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Laser Treatment for
Improvement and
Minimization of
Facial Scars
Joseph F. Sobanko, MDa,*, Tina S. Alster, MDb

The psychosocial impact of cutaneous scarring can
be profound. Scars inflicted by traumatic incidents,
surgical procedures, and severe acne bear a heavy
emotional burden on patients, particularly when
present on visible areas such as the face.1–3 The
quality of life of patients may be affected from
aesthetic concerns in addition to chronic symptoms
such as pruritus and pain.4 In addition, substantial
anxiety and self-consciousness has been noted in
men and women when trauma or elective proce-
dures result in even nominal scarring.3,5 Cutaneous
injuries that result in scar tissue formation are

relatively common and lead patients to seek treat-
ment for cosmetic or functional improvement. It is
imperative for physicians to recognize that physical
improvement of scars can translate into improved
psychosocial well-being andbehavior of patients.6,7

Scars are the result of a deviation in the orderly
pattern of healing and can be caused by a variety
of factors, such as excessive wound tension,
improper surgical repair, delayed reepithelializa-
tion, or a history of radiation to the affected area.
The underlying pathophysiologic mechanism app-
ears to be an imbalance of matrix degradation and
collagen biosynthesis.8 An overzealous healing
response can create a raised nodule of fibrotic
tissue, whereas “pitted” and atrophic scars may
result from inadequate replacement of deleted
collagen fibers. Although vascular and pigment
alterations associated with wound healing are typi-
cally transient, the textural changes caused by
collagen disruption are often permanent. Histolog-
ically, what makes scars unique is the relative
absence of skin appendages and elastic fibers—
constituents of normal skin that may account for
the loss of flexibility seen in scar tissue.9

There are several currently available scar-
reducing therapies and many other agents that

Take-home points: Scar formation and revision

� An imbalance in wound-healing homeostasis
is at the epicenter of scar formation

� Scars, particularly facial scars, significantly
affect the lives of patients

� Physicians can improve the quality of
patients’ lives via scar revision

� Numerous scar treatments are available, but
lasers have proven to deliver the most repro-
ducibly good results
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may emerge to have the potential to eliminate
scarring.10–12 Some of the most commonly used
modalities to improve scar appearance include in-
tralesional corticosteroids, 5-fluorouracil, and ble-
omycin. It is likely that these agents exert their
effect on scars by suppressing inflammation and/
or collagen production.13–15 Combination therapy
is often advocated as a means of increasing effi-
cacy and decreasing total medication dosage,
thereby decreasing the likelihood of adverse
effects.16,17 Radiation therapy and surgical in-
tervention, particularly in combination with one
another, are sometimes used for refractory and
recurrent scars.18 Unfortunately, each of these
methods has been associated with unacceptably
high incidences of scar recurrence and other unto-
ward sequelae such as skin atrophy, dyspigmenta-
tion, and pain. Laser scar revision is a safe
procedure with clinically demonstrable efficacy
and minimal side effects that may be used in
combination with the aforementioned scar treat-
ments. The remainder of this article addresses the
use of lasers for the treatment of scars.

HISTORY OF LASER SCAR REVISION

Although laser surgery is more than 5 decades
old, the field was revolutionized in 1983 when
Anderson and Parrish19 elucidated the principles
of selective photothermolysis. This basic theory
of laser-tissue interaction explains how selective
tissue destruction is possible. To effect precise
thermal destruction of target tissue without
unwanted conduction of heat to surrounding
structures, the proper laser wavelength must be
selected for preferential absorption by the in-
tended tissue chromophore. Furthermore, the
pulse duration of laser emission must be shorter
than the thermal relaxation time of the target,
thermal relaxation time (TR) being defined as the
amount of time necessary for the targeted struc-
ture to cool to one-half of its peak temperature
immediately after laser irradiation. The delivered
fluence (energy density) must also be sufficiently
high to cause the desired degree of thermal injury
to the skin. Thus the laser wavelength, pulse

duration, and fluence must each be carefully
chosen to achieve maximal target ablation while
minimizing surrounding tissue damage.
Laser systems are versatile tools that allow for

a broad range of cutaneous maladies to be
treated. Scar improvement with a pulsed dye laser
(PDL) was first reported in 1993,20 and over the
past decade laser scar revision has progressed
tremendously, due to advances in technology.
Laser treatment of scars is optimized by proper

scar categorization. Several qualities of the scar
including size, color, texture, and prior treatments
influence choice of laser wavelength and treat-
ment parameters.

SCAR CLASSIFICATION

Numerous scar classification system and evalua-
tion tools have been described.21–24 At present,
no universal model for objective scar assessment
has been accepted.25 In medical literature, scars
are often analyzed by their etiology, the most
common sources being surgery, trauma, burns,
and acne or inflammatory processes. For the
purposes of practicality and ease in treatment
selection, the authors advocate scar classification
as determined by clinical appearance rather than
by causation.
Hypertrophic scars are erythematous, raised,

firm nodular growths that occur more commonly
in areas subject to increased pressure or move-
ment or in body sites that exhibit slow wound heal-
ing. The growth of hypertrophic scars is limited to
the site of original tissue injury, unlike keloids,
which proliferate beyond the boundaries of the
initial wound and often continue to grow without
regression. Keloids present as deep reddish-
purple papules and nodules, often on the earlobes,
anterior chest, shoulders, and upper back. These
lesions are more common in darker-skinned

Take-home points: Overview of laser scar
revision

� The principles of selective photothermolysis
help guide the laser surgeon in choosing the
proper laser wavelength and treatment
parameters for scar revision

� Proper scar classification is essential for opti-
mizing treatment results

Take-home points: Clinical appearance of scars

� Categorization of scars by clinical appearance
can be difficult, but is a helpful guide to
proper laser treatment

� Although similar in many respects, hypertro-
phic scars and keloids should be distinguished
from one another to optimize clinical
outcome

� Atrophic scars are dermal depressions and
result in significant contour abnormalities

� Recognition of skin prone to scarring is one
tool of evaluation that can be helpful in scar
prevention
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persons and, like hypertrophic scars, may be
pruritic, dysesthetic, and cosmetically disfigur-
ing. Whereas the histology of hypertrophic scars
is indistinguishable from that of other scarring
processes, keloidal histology may be recog-
nized by thickened bundles of hyalinized acel-
lular collagen haphazardly arranged in whorls
and nodules with an increased amount of
hyaluronidase.11

Atrophic scars, on the other hand, are dermal
depressions that result from an acute inflamma-
tory process affecting the skin, such as cystic
acne or varicella. The inflammation associated
with atrophic scars leads to collagen destruction
with dermal atrophy. Surgery or other forms of
skin trauma may also result in atrophic scars,
which are initially erythematous and become
increasingly hypopigmented and fibrotic over
time. Based on their width, depth, and 3-dimen-
sional architecture, acne scars are sometimes
further subclassified into icepick, rolling, and
boxcar scars.26

Prescars are early wounds in scar-prone skin.
Prophylactic or early laser treatment of trauma-
tized skin concomitant with or shortly after cuta-
neous wounding has been shown to reduce or
even prevent scar formation in patients at high
risk for scarring.27–29 Laser therapy may improve
the appearance of wounded skin by promoting
better collagen organization in healing wounds.30

