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1. Introduction
Scarring is the body’s natural response to a wound. Yet,
this healing process can create significant functional and
cosmetic problems. It impacts daily life and can create
issues in self-esteem. Traditionally, the treatment of scars
has been surgical. Despite meticulous surgical technique,
scars still form. Revision may be in the form of excising
the scar to create a “thinner” line, or the surgeon may
perform a geometric broken line to create an illusion of
natural creases. Lasers or mechanical dermabrasion can also
be performed to minimize the scar. Lasers including the
pulse dye laser has also been used intraoperatively and in
the acute postoperative period to suppress scar formation.
Topical treatments such as silicone may also help soften a
scar. Yet the cicatrix still exists.
Other types of scars such as those from inflammatory
processes including acne create a skin topography that
features alternating depressions and papules. There is no
single satisfactory treatment for acne scars. Because of the
complexity of this scarring process, a combined approach
must be undertaken.
Historically, dermabrasion has been performed. For
Fitzpatrick Skin I, II, and III, conventional ablative laser
resurfacing has been used. Despite many case series, it is not
clear if the carbon dioxide laser or the erbium laser alone provides a long-term significant improvement. More recently,
fractionated resurfacing both nonablative and ablative have
been shown to have some eﬀect on subsets of acne scars.
Subscision which manually breaks apart the acne scars is
often combined with the laser treatment. Subscision can be

performed with Nokor needles through small puncture sites,
or more recently using a roller device that percutaneously
disrupts the scar. Other techniques including punch grafting
and excision may ameliorate acne scars.
On the other end of the spectrum of acne and small
surgical scars are those from burns. Because of the severe
trauma of a burn, large deforming contractures can occur,
or large areas of denuded skin. An artificial or natural skin
substitute may need to be used foremost for coverage and
protection from the environment, but also to minimize scars.
Perhaps the reason that clinicians have diﬃculty in
eradicating scars is because we do not quite understand
the mechanism from a cellular and molecular basis. Breakthroughs have been made in the past 20 years, particularly
from fetal surgery and the discovery that fetal skin does not
scar after wounding. The treatment implications of this type
of research has still not been fully realized. Yet, it is no doubt
that in the future, the prevention and treatment of scars will
be in the form of targeted molecular therapies including the
use of stem cells.

2. Mechanisms
It is this contrast between healing in the womb and healing
after birth that the authors Satish and Kathju discuss in
their article entitled Cellular and Molecular Characteristics
of Scarless versus Fibrotic Wound Healing. They review
the biology of fetal wound healing including the role of
growth factors, keratinocytes, and reepithelialization and
gene expression. This article is an excellent primer for those
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interested in fetal wound healing. Occleston et al. build upon
the understanding of the mechanisms of scarring in their
comprehensive article entitled Therapeutic Improvement of
Scarring: Mechanisms of Scarless and Scar-Forming Healing
and Approaches to the Discovery of New Treatments. These
authors point out that scar-free to scar-forming healing really
is a continuous spectrum. They discuss preclinical examples
of wound healing and how this translates to humans. From
a treatment standpoint, they elucidate the mechanisms of a
prophylactic scar treatment.
2.1. Molecular Treatment of Scars. It is has long been understood that TGF B plays an important role in wound healing
and scarring in human beings. In their fine manuscript entitled Therapies with Emerging Evidence of Eﬃcacy: Avotermin
for the Improvement of Scarring, Bush et al. evaluate the
role of TGF B3 as a potential therapeutic agent. Echoing,
the previous paper, these authors emphasize the importance
of prophylactic treatment after surgery in order to reduce
subsequent scarring. They describe the successful Phase I/II
trials of this biologic agent. However, the Phase III trials (not
published here) have been disappointing, so the march goes
on for the optimal prophylactic biologic agent. Nevertheless,
the success of the company’s early trials may shed additional
light on TGF-B and could lead to future discoveries by other
research groups.
2.2. Surgical Treatment. Despite meticulous technique, surgical scars can still distort mobile anatomic regions such
as the nasal ala, the lip, and the eyelid. The conventional
method to lengthen a scar and change its orientation is by
transposing its limbs. In Z-plasty Made Simple, Aasi demonstrates her technique for demystifying Z plasties which can
be conceptually complex particularly for trainees. She oﬀers
foolproof methods with excellent results to optimize scars
that need revision after Mohs Micrographic Surgery. This
technique needs to be in the armamentarium of every
surgeon performing skin and soft tissue surgery.
2.2.1. Surgical Treatment: Special Considerations. The reduction of scarring and skin coverage in burn patients is one of
the most diﬃcult challenges facing reconstructive surgeons.
Prompt replacement of the charred skin with a functional
alternative is fundamental in minimizing contractures as well
as eventual cosmesis. In Long-Term Followup of Dermal Substitution with Acellular Dermal Implant in Burns and Postburn
Scar Corrections, Juhasz et al. describe their experience in
using Alloderm in 18 patients as well as reviewing the various
coverage options. In their study, they used the Vancouver
Scar Scale with a 50-month followup. They demonstrated
very favorable results when combined with a split thickness
skin graft compared to more complicated flaps.
Finally, Fabbrocini et al. provide a comprehensive review
of acne scars in their paper entitled Acne Scars: Pathogenesis,
Classification and Treatment. In a very straightforward
approach, the authors explain the current theory on why
acne scars occur, how to classify them into atrophic,
boxcar or icepick, and then how to choose the appropriate
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treatment(s). The authors nicely summarize the various
therapeutic options including the increasingly popular technique of needling using a roller device. They tackle this
topic well and astutely point out that there are no universal
guidelines for treating acne scars and that randomized
controlled studies are needed as well as evaluating the allimportant psychological impact of this scarring on this
patient population.
As editors, we can only hope that these articles stimulate
further discussion and spur new research to minimize
scarring and allow these patients to live healthy and active
lives without disfigurement.
Hayes B. Gladstone
Daniel Berg
Michel McDonald
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The purpose of this paper is to compare and contrast the discrete biology diﬀerentiating fetal wound repair from its adult
counterpart. Integumentary wound healing in mammalian fetuses is essentially diﬀerent from wound healing in adult skin. Adult
(postnatal) skin wound healing is a complex and well-orchestrated process spurred by attendant inflammation that leads to wound
closure with scar formation. In contrast, fetal wound repair occurs with minimal inflammation, faster re-epithelialization, and
without the accumulation of scar. Although research into scarless healing began decades ago, the critical molecular mechanisms
driving the process of regenerative fetal healing remain uncertain. Understanding the molecular and cellular events during
regenerative healing may provide clues that one day enable us to modulate adult wound healing and consequently reduce scarring.

1. Introduction
In adult (postnatal) mammalian organisms, injury to cutaneous tissue with disruption of normal skin architecture
is repaired by means of an inflammatory and fibrotic
response that leads to accumulation of scar [1]. Although
scar formation allows for the rapid sealing of an injured area,
it can frequently prove the source of persistent pathology
in the organism. For example, scar formation after tendon repair will limit their gliding ability, restricting hand
function; intra-abdominal scar/adhesions frequently lead to
small bowel obstruction, necessitating surgical intervention;
cirrhosis of the liver and pulmonary fibrosis are also forms of
excessive scarring.
Nowhere, however, is scar more evident or problematic
than in the skin. Cicatrix in the extremities and digits can
cause contracture and restrict motion, resulting in significant
disability. Scar in the genitalia can interfere with sexual
function and even urination. Scar formation in the facial
skin of the head and neck is particularly problematic, with
multiple vital functions at risk. Scar in the external ear

can cause substantial hearing loss, and constriction of the
nasal apertures can interfere with respiration, smell, and
derivatively, taste. Scar contractures following burn injury
are well known to progress to microstomia, nasal stenosis,
lip or eyelid ectropion if severe enough. They can lead
to restriction of neck movement and permanent mouth
opening [2–4]. If left untreated in a growing child, such
severe contractures can even lead to secondary facial skeletal
abnormalities, compounding the problem [5]. In addition
to the functional deficits facial scar can inflict, there is
also the obvious social opprobrium of visible disfigurement.
Scar, then, represents a significant source of morbidity, and
can frequently require aggressive measures to deal with its
sequelae [6].
In contrast to adults, fetal integumentary wounds in
humans and other mammals heal rapidly without associated
scarring until late in gestation [7–9]. Investigation into the
phenomenon of fetal wound healing started in the early
1950s with the study of animal models, which showed
that fetal skin wounds could heal rapidly but without any
apparent “dediﬀerentiation” of cellular components such
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as occurred in regenerating amphibians [10]. Later, examination by Rowlatt [11] of healing limbs after intrauterine
amputation by amniotic constriction bands in a 20-week
old human fetus showed that human skin at this stage
of development healed without apparent inflammation.
Subsequent work has confirmed that fetal wounds heal
diﬀerently depending on the gestational age of the fetus,
including even in the pouch young of a marsupial [12].
In general, the scarless character of fetal wound repair
persists until roughly the middle of the third trimester of
intrauterine gestation, at which point a transition to the
adult, scar-forming pattern of wound repair occurs [13–
15]. This scarless healing is a property intrinsic to fetal
tissues, and not a conferred benefit of the protected uterine
environment: fetal skin placed subcutaneously into athymic
mice and then wounded still heals without scar, in spite of
occurring in an environment free of amniotic fluid [16].
Conversely, adult skin grafted onto immunoprivileged fetal
hosts in utero and then wounded still heals with scar [17].
Because early- to mid-gestational fetal wound healing
occurs with evident restoration of normal skin architecture
and no significant scar deposition, it has been termed
“regenerative,” and has been taken as a model by which
we may attempt to engineer the same process in adults. It
therefore becomes important to understand at the cellular
and molecular level the distinctions between these two
physiologies, in the hopes that an understanding of fetal
biology may one day enable its recapitulation in the adult.

2. The Biology of Adult Wound Healing
2.1. Inflammatory Phase. The process of skin wound repair
in adult mammalian organisms is an intricate and highly
coordinated process that generally can be divided into four
overlapping phases: hemostasis, inflammation, proliferation,
and remodeling [18]. Any injury that severs blood vessels will
trigger events that try to eﬀect immediate hemostasis. This
process includes vasoconstriction, platelet aggregation, and
platelet α-degranulation of vesicles containing both clotting
and growth factors. Platelets are also believed to play an
additional role in the wound healing cascade, not only as
initiators of coagulation but also through the release of a
multitude of growth factors and cytokines that modulate
fibroblast activity, such as transforming growth factor β1
(TGF-β1) and platelet-derived growth factor (PDGF) [19].
These growth factors provide a chemotactic stimulus for
neutrophils, fibroblasts, and monocytes and ultimately aﬀect
the dynamics of extracellular matrix (ECM) synthesis [20,
21]. Neutrophils are early responders to these chemotactic
agents and begin to infiltrate to the site of injury well before
the activation and/or arrival of fibroblasts and monocytes.
They accomplish phagocytosis of bacteria and functional
debridement of injured tissue while themselves secreting
additional proinflammatory cytokines. In the presence of
foreign body or infection, a persistent neutrophil-rich
inflammatory response results which can lead to poor wound
healing and excess fibrosis [22].
Monocytes are also attracted to the wound site in
response to a variety of chemoattractants derived from intra-
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and extravascular sources. Monocytes become macrophages,
which are considered the principle coordinators of adult
wound healing [23]. Macrophages act as avid phagocytes,
ingesting debris in the wound field (including even spent
neutrophils), and they also produce numerous cytokines
and growth factors crucial for fibroblast recruitment and
angiogenesis. Monocytes and activated macrophages are
known to bind to the ECM through cell surface integrin
receptors; this adherence to the ECM induces ECM phagocytosis, promoting wound debridement. Attachment to the
ECM also alters the gene expression profile of macrophages,
leading to increased expression and subsequent secretion of
colony stimulating factor 1 (CSF-1, required for macrophage
survival), tumor necrosis factor (TNF-α, inflammatory
cytokine), and PDGF (chemotactic agent for fibroblasts)
[24, 25]. As in the case of an extended neutrophilic infiltrate,
a persistent macrophage response may also lead to excess scar
formation, itself an unwanted outcome [26].
Another key leukocyte lineage, the mast cell (MC),
derived from circulating basophils, is postulated to contribute to the healing of skin wounds, and MC’s have been
implicated in multiple phases of wound healing [27, 28].
Egozi et al. [29] showed using MC-deficient KitW /KitW −v
mice that neutrophil infiltration was reduced at early time
points (inflammatory phase) but that the absence of mast
cells had no eﬀect on the proliferative aspects of wound healing. Weller et al. [30] showed using the same MC-deficient
KitW /KitW −v mice that MC activation and histamine release
are required for proper recruitment of neutrophils and also
for the normal closure of wounds. Ultimately, fibroblasts
enter the wound site and replace the initial wound fibrin
matrix by depositing glycosaminoglycans, proteoglycans,
and other ECM proteins such as fibronectin and tenascin.
This last is another example of the complicated interplay
of multiple factors in cutaneous wound healing and scar
formation, since fibronectin promotes cellular adhesion
to the underlying substratum, whereas tenascin actually
facilitates fibroblast migration by antagonizing fibronectin
[31, 32].
Interestingly, although inflammatory cells are intimately
involved in the regulation and progression of normal adult
wound healing, several lines of evidence suggest that depletion of one or more of the inflammatory cell types can actually have a positive outcome on the closure of wounds. Experiments conducted by Szpaderska et al. [33] demonstrate that,
as long as bleeding is adequately controlled, mice dosed with
antiplatelet antisera to induce thrombocytopenia show no
deficit in the proliferative aspects of repair, including wound
closure, angiogenesis, and collagen synthesis, all of which
were unaﬀected compared to controls. This data suggests
that platelets are not absolutely essential for normal adult
wound healing to occur. Similar experiments in neutrophildepleted mice [34] showed that wound closure was actually
more rapid in the mice with induced neutropenia than in
control animals, suggesting that neutrophils, while perhaps
highly utile in combating infection, may in other respects
actually be inhibitory to wound healing. Neonatal PU.1knockout mice (which lack macrophages and functioning
neutrophils) healed wounds with minimal scarring, with an
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altered growth factor and cytokine profile at the wound site,
reduced cell death, and with phagocytic fibroblasts standing
in for more conventional inflammatory cells [35]. It therefore
appears that macrophages too are not absolutely required for
normal adult wound repair, and their absence may actually
allow a more scarless mode of healing.
2.2. Proliferative Phase. The formation of granulation tissue,
a well-vascularized connective tissue containing macrophages and fibroblasts that replaces fibrin clot, is a notable
feature of the proliferative phase of adult wound healing.
This granulation tissue has been considered to be a contractile organ, responsible for the active wound contraction
seen in the proliferative phase of adult wound healing, a
contraction aﬀected chiefly by fibroblasts and their derivative
subtypes, myofibroblasts (see below). The rate of granulation
tissue formation appears to be dependent on interaction of
the fibroblast integrin receptor with fibronectin [36]. The
initial fibrin clot functions as a chemokine to stimulate
macrophages and fibroblasts to migrate into the wound
space; in the case of the latter, this migration itself is
thought to apply traction to the wound periphery, assisting
in its contraction and ultimate closure. Within the wound
bed macrophages provide a continuing source of growth
factors necessary for angiogenesis [37], and fibroblasts lay
down a provisional matrix mainly composed of collagen and
proteoglycans.
Multiple studies have pointed to a particularly important
role for transforming growth factor- beta in this phase
of wound healing. Expression of the TGF-β1 and TGF-β2
isoforms (in comparison to TGF-β3) is increased in adult
wounds, and studies show that exogenous administration of
TGF-β1 and TGF-β2 to healing wounds results in increased
collagen, protein, and inflammatory cell accumulation [38].
In contrast, Ferguson et al. (2009) [39] assessed scar quality
after treatment with avotermin (recombinant human TGFβ3 ) in Phase II clinical trials in humans, and showed that
avotermin has the potential to provide an improvement in
the appearance of scars. As repair progresses, fibroblasts also
display increased expression levels of adhesion molecules and
assume a contractile myofibroblast phenotype with increased
alpha-smooth muscle actin (α-SMA) expression, known to
be stimulated by TGF-β1 and TGF-β2 as well as by PDGF
[40, 41]. Wound fibroblasts and myofibroblasts work in
concert to draw the wound closed and also contribute to the
synthesis and alignment of collagen fibers [42].
The formation of granulation tissue in an open wound
also allows the process of re-epithelialization to begin, as
epithelial cells migrate across the new tissue to form a
barrier between the wound and the environment. Intracellular actin microfilaments are formed, and alterations in
intermediate filament gene and protein regulation have also
been observed, [43] enabling the epidermal cells to creep
across the wound surface. Multiple growth factors, including
epidermal growth factor (EGF), keratinocyte growth factor
(KGF), transforming growth factor-alpha (TGF-α), and
epiregulin are thought to act synergistically to stimulate reepithelialization [44–46].
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2.3. Remodeling Phase. In the remodeling phase, which can
last for up to a year after injury, there is ongoing synthesis,
degradation, cross-linking, and reorientation of collagen to
form the mature scar. The healing and remodeling tissue will
manifest increasing tensile strength, however, the resultant
scar will never attain physical properties equal to that of the
uninjured tissue [47]. Remodeling allows for some removal
of accumulated connective tissue and is made possible by
matrix metalloproteinases (MMPs) under the control of a
cytokine network [48]. The coordinated regulation of these
enzymes and their inhibitors ensures tight control of local
proteolytic activity.
Over time the quantity of fibroblasts and myofibroblasts
within the maturing wound bed are reduced by apoptosis,
which may be precipitated by the withdrawal of cytokines
as the wound heals, although the precise mechanisms
governing this response remain unclear [49]. With continued
remodeling the outgrowth of capillaries is halted, blood flow
to the area is reduced and metabolic activity in the area
declines with the maturation of a relatively hypocellular and
hypovascular scar.

3. Disorders of Excessive Cutaneous Fibrosis
While the above summarizes many of the important features
of normal adult wound healing, there also exist conditions
marked by an abnormal pathological response to cutaneous
wound healing resulting in excessive fibrosis, the two main
examples of which are hypertrophic scars and keloids.
Hypertrophic scars typically take the form of a reddish raised
lump on the skin; they remain within the boundaries of
the original zone of injury and often naturally improve in
appearance after some years [50, 51]. They are frequently
amenable to surgical revision, with the expectation that the
revision will obtain a more favorable result. In contrast
keloidal scars will typically progress into large, tumorous
(although benign) masses that clearly exceed the original
zone of injury. Keloids are not known to regress spontaneously and their recurrence rate is high after surgical
excision [51], even with the use of such adjunctive measures
as local corticosteroid injection or pressure appliances. Both
hypertrophic scars and keloids represent a type of abnormal
fibroproliferative wound repair, and it appears that several
stages of wound healing, from the inflammatory phase to the
remodeling phase, are significantly altered [52, 53].
Gene profiling studies have identified previously unsuspected genes of potential relevance to the pathogenesis of
hypertrophic scars and keloids. cDNA microarray examination of tissue mRNA obtained from burn hypertrophic scars
(compared to normal skin) revealed that genes displaying
altered expression included proto-oncogenes, genes involved
with apoptosis, immune regulatory genes, cytoskeletal elements, and transcription factors, signifying that multiple
pathways are involved in hypertrophic scar formation and
contraction [54]. Similar microarray studies examining
altered gene expression in keloids and in fibroblasts derived
from keloid lesions identified genes which have previously
been noted by biochemical studies, but interestingly also
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identified multiple genes not previously suspected to play a
role in keloid formation. Naitoh et al. [55] observed stronger
ectopic expression (in keloids) of chondrocyte/osteoblast
marker genes, namely, periostin, OB-cadherin, lumican, and
mimecan as well as increased expression of transcription
factors SOX9 and CBFA1, known to be involved in regulation
of the above-mentioned gene products. The same study also
marked upregulation of two tumorigenesis- related genes,
p311 and fibroblast activation protein alpha (FAP-α). Satish
et al. [56] also showed the upregulation of tumor-related
genes in keloid fibroblasts, namely, TCTP (tumor protein
translationally controlled 1), MORF-related gene 15 (MRF
15), annexin 2, and ribosomal proteins RPS 18, 10, and L23A.
This interesting increase in genes related to tumorigenesis is
congruent with the behavior of keloidal fibroblasts, which
proliferate in a rapid and unregulated manner and invade
normal skin tissues, beyond the boundaries of the initial
region of injury.

