-free closure, split- or
full-thickness skin grafting, z-plasty, w-plasty

•Efficacious for therapy of hypertrophic scarring
•Recurrence rates of 45-100% after keloid excision
without adjuvant therapy

Radiotherapy

Superficial x-rays, dosages 15–20 Gy, overall limit 40 Gy.
Over 5-6 sessions in the early postoperative period

•Overall good efficiency rates of adjuvant radiotherapy
after keloid excision
•Common adverse effects: potential risk of malignant
change/carcinogenesis

Laser therapy

Short-pulsed dye laser (585-nm PDL) with doses ranging
from 6.0 to 7.5 J/cm2 (7-mm spot) or from 4.5 to
5.5 J/cm2 (10-mm spot), 2 to 6 treatments every
2 to 6 weeks

•Excellent therapeutic option for the treatment of
primarily keloids and younger hypertrophic scars
•High recurrence rates with other (ablative) laser
techniques for the treatment of keloids

Emerging Therapies
Interferon

Intralesional injection of INF-α2b (1.5–2 × 106 IU)
twice daily over 4 days

5-FU

Intralesional injection of 5-FU 50 mg/mL

•Clinical studies report overall effectiveness
•Common adverse effects: flu-like symptoms on
injection
•Overall effective for the treatment of keloids and
hypertrophic scars
•Common adverse effects: anemia, leucopenia,
thrombocytopenia; blood-count monitoring is needed
No therapy in pregnant women or patients with bone
marrow suppression
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or laser related manipulations as specified below.
Prophylaxis
Prevention of pathologic scarring is
undoubtedly more effective than treatment. Thus, avoiding all unnecessary
wounds in any patient, whether or not
the patient is prone to keloid/hypertrophic scars, remains an obvious but imperfect solution (6). Because delayed epithelialization beyond 10 to 14 days
increases the incidence of hypertrophic
scarring dramatically (83), achievement
of rapid epithelialization is mandatory
for avoiding excessive scar formation. In
particular, wounds subjected to tension
due to motion, body location or loss of
tissue are at increased risk of scar hypertrophy and spreading (85). Thus, in case
of cutaneous injury, the importance of
rapid primary closure of wounds under
little to no tension cannot be overstated.
It is also crucial to adequately debride
contaminated wounds, obtain good hemostasis, handle tissues gently and limit
foreign bodies in the form of debris and
braided polyfilamentous suture material,
such as polyglactin or silk (6).
Pressure therapy. Pressure therapy
has been the preferred conservative
management for both the prophylaxis
and treatment of hypertrophic scars and
keloids since the 1970s. Currently, pressure garments are predominantly used
for the prophylaxis of hypertrophic burn
scar formation, despite controversial
data regarding their value in reducing
excessive scarring and little scientific evidence supporting their use (5). The
mechanism of action of pressure therapy
remains poorly understood; however,
possible mechanisms are decreased collagen synthesis attributable to limiting
of the supply of blood, oxygen and nutrients to the scar tissue (86–88) and increased apoptosis (89).
Recommendations for the amount of
pressure and the duration of the therapy
are based merely on empirical observations and advocate continuous pressure
of 15–40 mmHg for at least 23 hours
and/or 1 day for more than 6 months

while the scar is still active (87,90). However, compression therapy is ultimately
limited by inability to adequately fit the
garment to the wounded area and by patient discomfort, which frequently reduces compliance.
Silicone gel sheeting. Topical silicone
gel sheeting has been a well-established
treatment for management of scars since
its introduction in the early 1980s, and its
therapeutic effects on predominantly hypertrophic scars have been well documented in the literature (91,92). Current
opinion suggests that occlusion and hydration are likely the mechanisms of the
therapeutic action of silicone gel sheeting
rather than an inherent antiscarring
property of silicone (93). Silicone sheets
are recommended to be worn for
≥12 hours and/or 1 day for at least
2 months beginning 2 weeks after wound
healing. Silicone gel is favored for areas
of consistent movement, where sheeting
will not conform, and should be applied
twice daily (6).
Flavonoids. Flavonoids (quercetin and
kaempferol) are found in well-known topical scar creams, such as Mederma skin
care gel (Merz Pharmaceuticals, Greensboro, NC, USA) and Contractubex gel
(Merz Pharma, Frankfurt, Germany). So
far, efficacy studies testing the ultimate
benefit of these flavonoid-containing topical scar creams have provided controversial data (94–98). Interestingly however,
quercetin, a dietary bioflavonoid, has
been recently shown to inhibit fibroblast
proliferation, collagen production and
contraction of keloid and hypertrophic
scar-derived fibroblasts. A study by Phan
and others (94) suggested that these inhibitory effects may be mediated through
inhibition of the above discussed SMAD
2, 3, and 4 expression by quercetin.
Emerging Prophylactic Approaches
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 (99). Imiquimod
stimulates interferon, a proinflammatory
cytokine, which increases collagen break-