LASER SCAR REVISION
Hypertrophic Scars and Keloids

Detailed reviews of laser scar revision have
previously been published.31,32 Early in vitro exper-
imentation with a 1064-nm neodymium:yttrium-
aluminum-garnet (Nd:YAG) laser demonstrated
that fibroblasts irradiated with this wavelength
produced decreased amounts of collagen.33,34

The Nd:YAG, argon, and carbon dioxide (CO2)
lasers were subsequently studied on hypertrophic

scars and keloids with early promising results, but
high recurrence rates were observed.35,36 It was
not until PDLs were studied that it was shown that
scar size, erythema, pliability, pruritus, and texture
could be improved.37–40 A wealth of published clin-
ical data over 2 decades has shown that PDL is
effective for all forms of hypertrophic scarring and
keloids, regardless of etiology. Burn scars,39 ster-
notomy scars,37 acne scars,40 and facial scars re-
sulting from cutaneous surgery29,38 all appear to
respond well to PDL. As a consequence of this
research, the laser of choice in treatinghypertrophic
scars and keloids is the vascular-specific 585-nm
PDL (Fig. 1).10,32,41

There is no consensus on the precisemechanism
whereby thePDLexerts its effect on scars. ThePDL
has been demonstrated to reduce expression of
transforminggrowth factorb, fibroblastproliferation,
and collagen type III deposition.42 Other plausible
explanations include selective photothermolysis
of vasculature,43 released mast cell constituents
(such as histamine and interleukins) that could
affect collagen metabolism,37 and the heating of
collagen fibers and breaking of disulfide bonds
with subsequent collagen realignment.39

Scar revision with the PDL is typically performed
on an outpatient basis without anesthesia. All
persons present in the room must wear protective
eyewear capable of filtering light of 585 to 595 nm
to avoid retinal damage.

Any concern regarding patient response to
treatment should prompt a test spot or patch in
a small area before irradiation of the entire lesion.
If postoperative crusting or vesiculation is
observed, the fluence applied on subsequent visits
should be decreased and retreatment postponed
until the skin has completely healed. The fluence
and pulse duration can be adjusted if scar prolifer-
ation continues despite laser irradiation. Generally
speaking, higher fluences and shorter pulse dura-
tions result in improved scar size and pliability.41,44

However, more aggressive laser settings must be
carefully considered in patients with darker skin
and for scars in more delicate or thin-skinned loca-
tions (eg, eyelids, neck, chest).41,45,46

The use of concomitant intralesional corticoste-
roids or 5-fluorouracil has been shown to provide
additional benefit in proliferative scars.47,48 Intrale-
sional injections of corticosteroids (20 mg/mL
triamcinolone) are more easily delivered immedi-
ately after (rather than before) PDL irradiation
because the laser-irradiated scar becomes edem-
atous (making needle penetration easier). An addi-
tional consideration is that when steroid injection
is performed before laser irradiation the skin
blanches, rendering the skin a potentially less
amenable target for vascular-specific irradiation.

Take-home points: Pulsed dye laser

� PDL is the laser of choice for hypertrophic
scars and keloids, though the mechanism by
which it works is yet to be fully elucidated

� PDL may be used alone or in combination
with other scar treatments

� PDL is relatively safe, but a series of treat-
ments is often necessary

� The most common adverse events of PDL irra-
diation are transient purpura and hyperpig-
mentation

Laser Treatment for Facial Scars 529
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The most common side effect of treatment with
the PDL is postoperative purpura, which often
persists for several days. Pulse durations shorter
than 6 milliseconds are almost certain to bruise
the skin. Edema of treated skin may also occur,
but usually subsides within 48 hours. A topical
healing ointment under a nonstick bandage can
be applied for the first few postoperative days to
protect the skin. Treated areas should be gently
cleansed daily with water and mild soap. Strict
sun avoidance and photoprotection should be
advocated between treatment sessions to reduce
the risk of pigment alteration. Hyperpigmentation
has been reported with varying frequencies
(1%–24%).49,50 If skin darkening occurs, further
laser treatment should be suspended until resolu-
tion of the dyspigmentation has occurred in order
to reduce the risk of cutaneous melanin interfer-
ence with laser energy penetration. Topical
bleaching agents (such as hydroquinone or kojic
acid) may be applied to hasten pigment resolution.
Although no studies regarding the use of 532-

nm potassium titanyl phosphate (KTP) lasers
have been published, some practitioners advocate

their use for erythematous scars because of their
ability to reduceerythema.Similarly, intensepulsed
light systems have been demonstrated to improve
scar erythema.51 The 532-nm frequency-doubled
Q-switched Nd:YAG may be used to treat pig-
mented hypertrophic scars.52 Vaporization of
keloid scars by CO2 laser irradiation almost univer-
sally results in scar recurrences,53 but there is
growing evidence that fractional lasersmay improve
hypertrophic scarring54 (see later discussions).

Atrophic Scars

Ablative lasers
Successful recontouring of atrophic scars has
been achieved with CO2 or erbium:yttrium-
aluminum-garnet (Er:YAG or erbium) laser
vaporization.55–59 Although other treatments such
as dermabrasion and injection of various filler
materials can also be used for atrophic scars, their
operator-dependent efficacy and side-effect
profile, as well as temporary clinical effect (in the
case of most filler injections), limit their usefulness
and widespread acceptance for the longer term.

How I Do It: PDL for hypertrophic scars and keloids

� If topical anesthesia is desired, a lidocaine-containing cream or gel can be applied to the treatment
areas 30 to 60 minutes before laser irradiation.

� To avoid interference with laser penetration, the skin should be cleansed with soap and water to re-
move residual makeup, powder, or creams. Flammable solutions, such as alcohol, should be avoided in
skin preparation.

� Wet gauze may be used to protect hair-bearing areas during treatment and to avoid unnecessary
thermal injury to nontargeted skin.

� The patient and other individuals present in the treatment room must wear protective eyewear
capable of filtering light of 585 to 595 nm to avoid retinal damage.

� The fluences chosen are determined by the skin phototype of the patient, the type of scar, and
previous treatments applied to the area.

� It is prudent to begin treatments with the lowest effective energy densities, using increased fluences
on subsequent visits only when the response to the previous treatment is suboptimal.

� In general, hypertrophic scars and keloids are treated with moderately low energy densities ranging
from 6.0 to 7.5 J/cm2 when using a spot size of 5 or 7 mm and 4.5 to 5.5 J/cm2 when using a 10-mm spot
size.

� Energy densities should be lowered by at least 0.5 J/cm2 in patients with darker skin and for scars in
more delicate or thin-skinned locations (eg, eyelids, neck, chest).

� Pulse durations ranging from 0.45 to 1.5 milliseconds are commonly used.

� Treat the entire surface of the scar with adjacent, nonoverlapping laser pulses.

� The appearance of most hypertrophic scars will improve by approximately 50% after 2 treatments
with the PDL using the aforementioned laser parameters.

� Keloids often require additional treatment sessions to achieve significant improvement, but some
may prove altogether unresponsive.