4. Characteristics of Fetal Skin
In order to understand the basis of regenerative fetal skin
healing, and to contrast it to the adult tissue repair described
above, it is helpful to first recognize the pattern of development of fetal skin. In humans, prior to the 24th week of
gestation, fetal skin tissue is less diﬀerentiated than adult
skin [15]. The human fetal integument begins with two
cell layers, the basal cell layer and the periderm, at about 4
weeks gestation. The periderm is the outermost single-cell
layer of the fetal skin; although the function of the periderm
has not been determined, a secretory or absorptive process
has been hypothesized [14]. As development continues, an
intermediate epidermal cell layer develops. Keratinization
begins at 9 to 10 weeks gestation, and during this period hair
follicles and sebaceous glands become apparent. By 24 weeks
gestation, that is, toward the end of the second trimester,
at which time fetal skin wounds continue to demonstrate
scarless healing, the epidermis has completely keratinized
and stratified into adult morphologic layers [57].
Fetal skin contains fibroblasts and fetal extracellular
matrix (ECM) that are distinct from adult fibroblasts and
adult ECM. Fetal dermis thickens by increasing collagen
content and replacing nonsulfated glycosaminoglycans with
sulfated glycosaminoglycans. Fetal ECM contains higher
proportions of type III collagen, chondroitin sulfate, proteoglycan, and hyaluronic acid than does adult ECM [15].
Coolen et al. [58] have recently examined multiple dermal
and epidermal components of human fetal and adult skin,
finding that most diﬀerences between these tissue types
reside at the level of dermal ECM molecular expression. For
example, elastin was present in adult dermis, but was not
detected in fetal dermis. Conversely, chondroitin sulfate and
fibronectin both were expressed at substantially higher levels
in fetal dermis compared to adult. The expression patterns
of basement membrane proteins, keratin isoforms (e.g.,
K10, K14, K16) and epidermal Ki-67 were not significantly
diﬀerent between fetal skin and adult skin biopsies.
MMPs and tissue inhibitors of the proteolytic activity of
MMPs (TIMPs), molecules that regulate ECM turnover, are

Dermatology Research and Practice
also shown to be diﬀerentially regulated as fetal skin develops. Dang et al. [59] found that baseline expression of MMPs
1, 2, and 14 all increased with the transition to a scarring phenotype in fetal rat skin, with MMP2 message levels increasing
by 50-fold. Nonetheless, they determined that E16 (scarlessly
healing) wounds had a higher MMP to TIMP expression
ratio than E19 scarring wounds. Other ECM molecules
diﬀerentially expressed in developing fetal skin and wounds
include decorin, a proteoglycan implicated in regulation of
TGF-β bioactivity, which has been shown to increase during
the ontogenic transition from scarless fetal healing to adult
wound healing, but which is actually decreased by wounding
during the scarless healing period [60]. In contrast, fibromodulin, another small interstitial proteoglycan which can
bind to and modulate TGF-β activity, has been shown to
decrease with advancing gestational age, and decreases as
well when adult skin is wounded, but is actually increased in
scarlessly healing fetal wounds relative to control [61]. These
observations give some indication of the complicated and
mixed functions ECM molecules may play in determining
the scarless nature of early fetal wound repair.

5. The Biology of Fetal Wound Healing
Healing cutaneous wounds in mammalian fetuses shows
multiple important diﬀerences from adult healing; many of
these are enumerated in Table 1. Perhaps the most significant
characteristic feature of scarless fetal wound healing that
stands in contradistinction to adult is a significantly reduced
inflammatory response [62]. A markedly diminished or
minimal inflammatory response in fetal wounds has been
demonstrated in multiple fetal animal models [62–65]. The
absence of an acute inflammatory infiltrate in fetal wounds
may partly be explained by decreased platelet aggregation
and degranulation in fetal tissues; fetal platelets are also
thought to release lower levels of cytokines, thereby also
potentially reducing the recruitment of inflammatory cells to
fetal wounds [66]. Hopkinson-Woolley et al. [67], examining
embryonic and fetal mice, have found that macrophages
are not normally recruited to fetal wound sites before
developmental stage E14.5, but that after this transition stage
there was a significant recruitment of macrophages within 12
hours of injury. Furthermore, few neutrophils are present in
the fetal wound, and an age-dependent defect in the ability
of fetal neutrophils to phagocytose pathogenic bacteria has
been demonstrated in fetal sheep, signifying that early fetal
neutrophils are physiologically distinct from those present
at the end of gestation or postnatal cells [68]. Thus, there
are multiple facets to the much diminished inflammatory
response seen in scarlessly healing fetal wounds.
5.1. Growth Factor Profiles During Fetal Wound Healing.
The cytokine and growth factor profile of fetal healing
diﬀers significantly from adult wound healing. Many studies
have focused on TGF-β family members as these proteins
have been shown to have a major role in fibrosis [69]. In
particular, the profibrotic isoform TGF-β1 has been noted to
be reduced in early fetal wounds, and this has been confirmed
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Table 1: Characteristic diﬀerences observed between fetal and adult wound healing.

Inflammation
Select Growth Factors
PDGF
FGF
TGFβ

Fetal Wound Healing
Minimal

Adult Wound Healing
Robust

Transient
Low
Low TGFβ1 and TGFβ2
High TGFβ3

Sustained
High
High TGFβ1 and TGFβ2
Low TGFβ3

Low
Low

High
High

High

Low

No

Yes

Increased Type III collagen
(ratio of type III : type I is high)
Early Deposition
Early Appearance

Increased Type I collagen
(ratio of type I : type III is high)
Late Deposition
Late Appearance

High
High
Low
No
Early

Low
Low
High
Yes
Late

Low
No change

High
No change

Proinflammatory cytokines
IL-6
IL-8
Anti-inflammatory cytokine
IL-10
Formation of granulation tissue
ECM Proteins
Collagen
Fibronectin
Tenascin
Proteoglycans and Glycosaminoglycans
Hyaluronic Acid
Fibromodulin
Decorin
Myofibroblasts
Integrins during re-epithelialization
CCT-subunits
CCT-eta
CCT-beta

in incisional and excisional wounds in murine, rat, and
human skin [70–74]. Conversely, the anti-fibrotic isoform
TGF-β3 is found in higher levels in scarlessly healing fetal
wounds [75]. In addition, TGF-β receptors TGF-βRI and
TGF-βRII are present at lower levels in fetal wounds than in
adult wounds. The relative scarcity of TGF-β1 is of particular
relevance, as multiple studies have demonstrated that the
addition of TGF-β1 causes scar to form in fetal skin wounds
that would otherwise heal scarlessly [70–72].
There are also diﬀerences in other growth factor groups.
Although PDGFs are initially present in both adult and fetal
wounds, they disappear more rapidly in the fetal wounds.
Additionally, administration of exogenous PDGF in fetal
rabbits induces fibrosis, consistent with the notion that the
relative transience of PDGF in fetal wounds may also play
a crucial role in scarless wound healing [76]. Fibroblast
growth factor (FGF) family members were also found to
be diﬀerentially expressed in fetal skin both with advancing
gestational age and on wounding. FGF isoforms 1, 2, 5,
7, and 10 are increased in adult cutaneous wound healing,
but Dang et al. found that FGF isoforms 7 and 10 actually
decreased in scarlessly healing fetal wounds, while FGF
5 showed no change. There were also wound and agedependent changes in FGF receptor isoform levels, with the

authors concluding that overall there was diminished FGF
expression and signaling during scarless wound healing [77].
The role of vascular endothelial growth factor (VEGF) in
scarless fetal repair is not entirely clear. Some studies have
found that VEGF expression is reduced in scarless fetal
wounds compared to fibrotic fetal wounds, and that addition
of exogenous VEGF to scarlessly healing wounds can induce
fibrosis, suggesting that VEGF has additional importance to
wound healing beyond simply promoting angiogenesis [78].
However, Colwell et al. [79] found that VEGF mRNA levels
were higher in E16 scarless excisional rat wounds compared
to fibrotic wounds at E18.
Interleukins have also been implicated in scarless wound
healing. It has been shown that the proinflammatory mediators IL-6 and IL-8 are produced in low levels in both
fetal skin and in fetal-derived fibroblasts when compared
to adult skin or adult-derived fibroblasts [80]. Furthermore,
fetal skin deficient in IL-10, widely considered to be an
anti-inflammatory agent, heals with a scar compared to
fetal skin with normal levels of IL-10, which heals scarlessly
[81]. Conversely, overexpression of IL-10 in adult wounds
decreases the inflammatory response and creates an environment conducive for regenerative wound healing in adult
organisms [82, 83].
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Table 2: Observed diﬀerences between fetal and adult fibroblasts.
alpha-SMA
(serum containing cultures)
In-vitro collagen
contraction
Hyaluronic acid
(HA)
Hyaluronic acid
receptor
Proinflammatory
cytokines
IL-6
IL-8
CCT-subunits
CCT-eta
CCT-beta

Fetal Fibroblast

Adult Fibroblast

Low

High

Less

More

Increased HA
synthesis
irrespective of cell
density

Decreased HA
synthesis
as cell density
increases

High

Low

Low
Low

High
High

Low
No change

High
No change

As noted above, many growth factors and cytokines
appear to vary in their expression in fetal and adult wounds.
While each may be important, their overall significance
may be obscured by the complexity of the cytokine mileu,
including other unknown or unexamined factors acting in
fetal and adult wound healing.

6. Fibroblasts and Myofibroblasts in Fetal
Wound Healing
It has been speculated for many years that fibroblasts are
the primary cell type responsible for determining whether
scarless or fibrotic healing will occur (see Table 2); regenerative healing, after all, ultimately depends on the ability
of fetal fibroblasts to produce and arrange new collagen
and other ECM components in similar quantities and
ratios to unwounded skin. Studies from Lorenz et al. [84]
indicated that fetal fibroblasts were able to eﬀect scarless
healing even when transplanted to an adult environment.
Of particular note: no sign of fibroblast conversion into
contractile myofibroblasts has been observed at the stage
of fetal wound repair where scarless healing still obtains
[85]. Myofibroblasts are found in late gestation fetal wounds,
where scar formation does occur after transition to an adult
healing pattern. Myofibroblasts are also plentiful in adult
wound repair where they resemble smooth muscle cells,
and their characteristic expression of α-SMA mediates their
ability to exert a strong contractile force [86, 87].
One of the chief eﬀects of TGF-β on fibroblastic cells is to
induce the expression of α-SMA and prompt conversion to
the myofibroblast phenotype [88].This can also occur in fetal
wounds, where the addition of exogenous TGF-β markedly
increases the abundance of myofibroblastic cells while simultaneously inducing fibrosis in an otherwise scarlessly healing
fetal milieu [89]. Our own investigations have confirmed
that fetal fibroblasts in culture express substantially lower

levels of α-SMA (even with serum stimulation) than do adult
fibroblasts, whereas we find no diﬀerence in total cellular βactin between fetal and adult cells [90]. These observations
collectively support the association of myofibroblasts with
scar formation, and suggest that the lack of myofibroblasts
typical of scarlessly healing fetal wounds is a critical component thereof.

7. Keratinocytes and Re-Epithelialization in
Fetal Wound Healing
Much attention has been given to the chemistry and
biology of fetal dermal constituents, since that is where fetal
fibroblasts reside. Relatively less attention has been paid to
the properties of fetal keratinocytes and the process of fetal
re-epithelialization, although it has been observed to occur
more rapidly in healing fetal wounds [91–94]. Martin and
his colleagues [85, 95] have focused much of their eﬀort on
fetal wound re-epithelialization and have identified fundamental diﬀerences in the mechanics of re-epithelialization
in embryonic wounds. Whereas adult wounds have been
shown to re-epithelialize through extension of lamellipodia
followed by epidermal cells at the wound edge crawling over
the wound bed [96], embryonic wounds exhibit no signs
of lamellipodia or filopodial extensions. Instead, epidermal
cells at the edge of wounds in both chick and mouse
embryos assemble an actin “cable” that functions like a
purse-string to close the wound [85, 95]. The importance
of this purse-string formation was shown by the addition of
cytochalasin D, which disrupted the assembly of the actin
cable and blocked wound re-epithelialization [96]. Studies
have also demonstrated the requirement for the small GTPbinding protein Rho, but not Rac, in the proper assembly
of the actin cable and re-epithelialization of fetal wounds
[97]. The presence of actin cables (and the essential role
of the actin cytoskeleton) in re-epithelialization have been
confirmed in fetal rat E17 wounds (at which point healing
is still scarless) but not in E19 wounds (at which point the
transition to adult wound healing has already occurred) [98].
In addition, paxillin has been shown to colocalize with actin
in E17 wounds but not in E19 wounds, whereas gelsolin was
associated with actin in E19 wounds but not E17 wounds
[98].
Another factor that has been implicated in the faster
re-epithelialization seen in fetal wounds is the more rapid
upregulation of integrins in response to wounding in fetal
keratinocytes versus adult keratinocytes. In human fetal
skin transplanted subcutaneously onto nude mice and
then wounded, increased expression of multiple integrins
recognizing collagen, fibronectin, laminin, and tenascin was
evident at the epidermal edge within four hours of wounding
and persisted until re-epithelialization was complete [99]. In
contrast, studies on adult wounds in a porcine model showed
that integrin fibronectin receptors were not upregulated until
5 days after wounding [100]. Two additional studies from
Zambruno et al. [101] and Juhasz et al. [102] showed that
integrin expression for collagen, fibronectin and laminin
receptors was not upregulated until 48 hours after wounding
in healing 3-mm wounds in split-thickness adult human
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skin grafts transplanted onto nude mice. Thus, it appears
that similar integrins are stimulated in both fetal and adult
wounds but the timing at which they appear varies greatly.
Reports have also identified diﬀerences in the expression
patterns of the transcription factor c-fos and AP-1 in
epidermis during fetal wound healing [103]. These multiple
observations collectively show that the process of wound
re-epithelialization and the physiology of fetal keratinocytes
diﬀer substantially from adult wound healing biology.

8. Expressomic Evaluation of Scarless
versus Scarring Wounds
In the above sections we have reviewed many of the gene
products found to display diﬀerential expression in fetal and
adult wound healing, focusing mostly on growth factors and
ECM constituents. However, multiple other genes have been
implicated in fetal skin development and scarless wound
healing. Colwell et al. [104] determined that mRNA levels of
lysyl oxidase, an enzyme that cross-links collagen and elastin,
were significantly greater in E19 late-gestation wounds (that
heal with a scar) in comparison to E17 early-gestation
scarless wounds in mouse. The homeobox genes Msx-1,
Msx-2, and Mox-1 display altered expression with increasing
gestational age, with Mox-1 becoming undetectable in adult
skin tissues [105].
Recognizing that there remained thousands of gene
products that had not been directly assayed in healing fetal
wounds, investigators have begun applying more comprehensive transcriptomic techniques to the study of scarless
wound healing. Several laboratories have used microarray
as a tool to identify expressomic diﬀerences during scarless
repair. Chen et al. [106] used a 5,705 oligonucleotide array to
examine early gestational (scarless) rat skin versus late gestational (scarring) skin. They found 53 diﬀerentially expressed
genes, and directly confirmed by RT-PCR and Western blot
that FGF8 and follistatin had stronger expression in early gestational skin compared to late, whereas lymphoid enhancer
binding factor-1 and beta-catenin showed weaker expression.
Colwell et al. [107] showed that the scarlessly healing fetal
skin wound transcriptome has rapid upregulation of many
genes from 1 to 24 hrs, but that by 24 hrs many fetal woundelevated gene expression levels had already begun to reverse
to baseline. They suggest that numerous gene products are
involved in coordinating the regenerative pattern of healing
found in early fetal wounds. Recent studies by Antony et al.
[108] show rapid upregulation of neurodevelopmental genes
during scarless repair on after injury days 1–3. The authors
speculate that these factors may promote the survival and
regeneration of peripheral neurons, which may promote a
scarless pattern of repair in response to injury.
Our own laboratory has used multiple expressomic
techniques to examine the transcriptome of scarlessly healing
fetal wounds, including diﬀerential display [109], PCR suppression subtraction hybridization (PCR-SSH) [110], and
fetal wound-specific microarrays. Each of these techniques
allows an interrogation of the fetal wound expressome
without any preconceptions as to which gene products may
be important. Using PCR-SSH we have identified multiple
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candidate genes and expressed sequence tags (ESTs) to be
diﬀerentially expressed in healing fetal wounds, and also
fragments of genes with no clear match in the GenBank
database, suggesting that the relevant gene set to scarless fetal wound healing may be larger than anticipated
[110]. Using rabbit fetal wound-specific microarrays that
we ourselves constructed from a cDNA library, we found
that some 20% of the recovered cDNA sequence fragments
demonstrated either no homology to GenBank sequences or
had such limited homology that we could not confidently
identify a known cognate gene (Kathju et al., manuscript in
preparation). While some of these putative unknown gene
products may well turn out to be species-specific variations
of actual known genes, we have also obtained full length
clones of several previously uncharacterized sequences, again
suggesting that the determinative fetal wound gene set
includes novel factors.
Assay of the scarless wound transcriptome by diﬀerential
display in our lab identified the eta subunit of the chaperonin
containing T-complex polypeptide (CCT-eta) as a gene
product specifically downregulated in fetal wound healing.
We have subsequently shown that this pattern of expression
is not shared by any other CCT subunit (of which there are
eight), and that CCT-eta is less abundant in fetal fibroblasts
than in adult cells [90, 111] We have also demonstrated
that CCT-eta is a specific regulator of fibroblast motility and
contractility, with siRNA-mediated reduction of CCT-eta
inhibiting the ability of adult fibroblasts to respond to migratory and contractile stimuli, rendering them more “fetallike” in their behavior, possibly by secondary inhibition of αSMA protein expression. This observation suggests that gene
products that control fibroblast motility and contractility
may be especially relevant to distinguishing scarless from
fibrotic wound healing [90].