down. In addition, imiquimod alters the
expression of apoptosis-associated
genes (100). Therefore, it has been used
in an attempt to reduce keloid recurrence after excision and was reported to
have positive effects on the recurrence
rate of keloids after postoperative application (101). However, in a prospective,
double-blind, placebo-controlled pilot
study in which imiquimod 5% cream
was applied nightly for 2 weeks before
being given 3 times/week under occlusion for 1 month postoperatively, no significant difference in keloid recurrence
rates between groups could be detected
(102). The role of imiquimod in the prevention of postsurgical keloid recurrence thus remains questionable. In a
preliminary, small, randomized, prospective clinical trial, imiquimod was
shown to improve hypertrophic scar
quality after surgery (103), but additional studies with a larger sample size
and longer follow-up are necessary to
determine the role of imiquimod 5%
cream in hypertrophic scar therapy.
Recombinant TGF-β3 and mannose-6phosphate. A recently published milestone study by Ferguson and colleagues
(104) on the prophylactic effects of
TGF-β3 on skin scarring has further increased the current interest in the TGF-β
family. In three double-blind, placebocontrolled studies, intradermal avotermin (recombinant, active human TGF-β3
at concentrations ranging from 0.25 to
500 ng/100 μL per linear centimeter
wound margin) was administered to
both margins of 1-cm, full-thickness skin
incisions before wounding and 24 hours
later, in healthy subjects. In both young
and old participants, only one dose regimen, 50 ng per 100 μL per linear centimeter, achieved more than 10% scar improvement in nearly two-thirds of
wounds. However, in the final phase II
study, each of three doses was judged to
be effective by lay observers and by clinicians (105). Although the investigators
acknowledged their commercial interests
in TGF-β3, adherence to established standards in this translational investigation
and the rigorous nature of the statistical
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analysis in a well-powered series of studies provided strong evidence for the benefits of avotermin in this setting.
In March 2009, the company Renovo
reported the results of a double-blind,
placebo-controlled, randomized phase 2
efficacy trial in 195 male and female subjects to investigate the safety and efficacy
of inhibition by TGF-β1 and -β2 using
two dose levels of mannose-6-phosphate
(Juvidex®, 300 mmol/L and 600 mmol/L)
via two routes of administration (intradermal and topical in combination and
topical alone) in the acceleration of healing of split-thickness skin-graft donor
sites. Although the trial did not meet its
primary endpoint, which was demonstration of a statistically significant difference in the time to complete wound
closure at the skin-graft site as assessed
by the investigating physician, it did
meet some of the specified secondary
endpoints with statistical significance.
These included a between-patient comparison performed by an external panel
of clinical experts who assessed photographs of the donor sites, where the
300 mmol/L Juvidex topical-alone application versus standard care showed a
statistically significant acceleration of
healing in favor of Juvidex.
Current Treatment Strategies
Intralesional corticosteroid injections.
Since the mid-1960s intralesional steroid
injections have gained popularity as one
of the most common approaches to attenuate hypertrophic scar and keloid formation (106), while topical administration of
corticosteroid-containing creams has been
used with only varying success. Most of
the known effects of corticosteroids are
thought to result primarily from its suppressive effects on the inflammatory
process in the wound (93), and secondarily from diminished collagen and glycosaminoglycan synthesis, inhibition of
fibroblast growth (107) and enhanced collagen and fibroblast degeneration (108).
Two or three injections of triamcinolone
acetonide (TAC, 10 to 40 mg/mL) are
usually sufficient, although occasionally
injections are continued for 6 months or