� Laser treatments are typically repeated at 6- to 8-week time intervals.

Sobanko & Alster530
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What popularized laser skin resurfacing treatment
for atrophic scar revision was its ability to selec-
tively and reproducibly vaporize skinwith improved
operator control and clinical efficacy.60–63 Clinical
and histologic comparisons with dermabrasion
and chemical peels showed that a predictable
amount of skin vaporization and residual thermal

damage could only be achieved through lasers,
thereby demonstrating the superiority of laser
treatment for skin resurfacing.64

CO2 and Er:YAG lasers work to selectively heat
and vaporize superficial skin by emitting energy
that is absorbed by intracellular tissue water.
Cutaneous laser resurfacing produces an addi-
tional skin-tightening benefit through controlled
heating of dermal collagen. The depth of ablation
correlates directly with the number of passes per-
formed, and usually is confined to the epidermis
and upper papillary dermis; however, stacking of
laser pulses by treating an area with multiple
passes in rapid succession or by using a high
overlap setting on a scanning device can lead
to excessive thermal injury with subsequent in-
creased risk of scarring.65 An ablative plateau is
reached with less effective tissue ablation and
accumulation of thermal injury due to reduced
tissue water content after initial desiccation. The
avoidance of pulse stacking and incomplete
removal of partially desiccated tissue is para-
mount to prevention of excessive thermal accu-
mulation with any laser system. Persistent
collagen shrinkage and dermal remodeling are
responsible for much of the continued clinical

Take-home points: Fractional lasers

� Fully ablative and fractional laser systems are
the systems of choice to improve atrophic
scars

� The choice of laser is primarily determined by
the severity of scarring and the patient’s
ability to tolerate postoperative recovery

� It appears that ablative and nonablative frac-
tional lasers produce similar clinical results to
ablative lasers with significantly fewer
adverse effects

� The deeper penetration of ablative fractional
lasers may lead to enhanced clinical improve-
ment of scars relative to fully ablative and
nonablative fractional systems

Fig. 1. Hypertrophic scars on the nose before (left) and after 2 pulsed dye laser (PDL) treatments (right).

Laser Treatment for Facial Scars 531
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benefits observed after ablative laser resurfacing.
The photothermal effect of ablative lasers on the
skin account for shrinkage of collagen and notice-
able clinical skin tightening, as well as neocolla-
genesis and collagen remodeling that leads to
marked reduction of skin textural irregularities.66

Laser treatment of atrophic scars is aimed at
reducing the depth of the scar borders and stimu-
lating neocollagenesis to fill in the depressions.
Although spot (or local) vaporization of isolated
scars is a viable treatment option, extended treat-
ment (at least an entire cosmetic unit) is recom-
mended for more widely distributed defects to
avoid obvious lines of demarcation between
treated and untreated sites. In addition, treatment
of a larger surface area increases the overall
collagen-tightening effect, thereby improving clin-
ical response by making scars appear shallower.
Absolute contraindications to ablative laser skin

resurfacing include an active cutaneous bacterial,
viral, or fungal infection. Patients with an inflamma-
tory skin condition (eg, psoriasis, eczema) involving
the skin areas to be treated should be avoided. Iso-
tretinoin use within the preceding 6-month period
and a history of keloids are also considered contra-
indications to ablative laser treatment because of

the unpredictable tissue-healing response and
greater risk for scarring.67 Ablative laser scar revi-
sion is typically performed on an outpatient basis
and requires a thoughtful approach by both doctor
and patient, including thorough preoperative coun-
seling related to the postoperative recovery period.
All persons in the roommust be wearing protective
eyewear. If patients are wearing protective contact
lens shields, sandblasted metal ones must be
chosen because plastic shields do not meet safety
standards for ocular protection during periocular
laser irradiation. The concave surface of the shields
should be liberally lubricated with an ophthalmic
ointment, and care must be taken while inserting
and removing the shields so as to prevent corneal
abrasions.
Immediately after ablation the vaporized skin

appears erythematous and edematous, with
copious serous discharge and generalized wors-
ening of the skin’s appearance over the first few
days. It is imperative that patients be monitored
closely for appropriate healing responses and
potential complications, such as dermatitis or infec-
tion, during the 7- to 10-day reepithelialization
process.68–70 Full-face procedures or large treat-
ment areas often necessitate the useofprophylactic

How I Do It: Ablative lasers for atrophic scars

� The ideal patient for ablative laser skin resurfacing has a fair complexion (skin phototype I or II),
although darker skin tones may also be treated.

� Various anesthetic options can be employed, including topical, intralesional, intravenous, and general
anesthesia.

� In general, larger treatment areas (eg, full face) require the use of intravenous or general anesthesia
for maximal patient comfort.

� Prophylactic antibiotics may be used for full-face procedures or large treatment areas.

� When choosing treatment parameters, the surgeon must consider factors such as the anatomic loca-
tion to be resurfaced, the skin phototype of the patient, and previous treatments delivered to the
area.

� The requisite protective eyewear and other safety precautions (eg, smoke evacuator to capture laser
plume) should be used.

� The CO2 laser is generally used at fluences of 250 to 350 mJ to ablate the epidermis in a single pass.

� Short-pulsed Er:YAG lasers that are operated at 5 to 15 J/cm2 often require several passes to result in
a similar depth of penetration as CO2, whereas longer-pulsed Er:YAG systems can be operated at high-
er fluences (22.5 J/cm2) to achieve comparable results in a single pass.

� Areas with thinner skin (eg, periorbital) require fewer laser passes and nonfacial (eg, neck, chest) laser
resurfacing should be avoided, due to the relative paucity of pilosebaceous units in these areas.

� Because of their depth and fibrotic nature, most atrophic scars will require at least 2 laser passes
regardless of the laser system chosen for treatment.

� It is important that any partially desiccated tissue be removed with saline-soaked or water-soaked
gauze between laser passes for char formation to be avoided.

� Patients should be seen in-office within 24 to 48 hours then at weekly intervals for 1 month for close
monitoring of adverse events.

Sobanko & Alster532
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antibioticsand/orantiviralmedications to reduce the
risk of infection.71–73 The use of topical antibiotics is
avoided because of the potential development of
contact dermatitis.74 Application of topical oint-
ments, semiocclusive dressings, and/or cooling
masks promote healing and reduce swelling.