9. Future Perspectives
Through the past 50 years, studies have been directed
towards explicating the remarkable ability of mammalian
fetuses to heal cutaneous wounds by regeneration, but we
are still far from a complete understanding of the critical
molecular determinants of this phenomenon. Although
much has been learned, there remain numerous unexplored
questions about the relative biology of fetal wounds versus
their scirrhous adult counterparts. The role of nitric oxide,
increasingly thought to be important to adult wound healing,
is still largely a mystery in fetal wounds. The role of
microRNAs, now also emerging as important players in
adult wound healing [112] similarly remains unexplored.
Ultimately, a fuller appreciation of the most important
factors governing the scarless pattern of fetal wound repair
will hopefully allow for intervention in the adult wound
healing milieu to mitigate scar formation and improve the
clinical outcome of those aﬄicted with the morbidity of scar.
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Scarring in the skin after trauma, surgery, burn or sports injury is a major medical problem, often resulting in loss of function,
restriction of tissue movement and adverse psychological eﬀects. Whilst various studies have utilised a range of model systems that
have increased our understanding of the pathways and processes underlying scar formation, they have typically not translated to
the development of eﬀective therapeutic approaches for scar management. Existing treatments are unreliable and unpredictable
and there are no prescription drugs for the prevention or treatment of dermal scarring. As a consequence, scar improvement still
remains an area of clear medical need. Here we describe the basic science of scar-free and scar-forming healing, the utility of preclinical model systems, their translation to humans, and our pioneering approach to the discovery and development of therapeutic
approaches for the prophylactic improvement of scarring in man

1. Introduction

2. Scar-Free and Scar-Forming Healing

Anything greater than a superficial injury to the skin of
children and adults results in scar formation. Scarring is a
major cause of physical and psychological morbidity [1–8].
Whilst various studies have utilised a range of model systems
that have increased our understanding of the pathways and
processes underlying scar formation, they have not been typically translated to the development of eﬀective therapeutic
approaches for scar management. This is evidenced by the
fact that despite a number of potential treatment regimens,
no single therapy is accepted universally as the standard of
care [9–11]. As such, scar improvement still remains an area
of clear medical need. Herein, we describe the basic science
underlying scar-free and scar-forming healing, the utility and
translation of preclinical model systems to humans, and our
pioneering approach to the discovery and development of
therapeutic approaches for the prophylactic improvement of
scarring in man.

Scarring and wound healing occur within a spectrum
ranging from the ability to completely regenerate tissue
in amphibians, through scar-free healing in embryos of
diﬀerent mammalian species, to scar-forming healing in
children and adults. From an evolutionary perspective, the
scarring response results in rapid replacement of missing
tissue and, although suboptimal in terms of appearance and
function, results in a reduction in the likelihood of infection
and an increased likelihood of organism survival following
injury. The ability of organisms to heal wounds without
scar formation has nevertheless been demonstrated in the
early embryos of a range of mammalian species including
mice, rats, rabbits, sheep, pigs, marsupials, and monkeys
[12]. Comparison of the architecture of regenerated skin
in embryos with that of adults demonstrates that it is the
organisation of collagen that is largely responsible for scar
formation. Whereas the dermis of embryonic skin is restored
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to the normal “basket weave” architecture of collagen, in
adult scars the collagen is abnormally organised in parallel
bundles of fine fibres that are distinct from the normal skin
(Figure 1). It is of particular note that there appear to be
no major diﬀerences between the composition of the dermal
tissue of scar-free and scar-forming healing. This indicates
that scarring is primarily a failure of the regeneration of the
normal skin structure rather than a biochemical problem
related to an abnormal composition of the scar tissue [13].
The mechanisms underlying scar-free and scar-forming
healing have been studied at the molecular, biochemical, and
cellular level. Whilst there are a number of diﬀerences that
have been identified between healing in the embryo and the
adult, many of these are not mechanistically causative. In
illustration, the mammalian embryo is surrounded by the
sterile aqueous environment of the amniotic fluid, whereas
adult wounds are exposed to air and a range of potentially
contaminating agents including bacteria and foreign bodies.
Originally, it was thought that the sterile aqueous environment provided by the amniotic fluid was important in scarfree healing. However, studies on marsupials such as the
opossum, which complete development in their mother’s
pouch, proved otherwise [14]. In this model, incisional
wounds were made in young pouch opossums and at an
equivalent embryonic time to mouse embryos in an amniotic
environment. Pouch opossums, like embryonic mammals,
were found to heal without scarring despite developing
outside of a sterile amniotic environment. Following injury
to the embryo, the inflammatory response (by virtue of a
less than mature immune system) is less marked and diﬀers
in terms of the types and number of inflammatory cells
that enter the wound [15]. Finally, whilst the profiles and
quantities of growth factors and cytokines associated with
scar-free healing are often diﬀerent to those in adult scarforming healing [16–19], there are only a few of these factors
that present themselves as potential therapeutic targets [12,
13, 20].
Data from our studies and those in the literature demonstrate that the scarring response represents a continuous
spectrum of phenotypes in organisms ranging from scarfree through to scar-forming healing (Figure 2). Both scarfree and scar-forming healing can occur in the same animal,
for example, an axolotl can regenerate an amputated limb
but heals an incisional wound on the flank with a scar; if
part of the liver is removed in mammals by hepatectomy,
the liver regenerates, whilst stab wounds made to the liver
heal with scarring; MRL and other strains of adult mice
including athymic nude-nu mice regenerate ear wounds,
where the absence of T-lymphocytes in wounded ears
provides a microenvironment conducive to regeneration of
mesenchymal tissues, which is in contrast to wounds made
on the dorsum of MRL mice that heal with a scar; penetrating
wounds to the cheek of humans heal with scarring of the
external cutaneous surface but the oral mucosal surface heals
with no discernable scar [13, 21–26]. The likelihood is that
tissue repair and regeneration are not that dissimilar and, in
fact, share many common mechanisms that diﬀer very subtly.
Furthermore, the fact that all mammalian embryos exhibit a
regenerative capacity demonstrates that even adult mammals
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contain the genetic program for regeneration. The above
observations are critically important as they demonstrate
that organisms retain the ability to heal via a regenerative as
well as a scar-forming process, which gives a biological basis
for therapeutic modulation of the healing response in adults
to reduce scar formation.

3. In Vitro and In Vivo Models to
Investigate the Mechanisms of Scarring and
Evaluate Potential Treatments
A number of in vitro and in vivo models have been used
to investigate the mechanisms underlying the healing and
scarring response. The range of model systems, their uses and
limitations are summarised below.
The healing and scarring response consists of a robust
series of complex, dynamic and interacting cellular, and
molecular processes including haemostasis, the inflammatory response, granulation tissue formation, and remodelling. The functions of the cell types involved in these
processes are also regulated by a wide range of extracellular stimuli including growth factors/cytokines as well
as interaction with the extracellular matrix [27], which
elicit eﬀects by cell surface receptors and a range of
intracellular signalling cascades that result in changes in
gene and protein expression. Taken together, these events
contribute to complex dynamic microenvironments within
the injured tissue during healing and scar maturation with
which resident and infiltrating cells interact. A number
of in vitro models have been utilised to investigate the
various aspects of the healing and scarring response at the
molecular and cellular level and include diﬀerent cell types
(e.g., neutrophils, macrophages, lymphocytes, keratinocytes,
melanocytes, fibroblasts, and endothelial cells) and diﬀerent
molecular and cellular processes (e.g., signal transduction,
gene expression, proliferation, migration, growth factor production, extracellular matrix production, and remodelling)
[28–32]. Whilst in vitro models represent applicable systems
to study individual components, these systems do not always
accurately model the vastly more complex and interactive
in vivo situation. Typically, we employ in vitro systems to
further evaluate and refine findings generated from in vivo
models.
A number of species including mice, rats, and pigs have
been used as potential models of scarring in preclinical
studies (Table 1). These studies include the use of excisional
and incisional wounds in rodents and pigs, typically with
macroscopic and/or microscopic endpoints for scarring,
as well as the use of transgenic mice and more recently
the Red Duroc pig, which exhibits some of the features
of hypertrophic scarring seen in humans [54–56]. Most
studies have not systematically compared the molecular,
cellular, and tissue responses in these models to those in
man. More importantly, most studies have not investigated
the translation of therapeutic modulation in preclinical
models to that in man. Addressing these issues is key to
not only discovering and developing potential therapeutics
for humans, but also investigating and understanding their

Improvements in scarring measured
using a range of parameters (gene,
protein, histological analysis, wound
width, tensile strength, macroscopic
appearance, etc.). Endpoints typically
studied up to 6–12 months
postwounding when the scars are
stable.

Improvements in scarring measured
using a range of parameters (gene,
protein, histological analysis, wound
width, tensile strength, macroscopic
appearance, etc.).

Human
volunteers
(incisions,
excisions and
punch biopsy
wounds)

Improvements in scarring measured
using a range of parameters (gene,
protein, histological analysis, wound
width, tensile strength, macroscopic
appearance, etc.). Scars stable around
80 days post wounding.
Improvements in scarring measured
using a range of parameters (gene,
protein, histological analysis,
macroscopic appearance, etc.).
Endpoints typically studied at 20 to 40
days postwounding.

Improvements in scarring measured
using a range of parameters (gene,
protein, histological analysis, tensile
strength, macroscopic appearance,
etc.). Endpoints typically studied at 14
to 28 days postwounding. Scars stable
around day 70 postwounding.

Structure of skin is reported to be most
similar to humans. Gene expression data
indicates that molecular processes have a
relevant level of comparability to
humans. Accepted species for wound
healing studies. Large or multiple wounds
possible due to size. Incisions most
relevant for scarring, punch biopsies
relevant for healing endpoints. Red
Duroc pig is reported to model aspects of
hypertrophic scarring in humans.
Suitable for demonstrating safety and
eﬃcacy. Model highly relevant and
translates to patient-based studies. Easy
to diﬀerentiate the eﬀects of scar reducing
agents on a range of clinically and
scientifically relevant parameters.

Ear wounds are often used as a model for
chronic healing and excessive scarring.

Utility
Initial target identification and
validation. Gene modifications may elicit
eﬀects on the scarring response, inducing
scarless healing or excessive scarring.
Incisions most relevant for scarring,
punch biopsies relevant for healing
endpoints.
Outbred and inbred strains can be
utilised. Gene expression data indicate
that molecular processes have a relevant
level of comparability to humans.
Modulators of the scarring response can
be evaluated in the absence of any
potentially confounding eﬀects seen in
transgenic animals. Incisions most
relevant for scarring, punch biopsies
relevant for healing endpoints.
Rats demonstrate comparability to scars
in humans (volunteers) at the
macroscopic, microscopic, and gene
expression levels. Relatively easy to
diﬀerentiate the eﬀects of scar reducing
agents.

Requirement of suitable infrastructure and expertise.

Degree of scarring in pigs at macroscopic and microscopic levels
is significantly less than in humans. Lengthy and costly studies
due to timing of relevant endpoints. Red Duroc pigs do not
accurately model all relevant aspects of human hypertrophic
scars and require significantly long studies and therefore have
an associated potentially prohibitive cost. No robust evidence of
translation of findings in models to eﬀective therapeutics in
prospective, double-blind and well-controlled trials in humans.

Rarely used to assess normal skin wound healing on the back.
Although some features of excessive scarring are modelled, the
biological relevance of the ear wounds (involving cartilage) to
cutaneous wounds in humans is not completely clear.

[13, 49–
53]

[9, 45–48]

[42–44]

[39–41]

[29, 37,
38]

Degree of scarring in mice at macroscopic and microscopic
levels is significantly less than in humans. Therefore relatively
diﬃcult to accurately quantitate improvements with treatments
over the normal scarring response. Time points selected for
assessment in published studies, for example, 14 to 28 days, are
typically during the granulation tissue formation phase prior to
formation of a stable scar. As such, these studies do not
represent a suitable time point for evaluating the true scar
reduction eﬀects of therapies.
Many scientific reagents are geared towards the study of mice
and humans, and consequently there are some limitations in
terms of reagents (e.g., antibodies for immunocytochemistry)
to completely compare all mechanisms to those in man. Most
studies use unsuitable time points of <70 days, when scars have
not matured/stabilised.

[22, 23,
33–36]

References

Gene deletions/additions can elicit lethal eﬀects and may
provide misleading data if compensatory mechanisms due to
genetic alteration(s) occur within the animal (also see general
comments on mice below).

Limitations

Table 1: In Vivo Models Used to Evaluate Scar Improvement Therapies.

Endpoints studied
Regeneration, improvements in
scarring measured using a range of
parameters (gene, protein, histological
analysis, tensile strength, macroscopic
appearance, etc.). Endpoints typically
studied at 14 to 28 days postwounding.
Scars stable around day 70.

Pig
(minipigs,
domestic swine
and Red Duroc;
incisions,
excisions, and
punch biopsy
wounds)

Rabbit
(incisions and
punch biopsy
wounds)

Rat
(incisions and
punch biopsy
wounds)

Mouse
(incisions and
punch biopsy
wounds)

Transgenic mice
(knockouts and
overexpressors;
incisions and
punch biopsy
wounds)

Model
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Normal skin
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Figure 1: Scarring results from an abnormal deposition and organisation of collagen cutaneous scar in a noncaucasian subject at 12 months
following a 1 cm full thickness incision to the inner aspect of the upper arm (a). Histological staining of the excised scar with Van Gieson’s
stain demonstrating collagen (blue/green) and elastin (purple) staining in the normal skin compared to scar tissue and a normal undulating
epidermis with rete ridges in the normal skin compared to a flattened epidermis overlying the scar (b). Picrosirius red staining of the same
scar viewed using polarised light (c), illustrating the normal “basket-weave” organisation of collagen in the normal skin resulting in organised
light scattering (birefringence) compared to the abnormal organisation of collagen fibres within the scar resulting in a lack of birefringence.
Arrowheads indicate the border of normal skin and scar tissue. Scale bars in (b) and (c) are 500 mm. In (b) and (c), rr = rete ridges; e =
epithelium.

Regenerative
healing

Scar-free
healing

Scar-forming
healing

Species

Exemplar model/body site

Axolotl

Limbs

Mouse
(MRL and
other strains)

Ear

Mouse, rat,
pig, sheep,
marsupial, and
monkey

Embryo

Human

Liver, gums, oral mucosa, and
small cutaneous wounds
(all adult)

Mouse, rat
pig, and human

Prophylactic cutaneous scar
reduction therapeutics (in adult)
e.g., TGFβ3

Axolotl

Incision (on flank)

Mouse
Mouse (MRL strain)

Embryo (TGFβ3 knockout)
Incision (on dorsum)

Human (children and
adults)

Cutaneous wounds
Hypertrophic scars
Keloids

Figure 2: Scar-free to Scar-forming healing in vertebrates represents a continuous spectrum of responses.

mechanisms of action. We have addressed these issues in
a series of extensive longitudinal studies utilising a range
of endpoints and technologies both in pre-clinical models
and humans. Our studies in mice, rats, and pigs have
demonstrated that scars are stable and mature at ≥ 70
days postwounding in mice/rats and ≥6 months in pigs

compared to 6 to 12 months in man. Comparison of
the macroscopic appearance of these scars and the ability
to assess a scar reduction eﬀect within these pre-clinical
models demonstrates that next to man, rats scar the worst
and represent the most appropriate model (Figure 3). We
have also compared the gene expression profiles during the
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 3: Comparison of Scarring at the Macroscopic and Microscopic Levels between experimental incisional wound models in pre-clinical
species and humans. Scarring response in mice 70 days following a 1 cm full thickness incisional wound on the dorsum at the macroscopic
((a) arrowheads indicate ends of original wound) and microscopic ((b) arrowheads indicate scar) levels. Scarring response in rats 84 days
following a 1 cm full thickness incisional wound on the dorsum at the macroscopic ((c) arrowheads indicate ends of original wound) and
microscopic ((d) arrowheads indicate scar) levels. Scarring response in pigs 168 days following a 1 cm full thickness incisional wound on the
dorsum at the macroscopic ((e) arrowheads indicate ends of original wound) and microscopic ((f) arrowheads indicate scar) levels. Scarring
response in humans 365 days following a 1 cm full thickness incisional wound on the inner aspect of the upper arm at the macroscopic ((g)
arrowheads indicate ends of original wound) and microscopic ((h) arrowheads indicate scar) levels.

healing and scarring process in these pre-clinical species
(up to 30,000 genes per sample per time point; >300
samples; 11 time points) and compared these to profiles
in man (Caucasians and Noncaucasians; 30,000 genes per
sample per time point; >250 samples; 9 time points).
Analyses of the expression of genes involved in all the major
phases of healing and scarring have clearly demonstrated
molecular comparability, particularly between rat and man,
indicating that the major diﬀerence between the healing and
scarring in these models is time, with humans exhibiting
an extended scar maturation phase [50, 51] (Figure 4).
In addition, a number of genes/gene pathways have been
identified from these studies in rats and man as further
potential novel targets for the reduction of scarring in the
skin.

4. Translation from Pre-Clinical Studies to
Clinical Efficacy
As noted above, we have demonstrated that there is significant molecular and cellular comparability between the healing and scarring process in relevant pre-clinical models and
in man. Unlike other therapeutic/chronic disease indications,
it is important to note that healing and scarring represent an
acute biological response that is conserved across species, and
the progression of which is somewhat predictable. However,
whilst a number of studies have reported therapeutic scar
reduction in a variety of pre-clinical models, very few, if any,
have demonstrated a translation of these findings to man in
suitably designed, controlled, prospective, and randomised
clinical trials [9–11].
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Human
Inflammation
Granulation
(a)

365 days

180 days

30 days

14 days

Remodelling/
maturation
High expression

7 days

Time post-wounding

Time post-wounding

Low expression

5 days

3 days

1 day

Normal skin

84 days

28 days

14 days
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5 days

3 days

1 day

12 hour

6 hour

1 hour

Normal skin

Remodelling/
maturation

Granulation

Inflammation

Rat

High expression
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Figure 4: Gene expression in models of incisional wounds and scars in rat and man demonstrate molecular comparability heatmaps of
samples of normal skin, wounds, and scars following 1 cm incisional wounds analysed for gene expression using Aﬀymetrix Microarrays
comparing the levels and timings of expression of genes involved in the inflammatory, granulation, remodelling, and maturation phases of
healing and scarring (examples shown consist of comparison of ∼300 genes for each phase).