more (106). Response rates have been
highly variable, with figures ranging
from 50% to 100%, and a recurrence rate
of 9% to 50% (109). An important finding
was that intralesional corticosteroid injections, when used alone, have the most effect on younger keloids, which can become completely flattened. In older scars
and keloids, corticosteroids can soften
and flatten the scars only to some extent
and can provide symptomatic relief (5).
Injections may be used alone or combined with other therapies (10), of which
the combination with cryotherapy or surgery are the most widely used modalities
in clinical practice (110). Side effects include dermal atrophy, telangiectasia and
pain at the site of injection. The latter can
be averted by topical anesthesia and/or
regional injections of local anesthetic
around the scars to be injected (30). Despite relatively few randomized, prospective studies, TAC remains a first-line therapy for the treatment of early keloids and
a second-line therapy for the treatment of
early hypertrophic scars if other easier
treatments have not been efficacious (83).
Cryotherapy. Cryotherapy has been
used as monotherapy and in conjunction
with other forms of treatment for excessive scars. In particular, the combination
of cryotherapy with intralesional TAC injections seems to yield marked improvement of hypertrophic scars and keloids
(111–113). We recommend cryotherapy
directly before the administration of intralesional TAC injections, because success rates seem to be increased with this
sequence.
Cryotherapy is believed to induce vascular damage that may lead to anoxia
and ultimately tissue necrosis (114). Success rates in studies in which contact or
spray cryosurgery with liquid nitrogen
was used varied between 32% and 74%
after two or more sessions, with higher
response rates of hypertrophic scars compared with keloids (83,115,116). The usefulness of cryotherapy, however, is limited to the management of small scars. A
delay of several weeks between sessions
is usually required for postoperative
healing, and the commonly occurring

side effects, including permanent hypoand hyperpigmentation, moderate skin
atrophy, blistering and postoperative
pain, are major handicaps (5,116). Recently, the intralesional-needle cryoprobe
method has been assessed in the treatment of hypertrophic scars and keloids
(117), and has been demonstrated to have
increased efficacy compared with that obtained with contact/spray probes and
shorter reepithelialization periods (117).
Surgical manipulation. Surgical excision remains the traditional treatment for
keloids and hypertrophic scars (6). However, it is imperative to clearly differentiate between hypertrophic scars and
keloids before starting any surgical manipulations.
In case of hypertrophic scars, timing of
surgical treatment is an important consideration in the treatment protocol of
strategies for scar revision. Scars mature
during a period of at least 1 year and can
show decreased contractures along with
flattening, softening, and repigmentation
without any physical manipulation (93).
Surgical excision thus might not be
needed, even though postexcisional recurrence rates of the original hypertrophic scar are usually low (13,15).
Recurrence rates of keloids after excision, in contrast, range between 45% and
100% (83). Given this high recurrence
rate, surgical intervention without adjuvant therapy, such as postexcisional corticosteroid injections or radiation, should
be considered with caution. Excision
may frequently result in a longer scar
than the original keloid, and recurrence
in this new area of trauma may lead to
an even larger keloid (109,118). Surgical
repair (core excision with low-tension
wound closure, or shave excision) of earlobe keloids with corticosteroid injections
and postoperative pressure on the incision site, however, usually provides
good cosmetic results (119).
Radiotherapy. Superficial x-rays,
electron-beam therapy and low- or highdose–rate brachytherapy have been used
with good results in scar reduction protocols, primarily as adjuncts to surgical
removal of keloids (120). The effects of
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radiation on keloids are thought to be
mediated through inhibition of neovascular buds and proliferating fibroblasts,
which result in decreased collagen production (93). Electron beam irradiation is
usually started 24 to 48 h after keloid excision, and the total dose is limited to 40
Gy over the course of several administrations to prevent side effects such as
hypo- and hyperpigmentation, erythema,
telangiectasia and atrophy (121). However, because radiation entails a risk of
carcinogenesis, particularly in areas such
as the breast and thyroid, its use should
be handled with caution (5,15).
Laser therapy. Since the introduction
of laser treatment for keloids in the
mid-1980s (122), the therapeutic use of
more and more lasers with different
wavelengths has been investigated, and
success has varied. Until today, the
most encouraging results have been obtained with the 585-nm pulsed-dye
laser (PDL), which has been recognized
as an excellent therapeutic option for
the treatment of younger hypertrophic
scars and primarily keloids (123).
Nonoverlapping laser pulses at fluences
ranging from 6.0 to 7.5 J/cm2 (7-mm
spot) or from 4.5 to 5.5 J/cm2 (10-mm
spot) have been recommended for the
treatment of hypertrophic scars and
keloids (124). Two to six treatments
may be necessary to successfully improve scar resolution, including scar
color, height, pliability and texture
(123). By causing local ischemia via destroying blood vessels, 585-nm PDL
therapy is believed to induce neocollagenesis, collagen-fiber heating with dissociation of disulfide bonds and subsequent collagen-fiber realignment, and
decreased fibroblast proliferation as
well as release of histamine and other
factors that influence fibroblast activity
(125–127). Adverse effects include transient hyper- or hypopigmentation and
blistering (125,128). Hyperpigmentation
has been reported with a frequency of
1–24% (129,130). The most common adverse side effect of 585-nm PDL treatment is postoperative purpura, which
can persist for 7–10 days.