Postoperative erythema typically lasts several
weeks after ablative laser treatment, due to tissue
necrosis. Hyperpigmentation is transient and
generally appears 3 to 4 weeks after treatment. Its
resolution can be hastened with the use of topical
bleaching agents.69,70 Although hyperpigmenta-
tion is relatively common (particularly in patients
with darker skin tones), hypopigmentation is
rare.68 The most severe complications of ablative
skin resurfacing include hypertrophic scarring and
ectropion formation, both related to overly aggres-
sive laser techniques and/or undiagnosed/
untreated suprainfections.69,70 Hypertrophic burn
scars can be effectively treated with the PDL as
previously described,39 whereas ectropion typi-
cally requires surgical reconstruction. Retreatment
after ablative laser skin resurfacing should be post-
poned for at least 1 year to accurately gaugeclinical
improvement and permit full tissue recovery.58

Nonablative lasers
As a consequence of the side effects and pro-
longed postoperative recovery associated with
ablative laser treatment, nonablative lasers were
subsequently developed to provide a noninvasive
option for atrophic scar revision.56 The most
popular and widely used of these nonablative
systems include the 1320-nm Nd:YAG, 1450-nm
diode, and 1064-nm Nd:YAG lasers.75–77 These
devices deliver concomitant epidermal surface
cooling with deeply penetrating infrared wave-
lengths that target tissue water and stimulate
collagen production via controlled dermal heating
without epidermal disruption.78 A series of 3 to 5
treatments are typically performed on a monthly
basis, with optimal clinical efficacy appreciated
several (3–6) months after the final laser treatment
session. Sustained clinical improvement of scars
by 40% to 50% has been observed after the series
of treatments.75–78 The low side-effect profile of
these nonablative systems (limited to local
erythema and edema and, rarely, vesiculation or
herpes simplex reactivation) compensates for their
reduced clinical efficacy (relative to ablative lasers).

Fractional lasers
Due to a need for more noticeable clinical
improvement than the aforementioned nonablative
systems, fractional photothermolysis was devel-
oped. In its relatively short history, fractional laser
technology has progressed rapidly, with nearly 30

commercially available fractional systems on the
market. These laser systems may best be classi-
fied into two categories: (1) nonablative fractional
lasers (NAFL) and (2) ablative fractional lasers
(AFL).79

The initial fractional laser (Fraxel; Reliant Tech-
nologies, Mountain View, CA, USA) involved the
use of a mid-infrared (1550 nm) wavelength
erbium-doped fiber laser to create microscopic
noncontiguous columns of thermal injury in the
dermis (referred to as microscopic thermal zones
or MTZs) surrounded by zones of viable tissue.
The spatially precise columns of thermal injury
produce localized epidermal necrosis and collagen
denaturation at 125 or 250 MTZ/cm2.80,81 Because
the tissue surrounding each MTZ is intact, residual
epidermal and dermal cells contribute to rapid
healing. Maintenance of the stratum corneum
ensures continued epidermal barrier function.

Histologic evaluation of the MTZ demonstrates
homogenization of the dermal matrix and the pres-
ence of epidermal necrotic debris, representing
the extrusion of damaged epidermal keratinocytes
by viable keratinocytes at the lateral margin of the
MTZ.81 The necrotic debris exfoliates over the next
several days, producing a bronzed appearance to
the skin. The wound-healing response differs from
that after ablative laser techniques because the
epidermal tissue that is spared between thermal
zones contains viable transient amplifying cells
capable of rapid re-reepithelialization. Further-
more, because the stratum corneum has low water
content, it remains intact immediately after treat-
ment. Therefore, the coagulative wound created
by NAFL resurfacing is unique and not simply
that of an ablative laser used to make “holes” in
the skin. In addition, NAFL resurfacing can provide
an advantage over purely nonablative laser treat-
ments, due to the gradual exfoliation of the
epidermis with resultant improvement in superfi-
cial dyspigmentation.82 A series of NAFL treat-
ments is required to achieve optimal clinical
improvement because only a fraction of the skin
is treated during a single session.

Significant clinical improvement can be obtained
when nonablative fractional photothermolysis is
applied to atrophic facial acne scars of mild to
moderate severity.54,83–88 After a series of 3 con-
secutive NAFL treatments, clinical improvement of
50% or more is observed in acne scarring83–88

(Fig. 2). Similar results have been obtained in scars
resulting from other injuries, including surgery and
burns89–93 (Fig. 3). Patients are treated onamonthly
basis, with greater clinical improvement seen with
successive treatments. It has been shown that
higher energy settings and multiple laser passes
translate into improved clinical results while

Laser Treatment for Facial Scars 533
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Fig. 2. Atrophic facial acne scars before (left) and after 3 consecutive monthly nonablative fractional laser (NAFL)
treatments (right).

Fig. 3. Surgical facial scar before (left) and after one combination 585-nm PDL and NAFL treatment (right).
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increased density is more likely to result in
increased rates and severity of erythema, edema,
and hyperpigmentation.94,95 By contrast, AFLs
(fractionatedCO2 anderbium lasers) not only create
similar columns of thermal coagulation through the
epidermis anddermis, but also vaporize the stratum
corneum.96 Because of the absence of a protective
cap overlying the coagulated columnar regions, the
immediate postoperative appearance of treated
areas appear more similar to an ablative treatment
than that observed with NAFL. Unlike fully ablative
treatments, AFLs not only deliver sufficient energy
to effect immediate contraction, but intact islands
of viable epidermis that facilitate rapid healing
remain post treatment.97,98 Intense erythema and
serosanguinous drainage are evident for 2 to 3
days, followed by complete re-reepithelialization
and diminution of erythema by days 6 or 7.99

A variety of atrophic scars on facial and nonfa-
cial skin can be improved significantly by AFL
resurfacing techniques100–107 (Fig. 4). Clinical
improvement of atrophic scarring results from

collagen contraction and neocollagenesis. Given
that AFL energy penetrates more deeply (1.5–1.6
mm) into the dermis, it is likely that these systems
will prove to bemore effective than NAFLs for atro-
phic scars.100–107 Thermal burn injuries have also
shown textural improvement of skin after AFL
treatment.108

While the ideal patient for fractional laser skin re-
surfacing has a fair complexion (skin phototype I,
II, or III), darker skin tones (IV–VI) can also be
treated. Adequate preoperative patient evaluation
and education are necessary to discern unrealistic
patient expectations, avoid pitfalls, and optimize
clinical outcomes. Prolonged postoperative recov-
ery, pigmentary alteration, or unexpected scarring
is much less likely to occur with fractionated tech-
nology than with fully ablative lasers, but patients
must nevertheless be forewarned. For patients
unable or unwilling to withstand the anticipated
3 to 7 days of postoperative healing, a series of
nonablative (fractionated or infrared) laser proce-
dures may be a more suitable choice.

Fig. 4. Atrophic facial acne scars before (left) and several months after one ablative fractional laser (AFL) skin
resurfacing treatment (right).
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The optimal settings will vary depending on the
laser used and the severity and type of scarring
present. Higher energy settings may result in
improved clinical efficacy, but are also associated

with increased adverse events (pain, erythema,
postoperative dyspigmentation).109,110 Patients
who receive NAFL treatment should use a mild
cleanser and moisturizer several times daily for

How I Do It: Fractional lasers for atrophic scars

� The ideal patient for fractional laser skin resurfacing has a fair complexion (skin phototype I, II, or III),
but darker skin tones (IV–VI) can also be treated.

� Adequate preoperative patient evaluation and education are essential.

� Sun exposure should be avoided prior to treatment in order to decrease the risk of postoperative
dyspigmentation.

� For patients with a strong history of herpes labialis, prophylactic oral antiviral medications should be
considered when treating the perioral skin. Reactivation of prior herpes simplex infection can occur
despite absence of an external wound, due to the intense dermal heat produced by the laser.