Our approach for the development of therapies has
focused on agents for the prophylactic reduction of scarring
in man. This involves local administration of these agents to
the margins of a wound at the time of surgery that leads
to long-term improvements in scarring. The use of prophylactic, regenerative medicines is a novel pharmaceutical
approach to scar improvement, and there are a number of
challenges associated with this including: designing clinical
trials in what is considered a pioneering therapeutic area,
developing and validating suitable endpoints for evaluating the eﬀectiveness of a prophylactic drug, where there
is no established baseline against which improvements
in scarring could be determined (since baseline would
otherwise be normal skin before surgery or injury), and
patients vary markedly in their propensity for scarring
[57, 58]. Our novel approach has been to utilise a withinsubject, placebo-controlled, human volunteer model, prior
to starting patient studies, not only to establish local drug
safety and tolerability but also to investigate a number of
other key parameters including: optimal dose(s) and dosing
frequency of the drug, evaluation of a variety of relevant
endpoints, eﬀects of the drug in subjects with diﬀerent
demographics, for example, sex, race, and age, eﬀects of
the drug in diﬀerent wound types, for example, incisions
and excisions. Studies to date have demonstrated that these
prospective, double-blind, within-subject designs allow for
a relevant and well-controlled approach for determining

the proof-of-concept for potential therapies. Since there
are no registered pharmaceuticals for the prophylactic
reduction of scarring, we have had to pioneer this area
in terms of clinical trial design and so have explored a
variety of potential surgical models in patient populations
to define their appropriateness for demonstration of drug
eﬀects.
We have successfully demonstrated a translation of scar
reduction approaches from pre-clinical models to clinical
studies, showing clear and robust eﬀects with both ilodecakin
(recombinant human interleukin-10, IL-10, Prevascar) in
a Phase II clinical trial and with avotermin (recombinant
human transforming growth factor beta 3, TGFβ3 , Juvista)
in extensive Phase II volunteer- and patient-based studies
[49, 52, 59]. For example, in three double-blind, placebocontrolled studies, intradermal avotermin (concentrations
ranging from 0.25 to 500 ng/100 μL per linear cm wound
margin) was administered to both margins of 1 cm, fullthickness skin incisions, before wounding and 24 h later,
in healthy men and women [59]. Treatments (avotermin
and placebo or standard wound care) were randomly
assigned to wound sites by a computer-generated randomisation scheme, and within-participant controls compared
avotermin versus placebo or standard wound care alone.
Primary endpoints consisted of visual assessment of scar
formation at 6 months and 12 months after wounding in
two studies, and from week 6 to month 7 after wounding
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Adult healing
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No haemostatic phase
Low levels of TGFβ1

Platelet degranulation

Platelet degranulation
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Figure 5: Mechanisms and processes associated with scar-free healing, scar-forming healing and prophylactic scar reduction therapies.

in the third study [59]. All investigators, participants,
and scar assessors were blinded to treatment and eﬃcacy
analyses.
In two studies, avotermin 50 ng/100 μL per linear cm
significantly improved median score on a 100-mm visual
analogue scale (VAS) by 5 mm (range −2 to 14; P =

.001) at month 6 and 8 mm (−29 to 18; P = .0230)
at month 12. In the third study, avotermin significantly
improved total scar scores at all concentrations versus
placebo (mean improvement: from 14.84 mm [95% CI 5.5–
24.2] at 5 ng/100 μL per linear cm to 64.25 mm [49.4–79.1]
at 500 ng/100 μL per linear cm). Nine [60%] scars treated
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with avotermin at 50 ng/100 μL per linear cm showed 25% or
less abnormal orientation of collagen fibres in the reticular
dermis versus five [33%] placebo scars. After only 6 weeks
from wounding, avotermin at 500 ng/100 μL per linear cm
improved VAS score by 16.12 mm (95% CI 10.61–21.63).
Similarly, in another Phase II clinical study, intradermal
administration of ilodecakin was well tolerated, and at
concentrations of 5 ng/100 μL and 25 ng/100 μL per linear cm
wound margin, resulted in statistically significant improvements (P < .05) in scar appearance with multiple endpoints
compared with controls at 12 months postwounding.
Taken together, the results of these clinical studies
have demonstrated that acute, local applications of both
avotermin and ilodecakin have the potential to provide
an accelerated and permanent improvement in scarring in
humans.

5. Understanding the Mechanisms of Action of
Prophylactic Scar Improvement Therapies
Following cutaneous injury, numerous interacting and
dynamic molecular and cellular events are initiated. These
include a series of cascades involved in amplification,
induction, repression, feed-forward, and feed-back processes
that result in a series of sequential and temporal microenvironments within the wound, with which resident cells
and those infiltrating the wound interact (Figure 5). The
molecular and cellular behaviour of the wound is dependent
on the composition of the tissue microenvironment at
any one time. Therefore, any alteration of the molecular or functional behaviour of cells (e.g., by appropriate
therapeutic modulation) results in changes to subsequent
wound microenvironments and ultimately aﬀects the tissue
response. In wound healing and scarring, like embryonic
development, the system contains a number of pathways
exhibiting multiple redundancy which gives robustness to
the system. If minor pathways are therapeutically modulated,
whilst subsequent microenvironments may be rerouted,
they nevertheless result in a scarring phenotype. However,
modulation of a major pathway that alters multiple microenvironments synergistically, results in significant alterations
and a major “rerouting” of the healing response, leading
to the propagation and amplification of a phenotype of
improved scar appearance (Figure 5). From our studies in
a range of pre-clinical species, we have identified a number
of key pathways that are central to generating a scarring
response. Our use of human volunteers, in an experimental
medicine context, has also rapidly allowed us to confirm
which of these identified pathways are relevant in man and
hence identify and progress new therapeutics into the clinical
arena.

6. Summary
The reduction of scarring represents a clear medical need.
Currently, there are no registered pharmaceuticals for the
prophylactic improvement of scarring, and no single therapy
is accepted universally as the standard of care. The spectrum
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of healing following wounding ranges from the ability to
completely regenerate tissue through to the formation of
hypertrophic and keloid scars. Importantly, a number of
studies have demonstrated that all mammalian organisms
retain the ability to heal via both regenerative and scarforming processes. This is the key in terms of being able to
therapeutically modulate the healing response in adults and
reduce the severity of subsequent scarring.
Our approach to the development of therapies has
focused on agents for the prophylactic reduction of scarring.
This has been significantly aided by our extensive studies,
comparing and understanding the molecular processes and
scarring phenotypes in pre-clinical models, as well as our
pioneering use of human volunteers both in longitudinal
scarring studies and in an experimental medicine context
which has rapidly allowed us to confirm which of the
identified pathways are relevant in man. The translation
of findings in the rat pre-clinical model to man has been
shown in suitably designed and controlled prospective and
randomised clinical trials.
In terms of the mechanisms of action, the prophylactic
administration of scar improvement therapeutics results in
significant alterations and a major “rerouting” of the healing
response, resulting in the propagation and amplification of
a phenotype of improved scar appearance, by virtue of a
change in the architecture of the deposited collagen.
The understanding of the scientific basis of scar-free and
scar-forming healing and our pioneering approach to the
development of therapies have allowed the identification and
progression of new treatments. We have demonstrated that
the development of pharmaceuticals for prophylactic scar
improvement, that are additive to good surgical technique, is
achievable, resulting in new therapies with a sound scientific
basis and clear evidence of eﬀectiveness in robust clinical
trials.
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Many patients are dissatisfied with scars on both visible and non-visible body sites and would value any opportunity to improve
or minimise scarring following surgery. Approximately 44 million procedures in the US and 42 million procedures in the EU
per annum could benefit from scar reduction therapy. A wide range of non-invasive and invasive techniques have been used in
an attempt to improve scarring although robust, prospective clinical trials to support the eﬃcacy of these therapies are lacking.
Diﬀerences in wound healing and scar outcome between early fetal and adult wounds led to interest in the role of the TGFβ family
of cytokines in scar formation and the identification of TGFβ3 (avotermin) as a potential therapeutic agent for the improvement
of scar appearance. Extensive pre-clinical and human Phase I and II clinical trial programmes have confirmed the scar improving
eﬃcacy of avotermin which produces macroscopic and histological improvements in scar architecture, with improved restitution
of the epidermis and an organisation of dermal extracellular matrix that more closely resembles normal skin. Avotermin is safe
and well tolerated and is currently in Phase III of clinical development, with the first study, in patients undergoing scar revision
surgery, fully recruited.

1. There Is a Medical Need for Therapies That
Reduce Scarring following Surgery
A recent survey performed in the USA confirmed that many
patients are disappointed with their scar resulting from a
surgical procedure, irrespective of gender, age or ethnicity
[1]. Understandably, patients are very conscious about visible
scars. However, the survey showed that it is not only visible
scars that cause dissatisfaction, with many patients reporting
scars on nonvisible body sites that they wished were less
noticeable [1]. A patient’s perception of the severity of their
scar can be influenced not only by the objective appearance
of the scar, but also by other factors including the surgical
technique used and the patient’s sensitivity to the resulting
scar [1, 2]. Many patients would value any opportunity
to improve or minimise scarring following surgery [1].
Indeed it was estimated that there are approximately 44
million procedures performed in the US (Independent
research: Mattson Jack Group) and approximately 42 million

procedures performed in the EU per annum (Independent
research for Renovo: MedTech Insights and TforG) that
could benefit from scar reduction therapy.

2. Current Treatments for Scar Management
Are Unsatisfactory
The optimal outcome of wound repair following trauma,
injury or surgery is complete restoration of normal skin.
However, adult wound healing has evolved to rapidly replace
missing tissue with repaired tissue, consisting predominantly
of fibronectin and collagen types I and III. The repaired tissue
provides an immediate barrier to foreign bodies and infectious agents, irrespective of optimal function or appearance
[3]. However, in the context of modern surgery, which is
performed under sterile conditions, this immediate barrier
is unnecessary and therefore scarring can be considered an
inappropriate response. Furthermore, dermal scarring can

2
Table 1: Commonly used approaches to manage scarring post
surgery.
Approaches currently used to manage scarring post-surgery
Non-invasive
Invasive
Silicone gel sheeting
Steroid injections
Pressure garments
Lasers
Hydrating creams/ointments
Dermabrasion
Scar-revision surgery

have significant adverse consequences including restriction
of movement and psychological trauma.
A number of diﬀerent approaches have been used in
an eﬀort to manage scarring post surgery ranging from
noninvasive (silicone gel sheeting, pressure garments,
hydrating creams, and ointments) to invasive (steroid
injections, lasers, dermabrasion, and surgery) techniques
[4–9] (Table 1). Unfortunately, many of these approaches are
uncomfortable or burdensome for the patients, and many
require a high level of patient compliance. Furthermore,
prospective, robust clinical trials to demonstrate the eﬃcacy
of scar therapies are lacking, with the majority of published
studies providing only level 4 evidence [10]. Without
clear definitions of criteria for scar improvement, coupled
with the heterogenous nature of scars themselves, it is
diﬃcult to interpret and compare data from these studies.
Consequently, no single treatment or regimen has been
universally adopted as the standard of care to manage
scarring post surgery. The high level of dissatisfaction
with scar therapies among patients is reflected by the high
number of patients who undergo scar revision surgery,
estimated to be over 150,000 per annum in the USA
(http://www.yourplasticsurgeryguide.com/trends/asps-2007
.htm). Indeed many more patients are believed to request
scar revision surgery but are refused as the clinician believes
improvement is unlikely with surgery alone.

3. New Biological Approaches Are in
Development for the Prophylactic
Improvement of Scarring
An increase in our understanding of the processes involved in
scarring at the molecular, cellular, and tissue levels has facilitated the development of new pharmaceutical approaches
to prevent or treat scarring. While the majority of these
approaches are still being investigated in the laboratory, a few
have progressed to human clinical trials (Table 2) [9]. To date
there is no approved pharmaceutical product in the US or the
EU indicated for the reduction, improvement, or prevention
of dermal scarring.
3.1. The TGFβ Isoforms Play a Key Role in Scar Formation.
Scarring in adult skin is a macroscopic disturbance of the
normal structure and function of the skin architecture that
results from a healed wound [11], although the severity
of the resulting scars diﬀers between people and body
locations. By contrast, skin wounds on early mammalian
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embryos have been shown to heal perfectly with no signs
of scarring. The transition between scar-free healing (e.g.,
in early embryonic wounds), to scar-forming healing, (e.g.,
in adults) is characterised by a change in the organisation
of the dermal extracellular matrix from a normal basket
weave orientation to the deposition of parallel bundles of fine
collagen fibres that form a scar [11].
There are a large number of diﬀerences between early
fetal and adult wounds, the majority of which appear to be
irrelevant to healing and scar formation. However, much
eﬀort has gone into identifying factors that play a causative
role in the scar-free healing phenotype [12].
In particular, the Transforming Growth Factor beta
(TGFβ) isoforms have been shown to play a key role in
determining the scarring outcome. The high ratio of TGFβ3
to TGFβ1 and β2 in embryonic wounds that heal without
a scar compared with adult wounds that scar [13], led
to interest in the role of this family of cytokines in scar
formation. More recently, a significantly higher ratio of
TGFβ3 to the other TGFβ isoforms has been shown in
the adult oral mucosa, also known to heal with minimal
scarring, compared with dermal wounds [14]. Conversely,
TGFβ1 and β2 are elevated in adult wounds that heal with
a scar compared with embryonic wounds that heal without
a scar [15]. The addition of TGFβ1 to a rat fetal wound that
would normally heal without a scar results in scar formation
[16], whereas in adult rats, scarring can be reduced by
the inhibition of TGFβ1 or TGFβ2 using antibodies or the
addition of TGFβ3[17, 18]. Furthermore, mice embryos that
are genetically null for TGFβ3 heal with a scar in comparison
with wild-type littermates (with two normal copies of the
TGFβ3 genes), which exhibit scar-free healing [19].
Collectively, data from these experimental manipulations
suggest that TGFβ3 plays an important role in scar-free healing and that the application of this cytokine to adult wounds
may reduce the magnitude and accelerate the resolution of
the scarring response, resulting in a phenotype that more
closely resembles that of normal skin [3] (Figure 1).
3.2. Preclinical Studies Have Demonstrated the Eﬃcacy and
Safety of Avotermin (TGFβ3) for the Improvement of Scar
Appearance. An extensive, preclinical programme has investigated the feasibility of therapeutically manipulating the
scarring response using human recombinant TGFβ3, avotermin (Juvista : Renovo, UK) to improve the appearance of
scars [20]. This preclinical programme was facilitated by
the high level of amino acid homology between humans
and animals for TGFβ3 and the surface receptors through
which it exerts its biological eﬀects (TGFβ receptors type
I and type II). A standardised rat model was used to
investigate the eﬃcacy of avotermin for the improvement
of scarring. Intradermal injection of avotermin (50 and
100 ng/100 μL/linear cm) to cutaneous incisional wounds
significantly reduced scarring compared with controls in
adult rats [18]. The macroscopic improvements in scarring
achieved with avotermin were accompanied by histological improvements in the architecture of the neodermis,
including a more normal basket weave arrangement of
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Table 2: Agents in development for the reduction of dermal scarring.

Company
First String
Phylogica
Sirnaomics

Capstone Therapeutics
CoDa Therapeutics
Excaliard
Renovo

Agents in preclinical development for the reduction of dermal scarring
Agent
polypeptide α-connexin
PYC-35B
STP-705
Agents in clinical development for the reduction of dermal scarring
AZX-100: 24 amino acid peptide analogue of heat shock protein 20, an
intracellular actin-relaxing molecule
Nexagon: an anti-connexin oligonucleotide, shown to increase rate of
wound healing
antisense inhibitors of Smads, Connective Tissue Growth Factor
Ilodecakin (Prevascar): recombinant human interleukin 10
Avotermin (Juvista): recombinant human TGFβ3

Status
Preclinical
Preclinical
Preclinical

Phase II
Phase I
Phase II
Phase II
Phase III

Mechanism of action of avotermin (recombinant
human TGFβ3): overview

Magnitude
of response

Scar-forming healing

Time

Magnitude
of response

(a)
TGFβ3: scar improvement

Time

Magnitude
of response

(b)
Embryonic scar-free healing

Time
Inflammatory phase
Proliferative phase
ECM deposition and remodelling phase
(c)

Figure 1: Eﬀect of TGFβ3 on the duration and magnitude of the scar-forming healing response. There are typically three overlapping phases
involved in healing and scarring: inflammatory phase (blue), proliferative phase (pink), and deposition and remodelling phase (purple).
TGFβ3 reduces both the magnitude and the duration of each of the phases, resulting in a permanent change in tissue architecture such that
collagen within the dermis is arranged in a more “basket weave” orientation (b), unlike the closely packed, parallel bundles of collagen that
are characteristic of adult scar-forming healing (a). Consequently, the application of TGFβ3 to adult wounds results in a phenotype that
more closely resembles that of normal skin (c).
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collagen [2, 18, 19]. The rat model was also used to
optimise the dose, frequency, and formulation of avotermin,
demonstrating that two injections of avotermin (50 and
100 ng/100 μL/linear cm) administered at the time of wounding and 24 hours later, resulted in the greatest improvements in scarring compared with controls. A comprehensive
preclinical safety program to support the development
of avotermin was also completed. Specific safety studies
in a clinically relevant pig model also demonstrated that
intradermal administration of avotermin, at concentrations
>12 times higher than those shown to be eﬃcacious in
people, is well tolerated, does not adversely aﬀect wound
healing or wound tensile strength, has low systemic bioavailability and is rapidly cleared with no systemic toxicity
[21].
3.3. Avotermin is the First in a New Class of Prophylactic
Medicines in Clinical Development to Improve Scar Appearance. Following encouraging eﬃcacy and safety data from
the preclinical studies, an extensive phase I/II clinical trial
programme was executed to evaluate the safety and optimise
both the administration of avotermin and the design of
clinical studies to assess its scar improving eﬀects.
The phase I/II trial programme included a series of
prospective, double-blind, within-subject placebo-controlled, randomised clinical trials in human volunteers and
patients. A number of parameters that can influence the
appearance of scars (e.g. age, race, sex, anatomical location,
etc.) have been identified. To overcome scar variability due
to these parameters, a within-subject trial design, which
allowed the eﬀect of the drug to be compared with placebo
across anatomically matched pairs of scars, was used in
the phase I/II clinical programme. This within-subject
design controlled for genetic and environmental factors
aﬀecting wound healing and scarring between individuals.
By exploring a number of ways of assessing scars that
result from experimental wounds, robust endpoints for the
assessment of scarring have been developed and validated.
In addition to assessing standard, objective endpoints for
example, scar redness, pigmentation, width, height, volume,
surface area [22, 23], more holistic assessments of scars have
been developed. A visual analogue scale was used along
with scar ranking to assess scars either on the patients
(assessed by either the investigator or the patient themselves)
or using standardised digital images (assessed by panels of
clinicians/lay people). The visual analogue scale and scar
ranking assessments have been shown to be robust and
sensitive methods for accurately assessing dermal scarring
[24]. During the phase I/II programme, an improved scar
assessment tool was developed, the Global Scar Comparison
Scale (GSCS) specifically for use in within-subject controlled
trials. The GSCS incorporates the well-established principles
of a visual analogue scale, with the benefits of scar ranking to
provide a more accurate and sensitive measure of treatment
eﬀect with clinical relevance. The scale allows assessors to
indicate which of two scars on the same subject is better
and by how much, and is eﬀectively a double VAS scale,
symmetrical around a zero point, with one end of the scale
used to indicate that one scar is better and the other end