Emerging Therapies
IFN injections. IFN therapy, which
has potential therapeutic benefit in the
treatment of abnormal scars, is based on
the effect of IFN in decreasing the synthesis of collagen types I and III
(15,131). Specifically, IFN-α2b has been
proposed to have antiproliferative properties, and it may improve the pathologic features of dermal fibrosis directly
or by antagonizing the effects of TGF-β
and histamine (132). In vivo, systemic
administration of IFN-α2b in severely
burned patients resulted in improved
clinical appearance of the hypertrophic
scars and a lower Vancouver Burn Scar
Assessment score (133). IFN-α2b administered intralesionally (1.5 × 106 IU,
given twice daily over 4 days) was
found to result in a 50% reduction of
keloid size by 9 days and thus was
much more effective than intralesionally
injected corticosteroid (132). Hypertrophic scars injected three times weekly
with IFN-α2b showed significant mean
rates of improvement and sustained reduced serum TGF-β levels (134). Unfortunately, adverse effects are common
with IFN treatment and include flu-like
symptoms and pain on injection (15).
Although IFN is an expensive form of
therapy, it remains a promising therapeutic approach in the management of
excessive scars.
Bleomycin. Bleomycin sulfate, another antineoplastic agent that was
found to directly inhibit collagen synthesis via decreased stimulation by
TGF-β1 (135), was first investigated in
the mid-1990s as a scar-reducing agent
(136). After administering three to five
intralesional injections of bleomycin
within a 1-month period, the authors
observed complete regression in 69.4%
of the keloids. Subsequent studies revealed similar results, with significant
improvement in hypertrophic scar and
keloid height and pliability as well as
reduction in erythema, pruritus and
pain (135,137,138). Occasionally, development of hyperpigmentation and dermal atrophy may occur with bleomycin
treatment. Because of bleomycin’s toxic-

ity, clinicians are encouraged to be
aware of associated potential problems.
However, systemic toxic effects of intralesionally administered bleomycin
seem to be uncommon (15). Bleomycin
may thus be a promising agent for the
therapy of keloids and hypertrophic
scars; however, further investigation
and efficacy trials are needed before this
agent is included in future treatment
protocols.
5-Fluorouracil (5-FU). 5-FU is a
pyrimidine analog that is used as an antimetabolite in cancer chemotherapy
(109). 5-FU is converted intracellularly
to its active version, which was suggested to directly increase fibroblast
apoptosis via inhibiting DNA synthesis
preferentially in rapidly proliferating
and metabolizing cells (58,139). In 1999,
Fitzpatrick (140) was the first to report
the use of 5-FU to effectively reduce
scars during his 9-year experience, in
which he administered more than 5000
injections to more than 1000 patients.
Ever since, the use of intralesional 5-FU
in combination or as a sole agent for
treatment of keloids has been shown to
be effective. In a prospective, randomized trial including 28 consecutive patients with keloids of varying size and
duration, weekly intralesional 5-FU injections (50 mg/mL) for 12 weeks resulted in reduction in scar size of at
least 50% in the majority of the patients,
with no patient showing failure to respond to therapy or recurrence of symptoms within the follow-up period of 24
months (141). Adverse side effects included pain, ulceration and burning
sensations. Intralesional 5-FU treatment
has also been used for the treatment of
inflamed hypertrophic scars and seems
to be both effective and safe (140).
CONCLUSIONS
Scarring following surgery or injury is
difficult to predict, and both physicians
and their patients are highly concerned
with minimizing scar appearance and
value as clinically meaningful even small
improvements in scarring. Despite a
plethora of various in vivo and in vitro
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studies, to date only limited information
is available on the exact cause of hypertrophic scar and keloid formation.
Knowledge of the cellular and molecular
mechanisms implicated in the development of these fibroproliferative disorders
remains relatively poor because of the
lack of representative and wellrecognized animal models of human
hypertrophic scar formation. Instead,
scar tissue for study is usually obtained
from humans undergoing scar revision—
usually months after the scar first developed. Therefore, early alterations in
wound repair mechanisms that likely determine the development of hypertrophic
scars may be missed.
Existing prophylactic and therapeutic
strategies include pressure therapy, silicone gel sheeting, intralesional TAC,
cryosurgery, radiation, laser therapy, INF,
5-FU and surgical excision as well as a
multitude of extracts and topical agents.
Many of these treatments have been
proven to be effective through extensive
use, but few have been supported by
well-designed prospective studies with
adequate control groups.
Emerging therapies for patients prone
to excessive scars support earlier interventions aimed at modulating single cell
types, inflammatory metabolites, cytokines or signaling receptors. Encouraging results obtained with the use of recombinant human TGF-β3 and anti–TGF-β1
and -β2 support substantial optimism regarding the future discovery of new solutions to difficult fibrotic disorders.
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