� The treatment areas should be cleansed of debris (including dirt, makeup, and powder) using a mild
cleanser and 70% alcohol.

� A topical anesthetic cream is applied to the treatment sites for 60 minutes before treatment. For full-
face AFL treatments oral sedation, nerve blocks, tumescent anesthesia, topical anesthetic creams, and
intravenous sedation may be required.

� NAFL treatment is delivered concomitantly with forced air cooling. The most commonly used NAFL
(Fraxel re:store) is employed at energy settings of 40 to 60 mJ but may be increased to as high as
70 mJ. Total energies of 3 to 5 kJ are typically applied for full-face treatment. Retreatments with grad-
ually higher fluences should be performed at 4-week intervals until patients are satisfied with clinical
outcomes (typically 3 to 5 sessions are necessary to produce substantial clinical improvement).

� AFL devices often require only one treatment but reappraisal of photodamage, rhytides, or scarring
can be performed at the 6- to 12-month postoperative period and, if necessary, a second AFL treat-
ment can be performed if clinically warranted. Settings for a commonly used AFL (Fraxel re:pair) range
from 20 to 100 mJ with treatment densities of 600 to 1600MTZ/cm2. The Lumenis system (Total Fx) has
2 heads with variable energies (Deep FX: 15–25 mJ, Active FX: 80–125 mJ) and densities (Deep FX:
10%–15%, Active RX: 1%–3%) depending on the severity of scarring.

� Optimal treatment settings vary depending on the laser used and the severity of each individual’s scar-
ring. There is evidence that suggests patient satisfaction and clinical results improve with increasing
fluences. Increased postoperative adverse events (pain, erythema, dyspigmentation) are more often
observed when higher treatment densities are selected.

� Patients who receive NAFL treatment should use amild cleanser andmoisturizer several times daily for
the first few days after each treatment session (or as long as bronzing/xerosis is apparent). Sun expo-
sure should be avoided during this time.

� Postoperative erythema resolves spontaneously, but its intensity and duration may be reduced by
immediate treatment with a 590-nm wavelength light-emitting diode (LED) array.

� Those who receive treatment with an AFL must undergo open-wound or closed-wound care as previ-
ously described for the first several postoperative days. Thereafter, patients can slowly resume the use
of their regular skin-care products.

� Adverse events reported with fractional lasers:

Mild Moderate Severe

Prolonged erythema Infection Hypertrophic scarring

Acne and milia Pigmentary alteration Ectropion formation

Delayed purpura Anesthesia toxicity Disseminated infection

Superficial erosions Eruptive keratoacanthomas

Contact dermatitis

Recall phenomenon
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the first few days after each treatment session (or
as long as bronzing/xerosis is apparent). Sun
exposure should be avoided during this time.
Postoperative erythema resolves spontaneously
but its intensity and duration may be reduced by
immediate treatment with a 590-nm wavelength
LED array.111 On the other hand, those who
receive treatment with an AFL must undergo
open-wound or closed-wound care as previously
described for the first several postoperative
days. Thereafter, patients can slowly resume the
use of their regular skin-care products.

Patients who undergo NAFL sessions on
a monthly basis show progressive improvement
with each successive treatment. Skin resurfacing
with AFL does not require as many sessions to
observe clinical improvement. Most patients
require only 1 or 2 AFL treatments at 6- to 12-
months intervals. It is has been theorized that the
enhancedclinical effects ofAFLsare related to their
ability to penetrate more deeply into the skin
compared with fully ablative lasers and NAFLs,
and also to a prolonged wound remodeling
response of several months’ duration.

Fractional skin resurfacing is associated with
a relatively low complication rate.109,110 Most unto-
ward events of NAFL treatment are mild and tran-
sient, including erythema, periocular edema,
xerosis, and slight darkening of the skin (bronzing)
during desquamation of themicroscopic epidermal

necrotic debris.109 The most commonly encoun-
tered adverse events reported are acneiform and
herpetic eruptions in fewer than 2% of patients.
Postinflammatory hyperpigmentation may also
occur, particularly in patients with darker skin
phototypes.89 Intense erythema, serosanguinous
drainage, and crusting are typical for 5 to 7 days
after AFL treatment (compared with 2 to 3 days
with NAFL).110 Caution must be advised when
treating skin in areas that are thin or devoid of pilo-
sebaceous units. Although rare, hypertrophic scar-
ring of the neck, chest, and periocular regions has
been reported with AFLs,112,113 so overly aggres-
sive treatment settings should be avoided in these
sensitive anatomic sites. To date, permanent
pigmentary alteration has not been reported. Other
exceedingly rare adverse events such as eruptive
keratoacanthomas and recall phenomenon also
have been reported.114,115 Table 1 presents frac-
tional laser side effects and complications.

SUMMARY

Cutaneous injuries that result in scar tissue forma-
tion are a result of overly exuberant wound healing.
Scars are relatively common and lead patients to
seek treatment for cosmetic or functional improve-
ment. At present, the many medical treatments
that are available for these maladies often prove
inadequate or inconvenient. It is precisely for these

Table 1
Handling side effects and complications of ablative and fractional skin resurfacing

Side Effect/Complication When to Look for It Treatment

Prolonged erythema 1 month1 � Avoid use of irritating topicals
� Apply mild corticosteroid
� LED photomodulation

Milia/acne exacerbation 1 month1 � Discontinue occlusive dressings/ointments
� Physical extraction of milia
� Oral antibiotics for acne

Contact/allergic dermatitis Any time � Discontinue allergen/irritant
� Topical/oral corticosteroid
� Oral antihistamine

Infection 1–14 days � Take appropriate cultures
� Oral antibacterial/antiviral
� Topical wound care

Hyperpigmentation 1 month1 � Topical lighteners
� Mild chemical peels
� Sunscreen

Hypopigmentation 6 months1 � Excimer laser
� Topical photochemotherapy

Hypertrophic scar 1 month1 � Potent topical corticosteroid
� Pulsed dye laser

Ectropion 1 month1 � Surgical correction
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reasons that laser therapy has been investigated
for improvement of scars and ulcerations.

There are several laser systems available that
permit successful treatment of various types of
scars, and Fig. 5 displays the laser scar revision
treatment algorithm. The 585-nm PDL remains
the gold standard for laser treatment of hypertro-
phic scars and keloids. In addition, the PDL has
been shown to lead to more rapid healing of pre-
scars. Atrophic scars may best be treated with
ablative and fractionally ablative and nonablative
laser systems, depending on the specific circum-
stances of each patient. Nonablative systems,
although less clinically efficacious, may be used
in patients desiring a treatment with reduced post-
operative recovery. Laser scar revision is opti-
mized when individual patient and scar
characteristics are thoroughly evaluated to deter-
mine the best course of treatment and, more
importantly, to determine whether the patient
and physician share realistic expectations and
treatment goals.

REFERENCES

1. Levine E, Degutis L, Pruzinsky T, et al. Quality of life

and facial trauma: psychological and body image

effects. Ann Plast Surg 2005;54:502–10.

2. Robert R, Meyer W, Bishop S, et al. Disfiguring

burn scars and adolescent self-esteem. Burns

1999;25:581–5.