Dermatology Research and Practice
of the scale used to indicate that the other scar is better.
The midpoint of the scale is used to indicate that there is
no diﬀerence between the two scars and scores further away
from the midpoint indicate a greater diﬀerence between two
scars. The GSCS is also a holistic assessment tool; assessors
are asked to take all scar features into consideration including
scar width, height, contour, and colour. Both the withinpatient design and use of the GSCS, which has now been
validated in a number of phase II studies, received favourable
feedback from the European Medicines Agency (EMEA)
and will be used to assess avotermin further in phase III
studies.
In all clinical studies, avotermin was administered
around the time of surgery as an intradermal injection either
along the planned line of incision or down both margins of a
closed wound, to direct delivery and ensure accurate dosing.
The data collected from more than 1,100 subjects who have
been exposed to avotermin during the extensive phase I/II
programme demonstrate that avotermin is well tolerated
with a favourable safety profile. Furthermore, no adverse
eﬀects on normal healing have been reported. To date, seven
double-blind, placebo-controlled, prospective trials have
met their primary endpoint, demonstrating a statistically
significant improvement in scarring with avotermin. (These
trials are registered with ClinicalTrials.gov: NCT00847925,
NCT00847795,
NCT00432211,
NCT00629811,
NCT00627536, NCT00594581, and NCT00430326.)
Intradermal avotermin has a broad eﬃcacious dose
range with doses of 50 to 500 ng/100μL per linear cm of
wound margin, administered around the time of surgery,
significantly improving scar appearance [25] (Figure 2).
Although eﬀective following a single application, optimal
eﬃcacy is achieved using a twice dosing regimen, the first
dose given at the time of wounding and the second dose
24 hours later. The rationale for dosing at the time of
wounding is to influence the initial cascade of molecular and
cellular processes involved in wound healing and scarring
that are triggered immediately after wounding. A subsequent
administration, 24 hours later, has been shown to provide
further improvements in scarring compared with placebo,
which are apparent after only 6 weeks and are maintained
beyond one year [25]. Dosing schedules involving more than
two administrations have been assessed and found to be suboptimal due to potential injury caused by repeated injections
at the wound site and inconvenient due to multiple clinic
visits.
Although the majority of the phase II studies investigating the safety and eﬃcacy of avotermin have been conducted
in volunteers, two recent studies performed in patients
demonstrate that the improvements in scarring translate
to a clinical setting. Two double-blind, placebo-controlled,
randomised, phase II trials in patients demonstrated the
scar-improving eﬃcacy and safety of intradermal avotermin
administered at a dose of 500 ng/100 μL per linear cm of
wound margin on a single occasion following bilateral varicose vein surgery, or administered at a dose of 200 ng/100 μL
per linear cm of wound margin on two occasions (immediately after wound closure and 24 hours later) in patients
undergoing scar revision surgery (Figure 3). The mechanism
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Figure 2: Photographic images showing the improvement in scar
appearance with avotermin versus placebo and standard care.
Two patients (one with paler skin (b)) with wounds treated with
avotermin 200 ng/100 μl/linear cm of wound margin immediately
before surgery and 24 hours later (i), placebo (ii), and standard care
(iii) at Month 12.

of action associated with the macroscopic benefits in scarring reported by assessment panels, investigators, and the
patients undergoing scar revision surgery in this study was
confirmed by histological improvements in the architecture
of the scars, with improved epidermal restitution and an
organisation of the extracellular matrix of the papillary
and reticular dermis which more closely resembles normal
skin.
Key learnings from the extensive phase I/II clinical trial
programme have been used to optimise the design of a
phase III study to further evaluate the potential benefits of
administering avotermin to improve scar appearance (ClinicalTrial.gov NCT00742443). This study is a randomised
double-blind, within-patient, placebo-controlled trial to
investigate the eﬃcacy of avotermin in conjunction with scar
revision surgery for the improvement of disfiguring scars.
The eﬀects of avotermin, administered immediately after
wounding and 24 hours later, on subsequent scar formation
will be assessed by an independent clinical scar assessment
panel. The panel will assess digital photographs of scars
at 12 months after surgery using the GSCS. The trial is
currently under way in patients with disfiguring linear scars
that are suitable for revision and data are awaited with
interest.

(b)

Figure 3: Photographic images showing the improvements in
scarring following scar revision surgery with avotermin versus
placebo at Month 7 (a) and Month 12 (b). Sections of mature
linear scars were randomised to receive placebo (i) or avotermin
200 ng/100 μL (ii) per linear cm immediately following wound
closure and 24 hours later.

4. Conclusions and Perspectives
As many patients suﬀer physical and psychological trauma
as a result of scarring, there is a medical need for a
prophylactic therapy given at the time of surgery to improve
the appearance of scars. Current treatments for scarring
have limited eﬃcacy and are not supported by data from
prospective, robust clinical trials. Consequently there is no
well-established standard of care and the management of
scarring is often inadequate. While a number of biological
agents designed to manipulate the scarring process are in
development, avotermin is the most advanced in phase
III clinical trials for the improvement of scar appearance
following scar revision surgery. An extensive preclinical and
clinical programme has shown that avotermin promotes the
regeneration of normal skin and improves scar appearance.
The ongoing phase III programme is designed to show that
avotermin supplements good surgical technique, resulting
in less noticeable scars that more closely resemble the
surrounding skin following scar revision surgery.
Avotermin is the first in a new class of prophylactic
therapeutics in development for the improvement of scarring
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and could have a significant impact on the outcome of
scarring for patients in the future.
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A Z-plasty is a critical and reliable technique that is useful for scar revisions and correction of free margin distortion. A Z-plasty
can help lengthen a contracted scar, change the direction of a scar so that it is better aligned with the relaxed skin tension lines, or
interrupt and break a scar for better camouflage. This article will review the technique of a basic Z-plasty as well as provide case
examples of its use in free margin distortion and scar revision.

1. Introduction
In order to achieve optimal aesthetic and functional results,
there is no substitute for careful planning and meticulous
surgical technique. Yet even in the most competent hands,
surgical complications are an inevitable fact of life. In
particular, areas of the face that border free margins, such
as the eyes, nose, and lips, present a special challenge to
the dermatologic surgeon. These areas oﬀer little resistance
to any tension created by surgical movement of nearby
tissue and are not very forgiving. Any abnormality in the
natural contours of these visually critical structures focuses
the attention to the disruption or distortion itself. Often the
distortion not only leads to an unacceptable cosmetic result
but may also have functional consequences.
A Z-plasty [1] is a critical and reliable technique for the
dermatologic surgeon when performing revisions or correcting free margin distortion. There are three main objectives
when performing a Z-plasty: to lengthen a contracted scar,
to change the direction of a scar so that it is better aligned
with the relaxed skin tension lines, or to interrupt and break
a scar for better camouflage. When it comes to free margins,
a Z-plasty is particularly useful because it does not require
excising more tissue which is often at a premium near free
margins.

2. Design and Execution
As with all surgical reconstruction, it is essential to carefully
plan, measure, and draw out the Z-plasty. Ideally this is

done before any local anesthesia is injected to prevent tissue
distortion. The fundamental unit of a Z-plasty is a triangular
double transposition flap. However, as with most lifting flaps,
there are also elements of rotation and advancement. In a
classic Z-plasty three incisions of equal length create two
equilateral triangular flaps (see Figures 1(b) and 1(c)). There
is a central limb which is either the scar itself that needs to
be redirected or an incision parallel to this scar. There are
also two arms that originate from this central limb at various
angles. Ideally, the angles may be measured using a protractor
or they can be estimated free hand. That is, one can draw
a 90-degree limb that comes oﬀ the central limb and then
either bisect it to create a 45-degree angles or trisect it to
create a 30- and, the more commonly used, 60-degree angles.
Precise, confident incisions and delicate tissue handling are
critical because the triangular flaps that are being excised and
transposed are often rather small.
Undermining as in any transposition flap is also a key
so that the flap can be transposed without tension. When
trying to free a contracture or redirect a scar, it is especially
important to undermine widely below any fibrosis that
constrains the scar. If one only undermines above this plane,
the flaps will transpose but the scar tissue below the flaps will
prevent release of the contracture and will not significantly
redirect or lengthen the original scar. In addition, for the
novice, it may be helpful to place an indelible dot of ink on
one of the flap tips. It is easy to sew the flaps back into their
original position and not actually transpose them once they
have been undermined and freed (since suturing the flaps
with or without transposing will create a z or mirror image
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 1: (a) Complication of eclabium secondary to herpetic infection of an advancement flap of the upper lip. (b) A 45-degree Z-plasty
is planned and drawn. (c) The flaps are widely undermined and transposed. Note the use of skin hooks to minimize trauma to the tenuous
tips. (d) Flaps sutured in place. Transposition of the triangular flaps brings about the following changes: the central limb is rotated (from a
vertical to a horizontal direction), the distance between the original vertical scar (or limb) is increased, and the final scar is “broken” from
a straight line to a nonlinear Z configuration. (e) Patient at suture removal. Note the immediate correction of the eclabium. (f) Results at
several months. The scar lines have become more subtle.

30-angle

25% gain

45-angle

50% gain

60-angle

75% gain

Figure 2: The degree of scar directional change and lengthening is aﬀected by the angles of the flap. In the 30-degree Z-plasty, the direction
of the change is approximately 45 degrees from the initial position of the central limb and there is a 25% gain in scar length. With a 45-degree
Z-plasty, the resultant limb lies in a more oblique position, approximately 60 degrees from the initial position and there is a 50% gain in scar
length. A 60-degree Z-plasty will yield a 75% increase in scar length and a 90-degree change in scar direction (the broken line represents the
original scar).
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Figure 3: A multiple Z-plasty.

(a)

(b)

(c)

(d)

Figure 4: For a scar that crosses the melolabial fold (black line) in an undesirable perpendicular fashion, there are two ways that the Z-plasty
could be performed to change the scar direction (represented by the green and red inks in Figures 4(a) and 4(c)). Although both options
will change the scar direction to match the melolabial fold, only one of the designs (green ink Figure 4(b)) allows for the limbs of the Zplasty to align with the RSTLs of the cheek and lip. Conversely, in Figure 4(d) even though the mirror image also realigns the central limb
appropriately, the resultant lateral limbs cross the RSTL of the lip and cheek in an undesirable perpendicular fashion.

of a z). After undermining, one triangular flap is transposed
about its pivotal point in a clockwise direction and the other
in a counterclockwise direction to create the Z-plasty. In
most cases, one does not need a lot of buried interrupted
sutures and must be fairly gentle with the tips of the Z-plasty
to avoid vascular compromise of these small flaps [2].

3. Limitations and Considerations
The degree of scar directional change and lengthening is
determined by the angles of the flap: the larger the angle,
the greater the lengthening and the greater the change in

direction of the original scar, the smaller the angle, the less
the lengthening and change in the direction of the original
scar (Figure 2). Although angles between 30 and 90 degrees
are possible, the 60-degree Z-plasty is most common. A 60degree Z-plasty will yield a 75% increase in scar length and a
90-degree change in scar direction. In the 45-degree Z-plasty,
the resultant central limb lies in a more oblique position,
approximately 60 degrees from the initial position. In the
30-degree Z-plasty, the direction of the change is even less,
approximately 45 degrees from the initial position of the
central limb. Z-plasties with angles less than 30 degrees will
greatly increase the risk of tip necrosis. Z-plasties created by

4
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(a)

(b)

(c)

(f)

(g)

(j)

(d)

(h)

(e)

(i)

(k)

Figure 5: (a) Alar retraction secondary to multiple tumor extirpations resulting in an ecnasion. (b) A Z-plasty is planned. One relatively
simple way to estimate the angles is to draw out the peripheral arms at 90 angles to the central limb and then divide this in 1/2 to get 45degree angles or trisect it to obtain 30- or 60-degree angles as shown. (c) Z-plasty sutured in place. ((d) and (e)) Frontal and lateral views
demonstrating that alar retraction has improved but not completely resolved (cf. Figure 5(a)). (f) Another, more inferior Z-plasty is planned
at a later date. (g) A strip of cartilage is used underneath the flap to provide structural support to the alar rim. (h) Z-plasty sutured in place.
(i) Patient at suture removal. (j-k) Frontal and lateral views demonstrating resolution of the ecnasion.

(a)

(b)

(c)

(d)

Figure 6: (a) Scar creating webbing in the retroauricular sulcus. (b) Z-plasty designed. (c) A Z-plasty is performed to release the contracture.
(d) Patient at suture removal.
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angles greater than 60 degrees will make it more diﬃcult to
transpose the two flaps without tension and also produce
standing cutaneous deformities or “dog ears.” It is important
to bear in mind that these mathematical predictions do
not bear out precisely in practice when dealing with live
tissue because of factors such as pliability and tensile forces
that place constraints on skin. Thus, the gain in scar
lengthening or directional change is almost always less than
calculated.
The limb lengths of the Z-plasty also influence the length
gained: the longer the limbs, the greater the gain in scar
length. Yet these limbs of the Z-plasty have some practical
limitations in terms of their length. Although the broken
line scar created by a Z-plasty allows for an overall less
perceptible scar, this advantage diminishes with longer limbs
as they will eventually create more obvious scar lines (and
an unnatural appearance of a Z-shaped scar). Usually 6 to
10 millimeters is as long as any segment of the Z-plasty
should be designed, particularly if the segment does not lie
in a favorable direction or at the junction of two cosmetic
units. In order to decrease the formation of a noticeable Zshaped scar and overcome the practical limb lengths, a longer
scar can be broken up by using multiple Z-plasties (Figure 3).
Finally, mechanical dermabrasion or laser resurfacing can be
performed afterwards to camouflage and make the Z-shaped
scar more subtle.
Finally one should also consider the relaxed skin tension
lines of the face when planning the Z-plasty such that the
amount of directional change (and hence final scar lines) can
be most similar to the RSTLs. For each particular scar or
central limb, there are always two choices for the alignment
of the peripheral arms, these being mirror images of one
another (Figure 4). Both options should be considered since
both designs will change the scar direction; however, one
of these options will usually be a better choice for scar
camouflage due to placement of the lateral limbs such that
they more correctly mimic the RSTL.
Like other transposition flaps, a Z-plasties can create
trapdoor or pincushion eﬀect. Wide undermining to create
an even scar contraction plate may help decrease this risk.
Post-operative intralesional steroids may also help diminish
such an eﬀect should it occur.
Case Examples.
Case 1. Figure 5 represents an example of Case 1.
Case 2. Figure 6 represents an example of Case 2.
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Full-thickness burn and other types of deep skin loss will result in scar formation. For at least partial replacement of the lost dermal
layer, there are several options to use biotechnologically derived extracellular matrix components or tissue scaﬀolds of cadaver skin
origin. In a survey, we have collected data on 18 pts who have previously received acellular dermal implant Alloderm. The age of
these patients at the injury varied between 16 months and 84 years. The average area of the implants was 185 cm2 . Among those,
15 implant sites of 14 patients were assessed at an average of 50 months after surgery. The scar function was assessed by using the
modified Vancouver Scar Scale. We have found that the overall scar quality and function was significantly better over the implanted
areas than over the surrounding skin. Also these areas received a better score for scar height and pliability. Our findings suggest that
acellular dermal implants are especially useful tools in the treatment of full-thickness burns as well as postburn scar contractures.

1. Introduction
Once the dermis of the injured skin is lost due to fullthickness burn, it will either be replaced by scar that
originates from granulation tissue and epithelized from the
wound edges, or skin grafting will close the wound. Neither
the scar tissue, nor the patchy dermal residual islands of
dermal papillae provided by the split-thickness skin graft
(STSG) will result in a continuous healthy dermal layer to the
wound site. The quality and function of dermal connective
tissue and the amount and orientation of dermal elastic fibers
have great impact on postinjury skin quality. The typical
scar tissue is characterized by sparse elastic fibers and newly
formed collagen bundles in random orientation. There are
several methods available that are designed to improve the
qualities of the dermal wound bed, while some of these
methods aim to provide dermal tissue for replacement.
Harvesting thicker grafts will enormously increase donor site
morbidity; full-thickness skin grafting has a strict limitation
of a mere few square cms. Donor site is often limited

and when applying the gold standard of wound closure,
autologous stsg, it has to be expanded to a ratio where
disfiguring scarring is inevitable. A widely used alternative is
to restore barrier function until definitive closure by applying
temporary coverage, preferably with biological dressings.
A large variety of methods are available ranging from
xenograft (frog’s membrane to porcine skin) to allogenic
tissue (e.g., placenta, frozen-, cryopreserved- or glycerol
preserved human skin). Risk of transmission of infectious
diseases is a theoretical drawback of these materials; despite
implementing tissue banking guidelines, this risk is relative
low. There is a range of bioengineered skin substitutes
available for the purpose of improving the quality of skin
in the area of dermal loss. These can either be applied
during tissue repair or after scar formation, as tools for
reconstructive surgery.
Due to the diversity of the commercially available
biotechnologically produced materials, it is rather diﬃcult to
compare their real value and usefulness, and there remains
some uncertainty regarding their eﬀectiveness. Some of
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these materials contain cells, some only cellular products,
characteristically in a rather complex manner. Clinically,
as it seems, the simple delivery of macromolecules, such
as collagen, in an unstructured manner (powder, cream,
gel, etc.) may not fulfill the many requirements of the
proliferative phase of wound healing. It is likely, that a 3dimensional structure is mandatory, eﬀectively provided by
an acellular natural dermal scaﬀold or a tissue-engineered
newly formed biological matrix. There remains a question
whether the more complex cellular products could deliver the
extra clinical advantage, that justifies the higher cost associated with their production. Besides the high price, challenges
in obtaining reimbursement, together with complicated
regulations and approval regarding the use of allogeneic cells
make the future of these products uncertain [1]. The name
and origin of some of the most typical and important tissueengineered materials are summarized in Table 1 in the order
of their complexity and appearance on the market.

2. Acellular Preparations
MB-Collagen or Collagen-Klee (Medical Biomaterial Products GmbH Neustadt-Glewe, BRD), a resorbable, 5 mm thick
collagen membrane made of porcine origin is an example of
the many collagen delivery devices on the market to promote
connective tissue proliferation during wound repair [2].
BGC Matrix (Brennen Medical Inc, St. Paul MN, USA)
consists of beta-Glucan, a complex carbohydrate isolated
from the cell wall of oats and a porcine collagen hydrocolloid
matrix combined in a multifilament mesh [3].
Promogran (Systagenix Wound Management Ltd., Gargrave, UK), in addition to its bovine collagen content,
also contains regenerated oxidized cellulose as an additional
source of substrate for binding to matrix metalloproteases
present in the chronic wounds. Substrate substitution aims
at the inactivation of ECM degrading enzymes and the
protection of naturally occurring growth factors. It is concluded that protease-modulation by substrate substitution
acts synergistically with autologous growth factors in diabetic
foot ulcers [4].
Biostep/Biostep Ag Collagen Matrix Dressing (Smith &
Nephew Inc. St. Petersburg, FL USA) provides its porcine
collagen content considerable antimicrobial activity with the
combination of Silver ions (company information).
Matriderm (Dr. Suwelack Skin & Health Care AG,
Billerbeck, BRD) is a three-dimensional matrix consisting
of collagen and elastin, comparable to the structure of
human dermis. The sheets are used in a one-step procedure,
applied dry, possess unique hemostyptical characteristics,
and rehydrate “in loco” after grafting. When full-thickness
acute burn wounds are treated with STSG alone, and with the
use of Matriderm, the use of the device results in improved
scar (skin) formation [5].
Alloderm regenerative tissue matrix (LifeCell Co., The
Woodlands, TX USA) is a freeze-dried extracellular matrix
(ECM) tissue derived from cadaver skin, through a process
resulting in removal of all cellular components and residues.
The ECM has high hyaluronan and proteoglycan content,
while the scaﬀold retains its collagen and elastic fiber content
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and structure, with an intact basement membrane. The
material is made from tissue bank skin and has a 2-year shelf
life. The acellular dermal implant Alloderm is available also
in a meshed version and has been advocated and approved
since 1995 for the management of acute burns in which
the dermis is severely damaged [6]. It allows the utilization
of ultra thin autograft skin, (0,1-0,2 mm instead of 0,35–
0,5 mm), strongly reducing donor site morbidity and soon
allowing for reharvesting the donor area. The product in fact
has received its FDA approval, as “banked human tissue” and
not as a “medical device” if used in an orthotopic way, that
is, as skin replacement. Probably it is the most widely used
product for dermal regeneration as of now.
The European version of Alloderm is called Glyaderm
acellular dermal collagen-elastin matrix. It is a dermal
substitute produced by the Euro Skin Bank (Beverwijk,
NL) and is based on the glycerol-preservation technique,
developed for producing allogenic temporary skin grafts for
burn treatment [7].
SureDerm (Hans Biomed Corp., Seoul, Korea) is another
similar product to Alloderm. It is made according to
AATB (American Association of Tissue Banks) guidelines in
South Korea, requiring less rehydration time (10 minutes
versus 20–40 minutes). Only limited scientific information
is available [8], but this relatively newcomer product has
both FDA and CE approval, allowing to gain its share of the
market.
Integra (Integra LifeSciences Co., Plainsboro, NJ USA)
dermal regeneration template consists of two layers; a porous
chondroitin 6 sulphate glucosaminoglycane (GAG) and
bovine collagen-based dermal analogue, which integrates
with the patient’s own cells and a supporting epidermal
silicone sheet. The product besides promoting and regulating
dermal development also provides a massive temporary
cover of the wound area; the protective layer, later as the
wound heals, gets peeled oﬀ. A very thin autograft is then
grafted onto the neo-dermis. Integra is primarily indicated
for the postexcisional treatment of full-thickness or deep
partial-thickness burns and similar tissue defects. A relatively
high incidence rate of infectious complications follows its
application, but its frequency can be reduced by more careful
timing, that is, earlier application [9].

3. Cell-Containing Devices
TransCyte, formerly Dermagraft TC (Advanced BioHealing Inc, Westport, CT USA) is a temporary, biosynthetic
covering material composed of a semipermeable silicone
membrane and human fibroblast cells of newborn foreskin
origin cultured on a porcine collagen coated nylon mesh.
During the 17 days manufacturing cycle in a so-called
“bioreactor” the cellular products, fibronectin, tenascin, glycosaminoglycans, growth factors reach high concentration.
The device is then frozen and stored at −70◦ C until it is
used. Human application is possible, because the fibroblasts
reaching the wound surface are metabolically already inactive
and do not provoke immunological rejection [10]. It has
been indicated for use as a temporary covering for excised
burns prior to autografting. Another indication is to use it
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Table 1: Biotechnologically derived products designed to improve dermal wound repair.
Biotechnological device
Name

Composition

MB-Collagen/CollagenKlee

Porcine collagen

BGC Matrix

Porcine collagen and beta-Glucan

Promogran

Bovine collagen, regenerated oxidized
cellulose

Biostep/Biostep Ag
Collagen Matrix Dressing

Porcine collagen

Matriderm

Bovine collagen and elastin matrix

Alloderm regenerative
tissue matrix
Glyaderm dermal
replacement material
SureDerm
Integra dermal
regeneration template
TransCyte/Dermagraft TC
temporary, biosynthetic
wound cover
Dermagraft
Apligraf/Graftskin living
skin equivalent
OrCel cryopreserved
bilayered matrix
StrataGraft Pathogen-free
human temporary allograft

Manufacturer
Medical Biomaterial Products GmbH
Neustadt-Glewe, BRD
Brennen Medical Inc, St. Paul MN,
USA
Systagenix Wound Management Ltd.,
Gargrave, UK
Smith & Nephew Inc. St. Petersburg,
FL USA
Dr. Suwelack Skin & Health Care AG,
Billerbeck, BRD

Cellular
content

Ref. no

no

[2]

no

[3]

no

[4]

no

—

no

[5]

Freeze-dried ECM from cadaver skin

LifeCell Co., The Woodlands, TX USA

no

[6]

Dermal collagen-elastin matrix

Euro Skin Bank, Beverwijk, NL

no

[7]

Freeze-dried ECM from cadaver skin
Bovine collagen and GAG, with a
supporting epidermal silicone sheet
Porcine collagen coated nylon mesh
with human fibroblast and silicone
membrane
Biodegradable polyglactin mesh with
human fibroblast
Bilayered structure bovine collagen
with human fibroblasts and human
keratinocytes
Bilayered structure bovine collagen
with human fibroblasts and human
keratinocytes
Bilayered structure: non-bovine
collagen with human fibroblasts and
immortalized human keratinocytes

Hans Biomed Corp., Seoul, Korea
Integra LifeSciences Co., Plainsboro,
NJ USA

no

[8]

no

[9]

Advanced BioHealing Inc, Westport,
CT USA

yes

[11]

Advanced BioHealing Inc, Westport,
CT USA

yes

[12]

Organogenesis Inc., Canton, MA USA
and Novartis AG Basel, CH

yes

[13]

Forticell BioScience Inc., New York,
NY USA

yes

[16]

Stratatech Corporation, Madison, WI
USA

yes

[17]

on donor sites or burns that do not require autografting, that
is, as a biological dressing material [11].
Dermagraft (Advanced BioHealing Inc, Westport, CT
USA) is similar to the previous device, but the scaﬀold is
a biodegradable polyglactin mesh seeded with allogeneic
neonatal fibroblasts. The fibroblasts proliferate and produce dermal collagen, growth factors, glycosaminoglycans
(GAGs), and fibronectin to restore the dermal bed, while
the mesh material is gradually absorbed. It is intended to
be used as a temporary covering to promote wound healing
via multiple applications of the device. The result of this
type of approach is second intention healing, one reason why
Dermagraft is primarily intended for diabetic foot ulcer [12].
Apligraf formerly Graftskin (Organogenesis Inc., Canton, MA, USA and Novartis AG Basel, CH) is a bilayered
living skin equivalent composed of allogeneic fibroblasts and
type I bovine collagen as dermis and allogeneic neonatal
foreskin-derived keratinocytes as epidermis. It has a short
shelf-life of 5 days, so needs to be applied while “fresh”. It
is on the market since 1998 and is currently approved for
accelerating the closure of chronic wounds, diabetic foot,

and venous leg ulcer. Experimental application in excised
deep burn wounds combined with autografting was reported
by Waymack et al. [13]. Apligraf ’s DNA persisted in a
minority of patients only at 4 weeks after grafting in acute
partial-thickness wounds [14]. Its success in speeding the
healing of acute wounds appears to be related to other
factors than the persistence of donor DNA or basement
membrane restoration. For the treatment of deep chronic
wounds, the same manufacturer developed a monolayer
product, with live human fibroblasts in a collagen matrix,
without a keratinocyte layer [15], which is currently not
available. A further developed version of Apligraf aiming
to omit the use of xenogenic collagen and utilizing human
collagen produced de novo by the human fibroblasts is in
late-stage development (VCT01, company information).
OrCel (Forticell BioScience Inc., New York, NY USA)
is a cryopreserved bilayered matrix with fibroblasts and
keratinocytes cultured on type I. collagen 3D matrix. Its
FDA approval was obtained in 2001 for treatment of acute
surgical excisions, such as contracture release sites and donor
sites in epidermolysis bullosa (EB) patients undergoing hand
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An investigation was planned to study the beneficial eﬀect
of dermal replacement on the healing process. In authors’
country, Hungary, availability of products intended to
improve dermal repair is strictly limited. Not all of the
previously listed materials are available. In our facility for
burn treatment, we have been using Alloderm regenerative
tissue matrix over 10 years for burn patients with good
functional and cosmetic results. Besides Alloderm, authors
have personal experience with the use of Collagen-Klee,
Promogran, Integra, and Apligraf only. The indication of
both Promogran and Apligraf allows only treatment of
chronic wounds. Collagen-Klee and Integra were applied
only on few occasions by us with promising results. The
low number of cases however did not result in suﬃcient
data allowing comparison with our regularly used product,
Alloderm. In order to assess the long-term results of dermal
replacement, a study was made among our burn patients who
received this implant material.

5. Materials and Methods
We have reviewed the case documentation of 17 patients at
the Burn and Dermatosurgery Unit at the Department of
Dermatology, Medical and Health Science Center, University
of Debrecen, Debrecen, Hungary who were grafted with
a sandwich graft combining Alloderm regenerative tissue
matrix and thin autologous STSG. The operations took place
between the years 1996 and 2006 (Table 2). We carried out
18 operations at 17 pts whose average age was 33,7 (1,4–
84) years. There were two types of operations; “early” and
“late”. Early operation was regarded when the implantation
of Alloderm was executed before wound closure (n = 10),
with the intention to improve the quality of the resulting
burn scar. Late operations were scar revisions (n = 8) done
for release of contractures over a joint. The patients were
operated on the average 17,8 postburn day and at the average
5,62 months postburn in the two groups, respectively. The
majority of the patients had full-thickness burns, a small
percentage had deep partial-thickness/full-thickness mosaic
burns, the average TBSA was 35% (15%–96%). Implantation
was always carried out in areas of full-thickness skin loss,

Total

Vascularisation

4. Long-Term Followup of Alloderm Grafts

Flexibility

0

Thickness

1
Pigmentation

reconstruction surgery and burn surgery donor sites [16].
Due to a long period of in vitro expansion, the constiuent
cells cease to express significant levels of HLA-II antigens
and, upon application to a wound bed, are apparently not
immediately recognized by the recipient’s immune system.
StrataGraft (Stratatech Corporation, Madison, WI USA)
is a bilayered skin substitute providing a dermis and a
stratified, functional epidermis generated from a pathogenfree, human keratinocyte progenitor cell line, Neonatal
Immortalized KeratinocyteS (NIKS). This new device has
functional performance comparable to cadaver allograft for
the temporary management of burns and other complex
skin defects before autografting [17]. The major advantage
is its full consistency and reproducibility and a resulting
additionally lower risk of disease transmission.
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Alloderm
Surrounding scar

Figure 1: Comparison of scar qualities of the Alloderm implant
sites and surrounding tissue by the modified Vancouver Burn Scar
Index (VBSI).

either burns or excised scars. During the operations, we
grafted 3140 cm2 s of the material, at an average of 185 cm2 s
(6–1050 cm2 s). Initially we adhered to the recommendation
of the manufacturer to regularly apply antibiotic solutions
to the dressing, later we changed our protocol to the use of
nanocrystalline silver dressings (Acticoat, Smith & Nephew
Wound Management, Hull UK) as a protective overlay and
administered no local antibiotics.
5.1. Determination of Scar Qualities. A representative area
of the dermal implant site was chosen, and its scar qualities
were determined by the modified Vancouver Burn Scar Index
(VBSI), described previously by Oliveira [18] upon four
criteria, not including pain and pruritus. A comparable
matching site of the surrounding burn scar was also chosen
that received no Alloderm implant previously, and its
scar qualities were also determined by the modified VBSI
(Figure 1).
5.2. Statistical Analysis. Results were expressed as means ±
SEM. Statistical significance between groups was determined
by Student’s t-test; P < .05 was considered as significant.
Error bars represent ±SEM.

6. Results
The Alloderm implantations were extensively photodocumented, and records were made on the take-rate of
the sandwich grafts, which was found to be 99%. We have
seen no inflammatory reaction, no rejection, no infection,
and most importantly all of the implantations resulted in
soft pliable skin with acceptable cosmesis. Three of our
patients died shortly (bw. 15–40 days) after the operation,
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Table 2: List of patients grafted with a sandwich graft combining Alloderm regenerative tissue matrix and thin autologous split thickness
skin graft.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)

1,8
1,4
43
84
47
49
72

Dermal replacement
Days after Months
Type
burn
after burn
early
30
late
2
late
4
late
6
early
14
early
3
late
3
early
4
early
10
late
4
late
22
early
16
late
2
late
2
early
27
early
25
early
28

(18)

43

early

Avg.

33.66

Age of pt. at
burn
6
35
8
40
42
42
14
28
16

21
17,8

Depth of burn

(III) degree
(III) degree, scar
(III) degree, scar
(III) degree, scar
(III) degree
(IIb-III) degree
(III) degree, scar
(III) degree
(III) degree
(III) degree, scar
(III) degree, scar
(IIb-III) degree
(III) degree, scar
(III) degree, scar
(III) degree
(III) degree
(III) degree
(III) degree

TBSA %

96
25
20
15
20
25
65
18
75
20
15
19
35
55
25
32
39

5,62

35

Burn
mechanism
flame
scald
contact
scald
contact
contact
electr + contact
contact
electr + contact
electr + contact
scald
scald
scald
flame
flame
contact
flame
contact

Age of scar at
control (mo)
exit
48
86
46
14
36
85
19
122
118
34
70
13
exit
exit
18
36
14
50,6

Graft area
(cm2 )
32
180
104
110
200
44
130
720
850
200
30
6
90
40
110
220
45
30
3140
185

Table 3: Determination of scar qualities of the Alloderm implant sites and surrounding tissue by the modified Vancouver Burn Scar Index
(VBSI).

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

PIGM
1
1
2
2
1
1
0
2
1
3
1
1
1
2
2

HEIGHT
FLX
1
1
1
1
0
1
0
0
1
1
0
0
0
1
1
1
0
0
1
1
2
1
0
0
0
0
0
1
0
1
Dermal replacement area

VASC
0
0
0
0
0
0
0
0
0
0
1
0
0
1
1

SUM
3
3
3
2
3
1
1
4
1
5
5
1
1
4
4

PIGM
1
1
2
2
2
2
2
2
2
3
1
1
1
3
3

HEIGHT
FLX
VASC
2
1
0
2
1
0
2
3
0
1
1
0
1
4
0
1
1
0
2
4
0
2
4
2
1
1
0
2
3
0
1
1
1
1
1
0
1
1
0
0
2
1
0
2
1
Surrounding scarred skin

SUM
4
4
7
4
7
4
8
10
4
8
4
3
3
6
6

Abbreviations: PIGM: pigmentation, FLX: flexibility, VASC: vascularization, SUM: summary.

their grafts were also problem free. In order to determine the
long-term results of the interventions, we called the patients
to control in 2007. During the control, 14 patients with 15
operation sites were investigated. The average age of scar
at investigation was 50,6 months (14–122 months). Scar

qualities were determined by VBSI, both of a representative
area of the dermal implant site, and that of a chosen
comparable matching site of the surrounding burn scar,
that received no Alloderm implant previously. The VBSI
measurements of the sites are collected in Table 3.
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(a)

(b)

(c)

(d)

(e)

Figure 2: Patient no. 3, 8-years-old male suﬀered 4 months earlier from full-thickness burn on 20% body surface area and had conservative
treatment (at another institution). (a) Upon admission: spontaneous rupture of scar that was causing severe axillary contracture. (b)
Intraoperative photograph after removal of scar tissue. Full axillary function following sandwich grafting with Alloderm and thin autologous
skin at (c) 3 months and (d) 7 years postoperatively. (e) No visible trace of previous harvesting of autograft skin can be seen at the donor site
on right thigh (picture taken at 7 years post-op.).

The examinations revealed uniformly better VBSI values
in the Alloderm implant group than in the control group.
The diﬀerences in color, thickness, and vascularization of
the skin at the dermal replacement site were not significant
when compared to control. Flexibility and overall scar quality
however were significantly better at the Alloderm implant
site than at the control area. In addition to the favorable
quality of scar (skin) at the site of dermal replacement, the
functional results were also excellent; all of the patients with
no exception, who were operated due to scar contracture,
regained their full joint movement.

7. Discussion
In an elegant series of nude mouse transplantation experiments, Truong et al. [19] compared eﬀects of dermal substitutes on wound healing. They experienced that human skinderived products, Alloderm and their similarly processed
own acellular dermal matrix produced the least contraction
and the thickest neodermis in the healed wounds, when
compared to control or synthetic dermal substitutes. The
application of processed acellular cadaver dermis has proven
extremely useful in the fields of burns and reconstructive
surgery and is gaining acceptance elsewhere, for various
oﬀ-label indications for example, in neurosurgery [20],
ophthalmic surgery [21], head and neck surgery [22, 23],
and in hernia repair [24]. Its application in extensive burns
provides the grafted area with functionally and esthetically
outstanding skin as a result. Despite being an additional layer
between the wound bed and epithelial cover, it does not hinder graft take. Possibly due to its intact ECM structure, the
repopulation by recipient cells, fibroblasts, endothelial cells,
and so forth, is extremely rapid. Clinically the STSG overlay
acts no diﬀerently than a simple skin graft, their color and
other vitality signs are identical. There is the added advantage
of the possibility of harvesting ultra thin (0,1-0,2 mm thick)
skin for autografting, which dramatically reduces the trauma

of the donor area. The resulting neodermis is soft, pliable
resembling normal skin. In two early cases the Alloderm
containing sandwich graft was applied to the decorticated
bone of the scapula (unpublished case) and of the proximal
third of the tibia [25]. In both cases, a vital neodermis
was the result, that could be easily wrinkled and provided
protective support to the overlaying epidermis. Histological
examination revealed an inflammation-free neodermis, with
ample vascularization and abundant loose collagen fibrils
plus oligocellular elastic connective tissue. The epidermis
had normal structure and keratinisation, with apparent
cell proliferation (indicated by Ki67 mAb expression). The
Alloderm implant converted into a compact, functionally
and morphologically live neodermis as an interconnection
between the epidermal layer of the skin and the underlying
bony tissue [25]. In the opinion of the authors, the easy, onestep procedure of Alloderm grafting with a simultaneous thin
STSG overlay is an ideal, minimally invasive procedure in
case of joint contractures, delivering in most cases superior
or comparable results to complicated skin or fasciocutaneous
flaps without the associated donor site morbidity.
Hereby, we present cases in which we have used this
implant during the surgery of acute burns as well as in the
treatment of postburn scar contractures. In our survey, we
have collected data on our patients with full-thickness burns
and scar contractures and assessed scar qualities compared to
that of their neighboring similarly treated but nonimplanted
burn scars. A total of 15 dermal replacement sites and 15
control sites were evaluated and compared. The applied VBSI
results confirmed our hypothesis, namely, the implantation
of acellular dermal implant makes a considerable impact on
the quality of the resulting scar, by making it softer and
more elastic than the surrounding tissue receiving no dermal
implant.
A major advantage of the technique is the reduction of
donor-site morbidity (Figure 2) due to the application of
very thin autologous skin required.
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Acne has a prevalence of over 90% among adolescents and persists into adulthood in approximately 12%–14% of cases with
psychological and social implications. Possible outcomes of the inflammatory acne lesions are acne scars which, although they can
be treated in a number of ways, may have a negative psychological impact on social life and relationships. The main types of acne
scars are atrophic and hypertrophic scars. The pathogenesis of acne scarring is still not fully understood, but several hypotheses
have been proposed. There are numerous treatments: chemical peels, dermabrasion/microdermabrasion, laser treatment, punch
techniques, dermal grafting, needling and combined therapies for atrophic scars: silicone gels, intralesional steroid therapy,
cryotherapy, and surgery for hypertrophic and keloidal lesions. This paper summarizes acne scar pathogenesis, classification and
treatment options.