3. Tebble NJ, Adams R, Thomas DW, et al. Anxiety

and self-consciousness in patients with facial lacer-

ations one week and six months later. Br J Oral

Maxillofac Surg 2006;44:520–5.

4. Bell L, McAdams T, Morgan R, et al. Pruritus in

burns: a descriptive study. J Burn Care Rehabil

1988;9:305–11.

5. Young VL, Hutchison J. Insights into patient and

clinician concerns about scar appearance: semi-

quantitative structured surveys. Plast Reconstr

Surg 2009;124:256–65.

6. Rumsey N, Clarke A, White P. Exploring the

psychosocial concerns of outpatients with disfigur-

ing conditions. J Wound Care 2003;12:247–52.

7. Brown BC, McKenna SP, Siddhi K, et al. The hidden

cost of skin scars: quality of life after skin scarring.

J Plast Reconstr Aesthet Surg 2008;61:1049–58.

8. Urioste SS, Arndt KA, Dover JS. Keloids and hyper-

trophic scars: review and treatment strategies.

Semin Cutan Med Surg 1999;18:159–71.

9. Monaco JL, Lawrence WT. Acute wound healing:

an overview. Clin Plast Surg 2003;30:1–12.

10. Reish RG, Eriksson E. Scars: a review of emerging

and currently available therapies. Plast Reconstr

Surg 2008;122:1068–78.

11. Alster TS, Tanzi EL. Hypertrophic scars and

keloids: etiology and management. Am J Clin Der-

matol 2003;4:235–43.

12. FergusonMWJ,Duncan J,BondJ, et al. Prophylactic

administration of avotermin for improvement of skin

scarring: three double-blind placebo-controlled

phase I/II studies. Lancet 2009;373:1264–74.

13. Wu WS, Wang FS, Yang KD, et al. Dexamethasone

induction of keloid regression through effective

suppressionofVEGFexpressionandkeloid fibroblast

proliferation. J Invest Dermatol 2006;126:1264–71.

14. Mallick KS, Hajek AS, Parrish RK. Fluorouracil (5-

FU) and cytarabine (ara-C) inhibition of corneal

epithelial cell and conjunctival fibroblast prolifera-

tion. Arch Ophthalmol 1985;103:1398–402.

15. Hendricks T, Martens MF, Huyben CM, et al. Inhibi-

tion of basal and TGF beta-induced fibroblast

collagen synthesis by antineoplastic agents: impli-

cations for wound healing. Br J Cancer 1993;67:

545–50.

16. Asilian A, Darougheh A, Shariati F. New combina-

tion of triamcinolone, 5-fluorouracil, and pulsed-

dye laser for treatment of keloid and hypertrophic

scars. Dermatol Surg 2006;32:907–15.

17. Fitzpatrick RE. Treatment of inflamed hypertrophic

scars using intralesional 5-FU. Dermatol Surg

1999;25:224–32.

18. Ragoowansi R, Cornes PG, Moss AL, et al. Treat-

ment of keloids by surgical excision and immediate

postoperative single-fraction radiotherapy. Plast

Reconstr Surg 2003;111:1853–9.

19. Anderson RR, Parrish JA. Selective photothermoly-

sis: precise microsurgery by selective absorption

of pulsed radiation. Science 1983;22:524–7.

20. Alster TS, Kurban AK, Grove GL, et al. Alteration of

argon laser-induced scars by the pulsed dye laser.

Lasers Surg Med 1993;13:368–73.

21. Powers PS, Sarkar S, Goldgof DB, et al. Scar

assessment: current problems and future solutions.

J Burn Care Rehabil 1999;20:54–9.

22. Yeong EK, Mann R, Engrav LH, et al. Improved

burn scar assessment with use of a new scar-

rating scale. J Burn Care Rehabil 1997;18:353–5.

23. Nedelec B, Shankowsky HA, Tredget EE. Rating

the resolving hypertrophic scar: comparison of

the Vancouver scar scale and scar volume.

J Burn Care Rehabil 2000;21:205–12.

24. Draaijers LJ, Templeman FRH, Botman YAM, et al.

The patient and observer scar assessment scale:

a reliable and feasible tool for scar evaluation. Plast

Reconstr Surg 2004;113:1960–5.

25. Idriss N, Maibach HI. Scar assessment scales:

a dermatologic overview. Skin Res Technol 2009;

15:1–5.

26. Jacob CI, Dover JS, Kaminer MS. Acne scarring:

a classification system and review of treatment

options. J Am Acad Dermatol 2001;45:109–17.

Laser Treatment for Facial Scars 539



Author's personal copy

27. McCraw JB, McCraw JA, McMellin A, et al. Preven-

tion of unfavorable scars using early pulsed dye

laser treatments: a preliminary report. Ann Plast

Surg 1999;42:7–14.

28. Bowes LE, Alster TS. Treatment of facial scarring

and ulceration resulting from acne excoriée with

585-nm pulsed dye laser irradiation and cognitive

psychotherapy. Dermatol Surg 2004;30:934–8.

29. Nouri K, Jimenez GP, Harrison-Balestra C, et al.

585-nm pulsed dye laser in the treatment of

surgical scars starting on the suture removal day.

Dermatol Surg 2003;29:65–73.

30. Pinheiro AL, Pozza DH, Oliveira MG, et al. Polar-

ized light (400–2000 nm) and non-ablative laser

(685 nm): a description of the wound healing

process using immunohistochemistry analysis.

Photomed Laser Surg 2005;23:485–92.

31. Bouzari N, Davis SC, Nouri K. Laser treatment of

keloids and hypertrophic scars. Int J Dermatol

2007;46:80–8.

32. Alster TS, Zaulyanov-Scanlon L. Laser scar revi-

sion: a review. Dermatol Surg 2007;33:131–40.

33. Castro DJ, Abergel RP, Meeker C, et al. Effects of

the Nd:YAG laser on DNA synthesis and collagen

production in human skin fibroblast cultures. Ann

Plast Surg 1983;11:214–22.

34. Abergel RP, Meeker CA, Lam TS, et al. Control of

connective tissue metabolism by lasers: recent

developments and future prospects. J Am Acad

Dermatol 1984;11:1142–50.

35. Henderson DL, Cromwell TA, Mes LG. Argon and

carbon dioxide laser treatment of hypertrophic

and keloid scars. Lasers Surg Med 1984;3:271.

36. Abergel RP, Dwyer RM, Meeker CA, et al. Laser

treatment of keloids: a clinical trial and an in vitro

study with Nd:YAG laser. Lasers Surg Med 1984;

4:291–5.

37. Alster TS, Williams CM. Improvement of keloid ster-

notomy scars by the 585 nm pulsed dye laser:

a controlled study. Lancet 1995;345:1198–200.

38. Alster TS. Improvement of erythematous and

hypertrophic scars by the 585 nm flashlamp-

pumped pulsed dye laser. Ann Plast Surg 1994;

32(2):186–90.

39. Alster TS, Nanni CA. Pulsed dye laser treatment of

hypertrophic burn scars. Plast Reconstr Surg 1998;

102:2190–5.