1. Introduction
Acne has a prevalence of over 90% among adolescents [1]
and persists into adulthood in approximately 12%–14%
of cases with psychological and social implications of high
gravity [2, 3].
All body areas with high concentrations of pilosebaceous
glands are involved, but in particular the face, back and chest.
Inflammatory acne lesions can result in permanent scars,
the severity of which may depend on delays in treating acne
patients. The prevalence and severity of acne scarring in the
population has not been well studied, although the available
literature is usually correlated to the severity of acne [4].
2133 volunteers aged 18 to 70 from the general population
showed that nearly 1% of people had acne scars, although
only 1 in 7 of these were considered to have “disfiguring
scars” [5]. Severe scarring caused by acne is associated with
substantial physical and psychological distress, particularly in
adolescents.

2. Pathogenesis
The pathogenesis of acne is currently attributed to multiple
factors, such as increased sebum production, alteration of

the quality of sebum lipids, androgen activity, proliferation
of Propionibacterium acnes (P. acnes) within the follicle and
follicular hyperkeratinization [6]. Increased sebum excretion
contributes to the development of acne. Neutral and polar
lipids produced by sebaceous glands serve a variety of roles in
signal transduction and are involved in biological pathways
[7]. Additionally, fatty acids act as ligands of nuclear
receptors such as PPARs. Sebaceous gland lipids exhibit
direct pro- and anti-inflammatory properties, whereas the
induction of 5-lipoxygenase and cyclooxygenase-2 pathways
in sebocytes leads to the production of proinflammatory
lipids [8]. Furthermore, hormones like androgens control
sebaceous gland size and sebum secretion. In cell culture,
androgens only promote sebocyte proliferation, whereas
PPAR ligands are required for the induction of diﬀerentiation
and lipogenic activity [9]. On the other hand, keratinocytes
and sebocytes may be activated by P. acnes via TLR, CD14,
and CD1 molecules [10]. Pilosebaceous follicles in acne
lesions are surrounded by macrophages expressing TLR2
on their surface. TLR2 activation leads to a triggering of
the transcription nuclear factor and thus the production of
cytokines/chemokines, phenomena observed in acne lesions.
Furthermore, P. acnes induces IL-8 and IL-12 release from
TLR2 positive monocytes [11].
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All these events stimulate the infrainfundibular inflammatory process, follicular rupture, and perifollicular abscess
formation, which stimulate the wound healing process.
Injury to the skin initiates a cascade of wound healing events.
Wound healing is one of the most complex biological process
and involves soluble chemical mediators, extracellular matrix
components, parenchymal resident cells as keratinocytes,
fibroblasts, endothelial cells, nerve cells, and infiltrating
blood cells like lymphocytes, monocytes, and neutrophils,
collectively known as immunoinflammatory cells. Scars
originate in the site of tissue injury and may be atrophic or
hypertrophic. The wound healing process progresses through
3 stages: (1) inflammation, (2) granulation tissue formation,
and (3) matrix remodeling [12, 13].
(1) Inflammation. Blanching occurs secondary to vasoconstriction for hemostasis. After the blood flow
has been stopped, vasodilatation and resultant erythema replace vasoconstriction. Melanogenesis may
also be stimulated. This step plays an important
role in the development of postacne erythema
and hyperpigmentation. A variety of blood cells,
including granulocytes, macrophages, neutrophils
lymphocytes, fibroblasts, and platelets, are activated
and release inflammatory mediators, which ready
the site for granulation tissue formation [14]. By
examining biopsy specimens of acne lesions from the
back of patients with severe scars and without scars,
Holland et al. found that the inflammatory reaction
at the pilosebaceous gland was stronger and had a
longer duration in patients with scars versus those
without; in addition, the inflammatory reaction was
slower in those with scars versus patients who did
not develop scars. They showed a strong relationship
between severity and duration of inflammation and
the development of scarring, suggesting that treating
early inflammation in acne lesions may be the best
approach to prevent acne scarring [15].
(2) Granulation Tissue Formation. Damaged tissues are
repaired and new capillaries are formed. Neutrophils are replaced by monocytes that change
into macrophages and release several growth factors
including platelet-derived growth factor, fibroblast
growth factor, and transforming growth factors α and
β, which stimulate the migration and proliferation
of fibroblasts [16]. New production of collagen by
fibroblasts begins approximately 3 to 5 days after the
wound is created. Early on, the new skin composition
is dominated by type III collagen, with a small
percentage (20%) of type I collagen. However, the
balance of collagen types shifts in mature scars
to be similar to that of unwounded skin, with
approximately 80% of type I collagen [17].
(3) Matrix Remodelling. Fibroblasts and keratinocytes
produce enzymes including those that determine the
architecture of the extracellular matrix metalloproteinases (MMPs) and tissue inhibitors of MMPs.
MMPs are extracellular matrix (ECM) degrading
enzymes that interact and form a lytic cascade
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Figure 1: Acne scars subtypes.

Figure 2: Icepick scars.

for ECM remodeling [18]. As a consequence, an
imbalance in the ratio of MMPs to tissue inhibitors
of MMPs results in the development of atrophic
or hypertrophic scars. Inadequate response results
in diminished deposition of collagen factors and
formation of an atrophic scar while, if the healing
response is too exuberant, a raised nodule of fibrotic
tissue forms hypertrophic scars [19].

3. Morphology, Histology, and Classification
Scarring can occur as a result of damage to the skin during
the healing of active acne. There are two basic types of scar
depending on whether there is a net loss or gain of collagen
(atrophic and hypertrophic scars). Eighty to ninety percent
of people with acne scars have scars associated with a loss of
collagen (atrophic scars) compared to a minority who show
hypertrophic scars and keloids.
3.1. Atrophic Scars. Atrophic acne scars are more common
than keloids and hypertrophic scars with a ratio 3 : 1. They
have been subclassified into ice pick, boxcar, and rolling scars
(Figure 1 and Table 1). With atrophic scars, the ice pick type
represents 60%–70% of total scars, the boxcar 20%–30%,
and rolling scars 15%–25% [20].
Icepick: narrow (2 mm), punctiform, and deep scars are
known as icepick scars. With this type of scar, the opening
is typically wider than the deeper infundibulum (forming a
“V” shape) (Figure 2).
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Table 1: Acne scar morphological classification (adapted from [20]).
Acne Scars Subtype
Icepick
Rolling
Boxcar
Shallow
<3 mm diameter
>3 mm diameter
Deep
<3 mm diameter
>3 mm diameter

Clinical Features
Icepick scars are narrow (<2 mm), deep, sharply marginated epithelial tracts that extend vertically
to the deep dermis or subcutaneous tissue.
Rolling scars occur from dermal tethering of otherwise relatively normal-appearing skin and are
usually wider than 4 to 5 mm. Abnormal fibrous anchoring of the dermis to the subcutis leads to
superficial shadowing and a rolling or undulating appearance to the overlying skin.
Boxcar scars are round to oval depressions with sharply demarcated vertical edges, similar to
varicella scars. They are clinically wider at the surface than icepick scars and do not taper to a
point at the base.
They may be shallow (0.1–0.5 mm) or deep (≥0.5 mm) and are most often 1.5 to 4.0 mm in
diameter.

Figure 3: Boxcar scars.

Rolling: dermal tethering of the dermis to the subcutis
characterizes rolling scars, which are usually wider than 4 to
5 mm. These scars give a rolling or undulating appearance to
the skin (“M” shape). Boxcar: round or oval scars with wellestablished vertical edges are known as boxcar scars. These
scars tend to be wider at the surface than an icepick scar
and do not have the tapering V shape. Instead, they can be
visualized as a “U” shape with a wide base. Boxcar scars can
be shallow or deep (Figure 3).
Sometimes the 3 diﬀerent types of atrophic scars can
be observed in the same patients and it can be very
diﬃcult to diﬀerentiate between them. For this reason
several classifications and scales have been proposed by other
authors. Goodman and Baron proposed a qualitative scale
and then presented a quantitative scale [21, 22]. Dreno et
al. introduced the ECCA scale (Echelle d’Evaluation Clinique
des Cicatrices d’Acné) [23].
The qualitative scarring grading system proposed by
Goodman and Baron [9] is simple and universally applicable.
According to this classification, four diﬀerent grades can be
used to identify an acne scar, as shown in Table 2. Often
(especially in those aﬀected with mild acne) the pattern and
grading is easy to achieve but, in the observation of severe
cases, diﬀerent patterns are simultaneously present and may
be diﬃcult to diﬀerentiate. The standard approach adopted
by Goodman and Baron describes a grading pattern and
they developed a quantitative global acne scarring assessment

tool [22] based on the type of scar and the number of
scars. This system assigns fewer points to macular and mild
atrophic scores than to moderate and severe atrophic scores
(macular or mildly atrophic: 1 point; moderately atrophic: 2
points; punched out or linear-troughed severe scars: 3 points;
hyperplastic papular scars: 4 points). The multiplication
factor for these lesion types is based on the numerical range
whereby, for one to ten scars, the multiplier is 1; for 11–20 it
is 2; for more than 20 it is 3.
The ECCA (Echelle d’Evaluation clinique des Cicatrices
d’acné) for facial acne scarring is also a quantitative scale,
designed for use in clinical practice with the aim of
standardizing discussion on scar treatment and it is based
on the sum of individual types of scars and their numerical
extent. Scar types considered to be more visibly disfiguring
were weighted more heavily. Specific scar types and their
associated weighting factors were the following: atrophic
scars with diameter less than 2 mm: 15; U-shaped atrophic
scars with a diameter of 2–4 mm: 20; M-shaped atrophic
scars with diameter greater than 4 mm: 25; superficial elastolysis: 30; hypertrophic scars with a less than 2-year duration:
40; hypertrophic scars of greater than 2-year duration: 50.
A semiquantitative assessment of the number of each of
these scar types was then determined with a four-point scale,
in which 0 indicates no scars, 1 indicates less than five
scars, 2 indicates between five and 20 scars, and 3 indicates
more than 20 scars. With this method, the relative extent of
scarring for each scar type was calculated. The total score
can vary from 0 to 540. In recent studies on the reliability
of this scale, seven dermatologists underwent a 30-min
training session prior to the evaluation of ten acne patients.
There was no statistical diﬀerence in score grading between
participating dermatologists. The global scores, however,
varied from a minimum of 15 to a maximum of 145.
Unfortunately, a statistical estimate of reliability within and
between raters was not provided. The potential advantages
of this system include independent accounting of specific
scar types, thereby providing for separate atrophic and
hypertrophic subscores in addition to total scores. Potential
shortcomings include restriction to facial involvement, time
intensity, and undetermined clinical relevance of score ranges
[21].

4

Dermatology Research and Practice
Table 2: Qualitative scarring grading system (adapted from [21]).

Grades of Post
Acne Scarring

Level of disease

1

Macular

2

Mild

3

Moderate

4

Severe

Clinical features
These scars can be erythematous, hyper- or hypopigmented flat marks.
They do not represent a problem of contour like other scar grades but of
color.
Mild atrophy or hypertrophy scars that may not be obvious at social
distances of 50 cm or greater and may be covered adequately by makeup or
the normal shadow of shaved beard hair in men or normal body hair if
extrafacial.
Moderate atrophic or hypertrophic scarring that is obvious at social
distances of 50 cm or greater and is not covered easily by makeup or the
normal shadow of shaved beard hair in men or body hair if extrafacial, but
is still able to be flattened by manual stretching of the skin (if atrophic).
Severe atrophic or hypertrophic scarring that is evident at social distances
greater than 50 cm and is not covered easily by makeup or the normal
shadow of shaved beard hair in men or body hair if extrafacial and is not
able to be flattened by manual stretching of the skin.

3.2. Hypertrophic and Keloidal Scars. Hypertrophic and
keloidal scars are associated with excess collagen deposition and decreased collagenase activity. Hypertrophic scars
are typically pink, raised, and firm, with thick hyalinized
collagen bundles that remain within the borders of the
original site of injury. The histology of hypertrophic scars
is similar to that of other dermal scars. In contrast, keloids
form as reddish-purple papules and nodules that proliferate
beyond the borders of the original wound; histologically,
they are characterized by thick bundles of hyalinized acellular
collagen arranged in whorls. Hypertrophic and keloidal scars
are more common in darker-skinned individuals and occur
predominantly on the trunk.

scars are the major clinical indications for facial chemical
peeling [26, 27].
As regards acne scars, the best results are achieved in
macular scars. Icepick and rolling scars cannot disappear
completely and need sequential peelings together with homecare treatment with topical retinoids and alpha hydroxy acids
[28, 29]. The level of improvement expected is extremely
variable in diﬀerent diseases and patients. For example, ice
pick acne scars in a patient with hyperkeratotic skin are only
mildly improved even if skin texture is remodeled. On the
other hand, a patient with isolated box scars can obtain a
significant improvement by application of TCA at 50%–90%
on the single scars.
Several hydroxy acids can be used.

4. Treatment

(A) Glycolic Acid. Glycolic acid is an alpha-hydroxy acid,
soluble in alcohol, derived from fruit and milk sugars. Glycolic acid acts by thinning the stratum corneum, promoting
epidermolysis and dispersing basal layer melanin. It increases
dermal hyaluronic acid and collagen gene expression by
increasing secretion of IL-6 [30]. The procedure is well tolerated and patient compliance is excellent, but glycolic acid
peels are contraindicated in contact dermatitis, pregnancy,
and in patients with glycolate hypersensitivity. Side eﬀects,
such as temporary hyperpigmentation or irritation, are not
very significant [31]. Some studies showed that the level of
skin damage with glycolic acid peel increases in a dose- and
time-dependent manner. The acid at the higher concentration (70%) created more tissue damage than the acid at the
lower concentration (50%) compared to solutions with free
acid. An increase in the transmembrane permeability coeﬃcient is observed with a decrease in pH, providing a possible
explanation for the eﬀectiveness of glycolic acid in skin treatment [32]. The best results achieved for acne scars regard five
sequential sessions of 70% glycolic acid every 2 weeks.

New acquisitions by the literature have showed that prevention is the main step in avoiding the appearance of post-acne
scars. Genetic factors and the capacity to respond to trauma
are the main factors influencing scar formation [24]. A
number of treatments are available to reduce the appearance
of scars. First, it is important to reduce as far as possible the
duration and intensity of the inflammation, thus stressing
the importance of the acne treatment. The use of topical
retinoids is useful in the prevention of acne scars but more
than any other measure, the use of silicone gel has a proven
eﬃcacy in the prevention of scars, especially for hypertrophic
scars and keloids.
4.1. Atrophic Scars
4.1.1. Chemical Peels. By chemical peeling we mean the
process of applying chemicals to the skin to destroy the outer
damaged layers and accelerate the repair process [25].
Chemical peeling is used for the reversal of signs of skin
aging and for the treatment of skin lesions as well as scars,
particularly acne scars. Dyschromias, wrinkles, and acne

(B) Jessner’s Solution. Formulated by Dr. Max Jessner, this
combination of salicylic acid, resorcinol, and lactic acid

Dermatology Research and Practice
in 95% ethanol is an excellent superficial peeling agent.
Resorcinol is structurally and chemically similar to phenol. It
disrupts the weak hydrogen bonds of keratin and enhancespenetration of other agents [33]. Lactic acid is an alpha
hydroxy acid which causes corneocyte detachment and
subsequent desquamation of the stratum corneum [34].
As with other superficial peeling agents, Jessner’s peels
are well tolerated. General contraindications include active
inflammation, dermatitis or infection of the area to be
treated, isotretinoin therapy within 6 months of peeling
and delayed or abnormal wound healing. Allergic contact
dermatitis and systemic allergic reactions to resorcinol are
rare and need to be considered as absolute contraindications
[35, 36].
(C) Pyruvic Acid. Pyruvic acid is an alpha-ketoacid and
an eﬀective peeling agent [37]. It presents keratolytic,
antimicrobial and sebostatic properties as well as the ability
to stimulate new collagen production and the formation of
elastic fibers [38]. The use of 40%–70% pyruvic acid has
been proposed for the treatment of moderate acne scars
[39, 40]. Side eﬀects include desquamation, crusting in areas
of thinner skin, intense stinging, and a burning sensation
during treatment. Pyruvic acid has stinging and irritating
vapors for the upper respiratory mucosa, and it is advisable
to ensure adequate ventilation during application.
(D) Salicylic Acid. Salicylic acid is one of the best peeling
agents for the treatment of acne scars [41]. It is a beta hydroxy
acid agent which removes intercellular lipids that are covalently linked to the cornified envelope surrounding cornified
epithelioid cells. The most eﬃcacious concentration for acne
scars is 30% in multiple sessions, 3–5 times, every 3-4 weeks
[42–44]. The side eﬀects of salicylic acid peeling are mild and
transient. These include erythema and dryness. Persistent
postinflammatory hyperpigmentation or scarring are very
rare and for this reason it is used to treat dark skin [45].
Rapid breathing, tinnitus, hearing loss, dizziness, abdominal
cramps, and central nervous system symptoms characterize
salicylism or salicylic acid toxicity. This has been observed
with 20% salicylic acid applied to 50% of the body surface
[46]. Grimes has peeled more than 1,000 patients with the
current 20 and 30% marketed ethanol formulations and has
observed no cases of salicylism [47].
(E) Trichloroacetic Acid. The use of trichloroacetic acid
(TCA) as a peeling agent was first described by P.G. Unna, a
German dermatologist, in 1882. TCA application to the skin
causes protein denaturation, the so-called keratocoagulation,
resulting in a readily observed white frost [48]. For the
purposes of chemical peeling, it is mixed with 100 mL
of distilled water to create the desired concentration. The
degree of tissue penetration and injury by a TCA solution
is dependent on several factors, including percentage of
TCA used, anatomic site, and skin preparation. Selection
of appropriate TCA-concentrated solutions is critical when
performing a peel. TCA in a percentage of 10%–20% results
in a very light superficial peel with no penetration below the
stratum granulosum; a concentration of 25%–35% produces
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a light superficial peel with diﬀusion encompassing the full
thickness of the epidermis; 40%–50% can produce injury to
the papillary dermis; and finally, greater than 50% results
in injury extending to the reticular dermis. Unfortunately
the use of TCA concentrations above 35% TCA can produce
unpredictable results such as scarring. Consequently, the
medium depth chemical peel should only be obtained with
the combination of 35% TCA. The use of TCA in concentrations greater than 35%, should be avoided. It can be
preferred in some cases of isolated lesions or for treatment of
isolated icepick scars (TCA CROSS) [49]. When performed
properly, peeling with TCA can be one of the most satisfying
procedures in acne scar treatment but it is not indicated
for dark skin because of the high risk of hyperpigmentation
[50].
(F) TCA Cross. In our experience the TCA CROSS technique
has shown high eﬃcacy in the case of few isolated scars
on healthy skin. CROSS stands for chemical reconstruction
of skin scars method and involves local serial application
of high concentration TCA to skin scars with wooden
applicators sized via a number 10 blade to a dull point to
approximate the shape of the scar. No local anesthesia or
sedation is needed to perform this technique [51]. Unlike
the reports found in the literature, in which 90% TCA is
suggested, our experiences have shown that a lower TCA
concentration (50%) has similar results and much less
adverse reactions [52]. TCA is applied for a few seconds
until the scar displays a white frosting. Emollients then needs
to be prescribed for the following 7 days and high photoprotection is required. The procedure should be repeated at
4-week intervals, and each patient receives a total of three
treatments. Our experiences have shown that, compared
with other procedures, this technique can avoid scarring
and reduce the risk of hypopigmentation by sparing the
adjacent normal skin and adnexal structures [53] (Figures 4
and 5).
4.1.2.
Dermabrasion/Microdermabrasion. Dermabrasion
and microdermabrasion are facial resurfacing techniques
that mechanically ablate damaged skin in order to promote
reepithelialisation. Although the act of physical abrasion of
the skin is common to both procedures, dermabrasion, and
microdermabrasion employ diﬀerent instruments with a
diﬀerent technical execution [54]. Dermabrasion completely
removes the epidermis and penetrates to the level of the
papillary or reticular dermis, inducing remodeling of the
skin’s structural proteins. Microdermabrasion, a more
superficial variation of dermabrasion, only removes the
outer layer of the epidermis, accelerating the natural process
of exfoliation [55, 56]. Both techniques are particularly
eﬀective in the treatment of scars and produce clinically
significant improvements in skin appearance. Dermabrasion
is performed under local or general anaesthesia. A motorized
hand piece rotates a wire brush or a diamond fraise. Several
decades ago, the hand piece was made of aluminum oxide or
sodium bicarbonate crystals, whereas now diamond tips have
replaced these hand pieces to increase accuracy and decrease
irritation. There is often a small pinpoint bleeding of the raw
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Figure 4: TCA Cross: patient before the treatment.

Figure 5: TCA Cross: patient after the treatment.

wound that subsides with appropriate wound care. Patients
with darker skin may experience permanent skin discoloration or blotchiness. As regards the technique of microdermabrasion, a variety of microdermabraders are available. All
microdermabraders include a pump that generates a stream
of aluminum oxide or salt crystals with a hand piece and
vacuum to remove the crystals and exfoliate the skin [57].
Unlike dermabrasion, microdermabrasion can be repeated
at short intervals, is painless, does not require anesthesia
and is associated with less severe and rare complications,
but it also has a lesser eﬀect and does not treat deep scars
[58, 59].
It is essential to conduct a thorough investigation of the
patient’s pharmacological history to ensure that the patient
has not taken isotretinoin in the previous 6–12 months.
As noted by some studies [60], the use of tretinoin causes
delayed reepithelialization and development of hypertrophic
scars.
4.1.3. Laser Treatment. All patients with box-car scars
(superficial or deep) or rolling scars are candidates for laser
treatment. Diﬀerent types of laser, including the nonablative
and ablative lasers are very useful in treating acne scars.
Ablative lasers achieve removal of the damaged scar tissue
through melting, evaporation, or vaporization. Carbon
dioxide laser and Erbium YAG laser are the most commonly
used ablative lasers for the treatment of acne scars. These
abrade the surface and also help tighten the collagen fibers

beneath. Nonablative lasers do not remove the tissue, but
stimulate new collagen formation and cause tightening of
the skin resulting in the scar being raised to the surface.
Among the nonablative lasers the most commonly used are
the NdYAG and Diode lasers [61].
The ablative lasers are technologies with a high selectivity
for water. Therefore, their action takes place mainly on the
surface but the depth of action is certainly to be correlated to
the intensity of the emitted energy and the diameter of the
spot used. Among the ablative lasers, Erbium technologies
are so selective for water that their action is almost exclusively
ablative. CO2 lasers, which present lower selectivity for water,
besides causing ablation are also capable of determining
a denaturation in the tissues surrounding the ablation
and a thermal stimulus not coagulated for dermal protein.
CO2 lasers have a double eﬀect: they promote the wound
healing process and arouse an amplified production of
myofibroblasts and matrix proteins such as hyaluronic acid
[62].
Clinical and histopathologic studies have previously
demonstrated the eﬃcacy of CO2 laser resurfacing in the
improvement of facial atrophic acne scars, with a 50%–
80% improvement typically seen. The diﬀerences in results
reported with apparently similar laser techniques may be
due to variations in the types of scar treated. Candidates
must present a skin disease with acne oﬀ for at least 1 year;
they should have stopped taking oral isotretinoin for at least
1 year; they should not have presented skin infections by
herpes virus during the six months prior to treatment; they
must not have a history of keloids or hypertrophic scarring.
Patients with a high skin type phototype are exposed to
a higher risk of hyperpigmentation after treatment than
patients with low phototype.
All ablative lasers showed high risk of complications
and side eﬀects. Adverse reactions to the first generation of
ablative lasers can be classified into short-term (bacterial,
herpetic or fungal infections) and long-term (persistent erythema, hyperpigmentation, scarring) [63, 64]. In particular,
scarring after CO2 laser therapy may be due to the over
treatment of the areas (including excessive energy, density,
or both), lack of technical aspects, infection, or idiopathic. It
is necessary to take into account these aspects when sensitive
areas such as the eyelids, upper neck, and especially the lower
neck and chest are treated [65, 66].
Nonablative skin remodeling systems have become
increasingly popular for the treatment of facial rhytides
and acne scars because they decrease the risk of side
eﬀects and the need for postoperative care. Nonablative
technology using long-pulse infrared (1.450 nm diode, 1320
and 1064 nm neodymium-doped yttrium aluminum garnet
(Nd:YAG), and 1540 nm erbium glass) was developed as
a safe alternative to ablative technology for inducing a
controlled thermal injury to the dermis, with subsequent
neocollagenesis and remodeling of scarred skin [67–72].
Although improvement was noted with these nonablative
lasers, the results obtained were not as impressive as the
results from those using laser resurfacing [71].
For this reason, a new concept in skin laser therapy,
called fractional photothermolysis, has been designed to
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create microscopic thermal wounds to achieve homogeneous
thermal damage at a particular depth within the skin,
a method that diﬀers from chemical peeling and laser
resurfacing. Prior studies using fractional photothermolysis
have demonstrated its eﬀectiveness in the treatment of acne
scars [73] with particular attention for dark skin to avoid
postinflammatory hyperpigmentation [74].
Newer modalities using the principles of fractional
photothermolysis devices (FP) to create patterns of tiny
microscopic wounds surrounded by undamaged tissues are
new devices that are preferred for these treatments. These
devices produce more modest results in many cases than
traditional carbon dioxide lasers but have few side eﬀects
and short recovery periods [75]. Many fractional lasers
are available with diﬀerent types of source. A great deal
of experience with nonablative 1550 nm erbium doped
fractional photothermolysis has shown that the system can
be widely used for clinical purposes.
An ablative 30 W CO2 laser device uses ablative fractional
resurfacing (AFR) and combines CO2 ablation with an FP
system. By depositing a pixilated pattern of microscopic
ablative wounds surrounded by healthy tissue in a manner
similar to that of FP [76], AFR combines the increased
eﬃcacy of ablative techniques with the safety and reduced
downtime associated with FP.
Topographic analysis performed by some authors has
shown that the depth of acneiform scars has quantifiable
objective improvement ranging from 43% to 80% with
a mean level of 66.8% [77]. The diﬀerent experiences
of numerous authors in this field have shown that, by
combining ablative technology with FP, AFR treatments constitute a safe and eﬀective treatment modality for acneiform
scarring. Compared to conventional ablative CO2 devices
the side eﬀects profile is greatly improved and, as with
FP, rapid reepithelization from surrounding undamaged
tissue is believed to be responsible for the comparatively
rapid recovery and reduced downtime noted with AFR
[78–80].
Pigmentation abnormalities following laser treatment is
always a concern. Alster and West reported 36% incidence
of hyperpigmentation when using conventional CO2 resurfacing compared to a minority of patients treated with AFR
treatments, probably linked to shortened period of recovery
and posttreatment erythema [81]. The treatment strategy
is linked to establishing the optimal energy, the interval
between sessions, and a longer follow-up period to optimize
treatment parameters.
4.1.4. Punch Techniques. Atrophic scarring is the more
common type of scarring encountered after acne. Autologous
and nonautologous tissue augmentation, and the use of
punch replacement techniques has added more precision and
eﬃcacy to the treatment of these scars [82].
The laser punch-out method is better than even depth
resurfacing for improving deep acne scars and can be combined with the shoulder technique or even depth resurfacing
according to the type of acne scar [83].
Laser skin resurfacing with the concurrent use of punch
excision improves facial acne scarring [84].
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4.1.5. Dermal Grafting. Acne scars may be treated surgically
using procedures such as dermabrasion and/or simple scar
excision, scar punch elevation, or punch grafting [85].
The useful modalities available are dermal punch grafting, excision, and facelifting. The selection of these techniques is dependent on the above classification and the
patient’s desire for improvement [86].
Split-thickness or full-thickness grafts “take” on a bed of
scar tissue or dermis following the removal of the epidermis.
The technique is useful in repairing unstable scars from
chronic leg ulcers or X-ray scars. It can also camouflage acne
scars, extensive nevi pigmentosus, and tattoos [87, 88]. It is
prepackaged dermal graft material that is easy to use, safe,
and eﬀective [89].
4.1.6. Tissue Augmenting Agents. Fat transplantation. Fat is
easily available and it has low incidence of side eﬀects [90].
The technique consists of two phases: procurement of the
graft and placement of the graft. The injection phase with
small parcels of fat implanted in multiple tunnels allows the
fat graft maximal access to its available bloody supply. The fat
injected will normalize the contour excepted where residual
scar attachments impede this.
4.1.7. Other Tissue Augmenting Agents. There are many
new and older autologous, nonautologous biologic, and
nonbiologic tissue augmentation agents that have been used
in the past for atrophic scars, such as autologous collagen,
bovine collagen, isolagen, alloderm, hyaluronic acid, fibrel,
artecoll, and silicon, but nowadays, because of the high
incidence of side eﬀects, the recommended material to use
is hyaluronic acid [91].
4.1.8. Needling. Skin needling is a recently proposed technique that involves using a sterile roller comprised of a
series of fine, sharp needles to puncture the skin. At first,
facial skin must be disinfected, then a topical anesthetic is
applied, left for 60 minutes. The skin needling procedure is
achieved by rolling a performed tool on the cutaneous areas
aﬀected by acne scars (Figure 6), backward and forward with
some pressure in various directions. The needles penetrate
about 1.5 to 2 mm into the dermis. As expected, the skin
bleeds for a short time, but that soon stops. The skin
develops multiple microbruises in the dermis that initiate
the complex cascade of growth factors that finally results
in collagen production. Histology shows thickening of skin
and a dramatic increase in new collagen and elastin fibers.
Results generally start to be seen after about 6 weeks but
the full eﬀects can take at least three months to occur and,
as the deposition of new collagen takes place slowly, the
skin texture will continue to improve over a 12 month
period. Clinical results vary between patients, but all patients
achieve some improvements (Figures 7 and 8). The number
of treatments required varies depending on the individual
collagen response, on the condition of the tissue and on the
desired results. Most patients require around 3 treatments
approximately 4 weeks apart. Skin needling can be safely
performed on all skin colours and types: there is a lower
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Figure 6: Needling: the procedure.
Figure 8: Needling: patient after the treatment.

4.2. Hypertrophic Scars

Figure 7: Needling: patient before the treatment.

risk of postinflammatory hyperpigmentation than other
procedures, such as dermabrasion, chemical peelings, and
laser resurfacing. Skin needling is contraindicated in the
presence of anticoagulant therapies, active skin infections,
collagen injections, and other injectable fillers in the previous
six months, personal or familiar history of hypertrophic and
keloidal scars [92, 93].
4.1.9. Combined Therapy. There is a new combination
therapy for the treatment of acne scars. The first therapy
consists of peeling with trichloroacetic acid, then followed
by subcision, the process by which there is separation of the
acne scar from the underlying skin and in the end fractional
laser irradiation. The eﬃcacy and safety of this method was
investigated for the treatment of acne scars. The duration
of this therapy is 12 months. Dot peeling and subcision
were performed twice 2-3 months apart and fractional laser
irradiation was performed every 3-4 weeks. There were no
significant complications at the treatment sites. It would
appear that triple combination therapy is a safe and very
eﬀective combination treatment modality for a variety of
atrophic acne scars [94].

4.2.1. Silicone Gel. Silicone-based products represent one of
the most common and eﬀective solutions in preventing and
also in the treatment of hypertrophic acne scars. The silicone
gel was introduced in the treatment of hypertrophic acne
scars to overcome the diﬃculties in the management of silicone sheets. Indeed, the silicone gel has several advantages:
it is transparent, quick drying, nonirritating and does not
induce skin maceration, it can be used to treat extensive
scars and uneven areas of skin. The mechanism of action is
not fully understood but several hypotheses [95] have been
advanced: (1) the increase in hydration; (2) the increase in
temperature; (3) protection of the scar; (4) increased tension
of O2; (5) action on the immune system. There is, currently,
only one observational open label study, conducted on 57
patients. In this study, the gel was applied on the scars 2
times daily for 8 weeks with an average improvement in
the thickness estimated between 40% and 50% compared to
baseline.
As regards the treatment of already formed hypertrophic
scars, the gel should be applied in small amounts, twice daily
for at least 8 weeks to achieve a satisfactory aesthetic result.
Whereas for the purposes of prevention, the same dosage is
recommended for at least 12–16 weeks; the treatment should
be started as soon as possible after the risk of a patient
developing hypertrophic acne scars has been identified.
Treatment with silicone gel can be used in patients of any
age and women of childbearing age. Moreover, the silicone
gel can be used throughout the year, including summer.
4.2.2. Intralesional Steroid Therapy. Intralesional injection
of steroids is one of the most common treatments for
keloids and hypertrophic scars. It can be used alone or
as part of multiple therapeutic approaches. Corticosteroids
may reduce the volume, thickness, and texture of scars, and
they can relieve symptoms such as itching and discomfort
[96]. The mechanisms of action have not been completely
clarified: in addition to their anti-inflammatory properties,
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it has been suggested that steroids exert a vasoconstrictor
and an antimitotic activity. It is believed that steroids
arrest pathological collagen production through two distinct
mechanisms: the reduction of oxygen and nutrients to the
scar with inhibition of the proliferation of keratinocytes
and fibroblasts [96]; the stimulation of digestion of collagen
deposition through block of a collagenase-inhibitor, the
alpha-2-microglobulin [97]. During the injection the syringe
needle should be kept upright [24]. It is always preferable for
the injections to be preceded by the application of anesthetic
creams or be associated with injections of lidocaine [97].
Intralesional steroid therapy may be preceded by a light
cryotherapy with liquid nitrogen, 10–15 minutes before
injection, to improve the dispersion of the drug in scar
tissue and minimize the deposition in the subcutaneous and
perilesional tissue [98]. The steroid that is currently most
frequently used in the treatment of hypertrophic scars and
keloids is triamcinolone acetonide (10–40 mg/mL) [99]. The
most common adverse reactions are hypopigmentation, skin
atrophy, telangiectasia, and infections [100]. As for injuries
to the face, the use of intralesional steroids is recommended
for the treatment of individual elements which are
particularly bulky and refractory to previous less invasive
methods.

had only variable success in the past due to the minimal
improvement in a high percent of patients [106–108].
On the contrary, the use of pulsed dye laser (PDL) has
provided encouraging results in the treatment of hypertrophic/keloidal scars over the past 10 years. Several studies
have been conducted to investigate how the PDL works on
hypertrophic/keloidal scars. They have revealed that PDL
decreases the number and proliferation of fibroblasts and
collagen fibers appear looser and less coarse [109]. Moreover,
PDL also produces an increase in MMP-I3 (collagenese3) activity and a decrease in collagen type III deposition
[110]. As a consequence, PDL flattens and decreases the
volume of hypertrophic scars [111, 112], improves texture
[113], and increases elasticity [114], usually after two to three
treatments [115]. Additionally, pruritis and pain within the
scars are significantly improved [116]. Besides, no recurrence
or worsening of PDL-treated scars occurs during the 4year followup after cessation of treatment [116]. The most
common side eﬀect of the PDL is purpura which can last
as long as 7–10 days. Blistering can also occur as well as
hypo- and hyperpigmentation which is more likely in darker
skinned individuals [117]. Therefore, the ideal candidates
for PDL are patients with lighter skin types (Fitzpatrick
Types I–III) because less melanin is present to compete with
hemoglobin laser energy absorption [118, 119].

4.2.3. Cryotherapy. Cryotherapy with liquid nitrogen can
significantly improve the clinical appearance of hypertrophic
scars and keloids and also determine their complete regression.
The low temperatures reached during cryotherapy sessions cause a slowing of blood flow and cause the formation
of intraluminal thrombus hesitant to anoxia and tissue
necrosis [101]. Age and size of the scar are important factors
conditioning the outcome of this technique: younger and
smaller scars are most responsive to cryotherapy [102].
Compared with intralesional injections of corticosteroids,
cryosurgery is significantly more eﬀective than alternative
methods for richly vascularized injuries 12 months younger
[103]. During each session of cryotherapy the patient is
usually subjected to 2-3 cycles, each lasting less than 25
seconds. Cryotherapy can also be used before each cycle
of intralesional injections of steroids to reduce the pain of
injection therapy and to facilitate the injection of cortisone,
generating a small area of edema at the level of the scar tissue
to be treated [98]. Possible adverse reactions are represented
by hypo- and hyperpigmentation, skin atrophy, and pain
[102]. With regard to localized lesions to the face, the
possible outcomes of freezing restrict the use of cryotherapy
in these areas, especially in cases where the scars are
numerous or for dark phenotypes. Therefore, cryotherapy
can be taken into consideration especially for scars located
on the trunk or for particularly bulky scars on the face.

4.2.5. Surgery. For the correction of large facial scars, Wplasty seems to be optimal [12]. This therapeutic procedure
causes a disruption of the scar which makes the lesion
less conspicuous. Especially in facial surgery, autologous
skin transplants, namely, full thickness skin transplant or
composite fat-skin graft, are another valuable alternative
for achieving wound closure with minimal tension. The
preferred donor sites for skin graft used for facial defects are
the retro- and preauricular sites as well as the neck [120].

4.2.4. Pulsed Dye Laser. The use of lasers for hypertrophic
scars and keloids was first proposed by Apfelberg et al.
[104] and Castro et al. [105] in the 1980s, and since then
more lasers with various wavelengths have been introduced.
Unfortunately, laser therapy for hypertrophic scars has

4.2.6. Other Approaches. Other treatment options for hypertrophic acne scars and keloids that can be taken into
account include elastic compression, intralesional injection
of 5-fluorouracil, imiquimod, interferon, radiotherapy, and
bleomycin. All these approaches, however, are more eﬀective
for the treatment of hypertrophic scars not caused by acne
and their use is not recommended due to their impracticality
(elastic compression), the lack of clinical experience in the
literature (5 FU, interferon, radiotherapy, bleomycin) the
lack of eﬃcacy (imiquimod), and the high costs (interferon).

5. Conclusion
There are no general guidelines available to optimize acne
scar treatment. There are several multiple management
options, both medical and surgical, and laser devices are useful in obtaining significant improvement. Further primary
research such as randomized controlled trials is needed in
order to quantify the benefits and to establish the duration
of the eﬀects, the cost-eﬀective ratio of diﬀerent treatments,
and the evaluation of the psychological improvement and the
quality of life of these patients.
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