40. Alster TS,McMeekin TO. Improvement of facial acne

scars by the 585nm flashlamp-pumped pulsed dye

laser. J Am Acad Dermatol 1996;35:79–81.

41. Alster TS. Laser treatment of scars and striae. In:

Alster TS, editor. Manual of cutaneous laser tech-

niques. Philadelphia: Lippincott- Raven; 2000. p.

89–107.

42. Kuo YR, Jeng SF, Wang FS, et al. Flashlamp pulsed

dye laser (PDL) suppression of keloid proliferation

through down-regulation of TGF-beta1 expression

and extracellular matrix expression. Lasers Surg

Med 2004;34:104–8.

43. Reiken SR, Wolfort SF, Berthiamume F, et al. Control

of hypertrophic scar growth using selective photo-

thermolysis. Lasers Surg Med 1997;21:7–12.

44. Manuskiatti W,WanitphakdeedechaR, Fitzpatrick RE.

Effect of pulse width of a 595-nm flashlamp-pumped

pulseddye laser on the treatment response of keloidal

and hypertrophic sternotomy scars. Dermatol Surg

2007;33:152–61.

45. Shah S, Alster TS. Laser treatment of dark skin: an

updated review. Am J Clin Dermatol 2010;11:1–10.

46. Bhatt N, Alster TS. Laser surgery in dark skin. Der-

matol Surg 2008;34:184–95.

47. Alster TS. Laser scar revision: comparison of

pulsed dye laser with and without intralesional

corticosteroids. Dermatol Surg 2002;29:25–9.

48. Manuskiatti W, Fitzpatrick RE. Treatment response

of keloidal and hypertrophic sternotomy scars:

comparison among intralesional corticosteroid, 5-

fluorouracil, and 585-nm flashlamp-pumped

pulsed-dye laser treatments. Arch Dermatol 2002;

138:1149–55.

49. Hermanns JF, Petit L, Hermanns LT, et al. Analytic

quantification of phototype-related regional skin

complexion. Skin Res Technol 2001;7:168–71.

50. Fiskerstrand EJ, Svaasand LO, Volden G. Pigmen-

tary changes after pulsed dye laser treatment in

125 northern European patients with port wine

stains. Br J Dermatol 1998;138(3):477–9.

51. Bellew SG, Weiss MA, Weiss RA. Comparison of

intense pulsed light to 585-nm long-pulsed pulsed

dye laser for treatment of hypertrophic surgical scars:

a pilot study. J Drugs Dermatol 2005;4:448–52.

52. Bowes LE, Nouri K, Berman B, et al. Treatment of

pigmented hypertrophic scars with the 585nm

pulsed dye laser and the 532 nm frequency-

doubled Nd:YAG laser in the Q-switched and vari-

able pulse modes: a comparative study. Dermatol

Surg 2002;28:714–9.

53. Apfelberg DB, Maser MR, White DN, et al. Failure

of carbon dioxide laser excision of keloids. Lasers

Surg Med 1989;9:382–8.

54. Tanzi EL, Wanitphakdeedecha R, Alster TS. Fraxel

laser indications and long-term follow-up. Aesthet

Surg J 2008;28:61–4.

55. Alster TS. Cutaneous resurfacing with CO2 and

erbium: YAG laser: preoperative, intraoperative,

and postoperative considerations. Plast Reconstr

Surg 1999;103:619–32.

56. Alster TS, Tanzi EL. Laser skin resurfacing: ablative

and nonablative. In: Robinson J, Sengelman R,

Siegel DM, et al, editors. Surgery of the skin. Phila-

delphia: Elsevier; 2005. p. 611–24.

57. Alster TS, West TB. Resurfacing atrophic facial

scars with a high energy, pulsed carbon dioxide

laser. Dermatol Surg 1996;22:151–5.

Sobanko & Alster540



Author's personal copy

58. Walia S, Alster TS. Prolonged clinical and histolog-

ical effects from CO2 laser resurfacing of atrophic

scars. Dermatol Surg 1999;25:926–30.

59. Tanzi EL, Alster TS. Treatment of atrophic facial

acne scars with a dual-mode Er: YAG laser. Derma-

tol Surg 2002;28:551–5.

60. Alster TS, Nanni CA, Williams CM. Comparison of

four carbon dioxide resurfacing lasers: a clinical

and histopathologic evaluation. Dermatol Surg

1999;25:153–9.

61. Alster TS, Kauvar AN, Geronemus RG. Histology of

high-energy pulsed CO2 laser resurfacing. Semin

Cutan Med Surg 1996;15:189–93.

62. Ross EV, Grossman MC, Duke D, et al. Long-term

results after CO2 laser skin resurfacing: a compar-

ison of scanned and pulsed systems. J Am Acad

Dermatol 1997;37:709–18.

63. Green D, Egbert BM, Utley DS, et al. In vivomodel of

histologic changes after treatment with the super-

pulsed CO2 laser, erbium: YAG laser, and blended

lasers: a 4- to 6-month prospective histologic and

clinical study. Lasers Surg Med 2000;27:362–72.

64. Fitzpatrick RE, Tope WD, Goldman MP, et al.

Pulsed carbon dioxide laser, trichloroacetic acid,

Baker-Gordon phenol, and dermabrasion: a com-

parative clinical and histologic study of cutaneous

resurfacing in a porcine model. Arch Dermatol

1996;132:469–71.

65. Fitzpatrick RE, Smith SR, Sriprachya-Anunt S.

Depth of vaporization and the effect of pulse stack-

ing with a high-energy, pulsed CO2 laser. J Am

Acad Dermatol 1999;40:615–22.

66. Fitzpatrick RE, Rostan EF, Marchell N. Collagen

tightening induced by carbon dioxide laser versus

erbium:YAGlaser.LasersSurgMed2000;27:395–403.

67. Katz BE, MacFarlane DF. Atypical facial scarring

after isotretinoin therapy in a patient with a previous

dermabrasion. JAmAcadDermatol 1994;30:852–3.

68. Nanni CA, Alster TS. Complications of CO2 laser re-

surfacing: an evaluation of 500 patients. Dermatol

Surg 1998;24:315–20.

69. Horton S, Alster TS. Preoperative and postopera-

tive considerations for cutaneous laser resurfacing.

Cutis 1999;64:399–406.

70. Alster TS, Lupton JR. Prevention and treatment of

side effects and complications of cutaneous laser

resurfacing. Plast Reconstr Surg 2002;109:308–16.

71. Walia S, Alster TS. Cutaneous CO2 laser resurfac-

ing infection rate with and without prophylactic anti-

biotics. Dermatol Surg 1999;25:857–61.

72. Alster TS, Nanni CA. Famciclovir prophylaxis of

herpes simplex virus reactivation after cutaneous

laser resurfacing. Dermatol Surg 1997;25:242–6.

73. Beeson WH, Rachel JD. Valacyclovir prophylaxis

for herpes simplex virus infection or infection recur-

rence following laser skin resurfacing. Dermatol

Surg 2002;28:331–6.

74. Fisher AA. Lasers and allergic contact dermatitis to

topical antibiotics, with particular reference to baci-

tracin. Cutis 1996;58:252–4.

75. Tanzi EL, Alster TS. Comparison of a 1450 nm

diode laser and a 1320 nm Nd:YAG laser in the

treatment of atrophic facial scars: a prospective

clinical and histological study. Dermatol Surg

2004;30:152–7.

76. Rogachefsky AS, Hussain M, Goldberg DJ. Atro-

phic and mixed pattern of acne scars with a 1320

nm Nd:YAG laser. Dermatol Surg 2003;29:904–8.

77. Friedman PM, Jih MH, Skover GR, et al. Treatment

of atrophic facial acne scars with the 1064-nm Q-

switched Nd:YAG laser. Arch Dermatol 2004;140:

1337–41.

78. Friedman PM, Skover GR, Payonik G, et al. 3D in-

vivo optical skin imaging for topographical quanti-

tative assessment of non-ablative laser technology.

Dermatol Surg 2002;28:199–204.

79. Sobanko JF, Alster TS. Laser skin resurfacing of

rhytides and scars. In: Spiegel J, editor. Office

based facial plastic surgery, in press.

80. Manstein D, Herron GS, Sink RK, et al. Fractional

photothermolysis: a new concept for cutaneous re-

modeling using microscopic patterns of thermal

injury. Lasers Surg Med 2004;34:426–38.

81. Laubach HJ, Tannous Z, Anderson RR, et al. Skin

responses to fractional photothermolysis. Lasers

Surg Med 2006;38:142–9.

82. Walgrave S, Zelickson B, Childs J, et al. Pilot inves-

tigation of the correlation between histological and

clinical effects of infrared fractional resurfacing

lasers. Dermatol Surg 2008;34:1443–53.

83. Geronemus R. Fractional photothermolysis: current

and future applications. Lasers Surg Med 2006;38:

169–76.

84. Alster TS, Tanzi EL, Lazarus E. The use of fractional

laser photothermolysis for the treatment of atrophic

scars. Dermatol Surg 2007;33:295–9.

85. Taub AF. Fractionated delivery systems for difficult

to treat clinical applications: acne scarring, melas-

ma, atrophic scarring, striae distensae, and deep

rhytides. J Drugs Dermatol 2007;6:1120–8.

86. Chrastil B, Glaich AS, Goldberg LH, et al. Second-

generation 1,550-nm fractional photothermolysis

for the treatment of acne scars. Dermatol Surg

2008;34:1327–32.

87. Hu S, Chen MC, Lee MC, et al. Fractional resurfac-

ing for the treatment of atrophic facial acne scars in

Asian skin. Dermatol Surg 2009;35:826–32.

88. Cho SB, Le JH, Choi MJ, et al. Efficacy of the frac-

tional photothermolysis system with dynamic oper-

ating mode on acne scars and enlarged pores.

Dermatol Surg 2009;35:108–14.

89. Mahmoud BH, Srivastava D, Janiga JJ, et al. Safety

and efficacy of erbium-doped yttrium aluminum

garnet fractionated laser for treatment of acne

Laser Treatment for Facial Scars 541



Author's personal copy

scars in type IV to VI skin. Dermatol Surg 2010;36:

602–9.

90. Vasily DB, Cerino ME, Ziselman EM, et al. Non-

ablative fractional resurfacing of surgical and

post-traumatic scars. J Drugs Dermatol 2009;8:

998–1005.

91. Haedersdal M, Morean KER, Beyer DM, et al. Frac-

tional nonablative 1540 nm laser resurfacing for

thermal burn scars: a randomized controlled trial.

Lasers Surg Med 2009;41:189–95.

92. Tierney EP, Kouba DJ, Hanke CW. Review of frac-

tional photothermolysis: treatment indications and

efficacy. Dermatol Surg 2009;35:1445–61.

93. Kunishige JH, Katz TM, Goldberg LH, et al. Frac-

tional photothermolysis for the treatment of surgical

scars. Dermatol Surg 2010;36:538–41.

94. Manstein D, Zurakowski D, Thongsima S, et al. The

effects of multiple passes on the epidermal thermal

damage pattern in nonablative fractional resurfac-

ing. Lasers Surg Med 2009;41:149–53.

95. Thongsima S, Zurakowski D, Manstein D. Histolog-

ical comparison of two different fractional photo-

thermolysis devices operating at 1,550nm. Lasers

Surg Med 2010;42:32–7.

96. Hantash BM, Bedi VP, Kapadia B, et al. In vivo

histological evaluation of a novel ablative fractional

resurfacing device. Lasers Surg Med 2007;39:

96–107.

97. Saluja R, Khoury J, Detwiler SP, et al. Histologic

and clinical response to varying density settings

with a fractionally scanned carbon dioxide laser.

J Drugs Dermatol 2009;8:17–20.

98. Prignano F, Campolmi P, Bonan P, et al. Fractional

CO2 laser: anovel therapeuticdeviceuponphotomo-

dulation of tissue remodeling and cytokine pathway

of tissue repair. Dermatol Ther 2009;22:S8–15.

99. Waibel J, Beer K, Narurkar V, et al. Preliminary

observations on fractional ablative resurfacing

devices: clinical impressions. J Drugs Dermatol

2009;8:481–5.

100. Chappas AM, Brightman L, Sukal S, et al. Success-

ful treatment of acneiform scarring with CO2 abla-

tive fractional resurfacing. Lasers Surg Med 2008;

40:381–6.

101. Cho SB, Lee SJ, Kang JM, et al. The efficacy and

safety of 10,600-nm carbon dioxide fractional laser

for acne scars in Asian patients. Dermatol Surg

2009;35:1955–61.

102. Walgrave SE, Ortiz AE, MacFalls HT, et al. Evalua-

tion of a novel fractional resurfacing device for the

treatment of acne scarring. Lasers Surg Med 2009;

41:122–7.

103. Gotkin RH, Sarnoff DS, Cannarozzo G et al. Abla-

tive skin resurfacing with a novel microablative

CO2 laser. J Drugs Dermatol 1009;8:138–144.

104. Kim S, Cho KH. Clinical trial of dual treatment with

an ablative fractional laser and a nonablative laser

for the treatment of acne scars in Asian patients.

Dermatol Surg 2009;35:1089–98.

105. Ortiz AE, Tremaine AM, Zachary CB. Long-term

efficacy of a fractional resurfacing device. Lasers

Surg Med 2010;42:168–70.

106. Manuskiatti W, Triwongwaranat D, Varothai S, et al.

Efficacy and safety of a carbon-dioxide ablative

fractional resurfacing device for treatment of atro-

phic acne scars in Asians. J Am Acad Dermatol

2010;63:274–83.

107. Weiss ET, Chapas A, Brightman L, et al. Successful

treatment of atrophic postoperative and traumatic

scarring with carbon dioxide ablative fractional re-

surfacing. Arch Dermatol 2010;146:133–40.

108. Waibel J, Beer K. Ablative fractional laser resurfac-

ing for the treatment of a third-degree burn. J Drugs

Dermatol 2009;8:294–7.

109. Graber EM, Tanzi EL, Alster TS. Side effects and

complications of fractional laser photothermolysis:

experience with 961 treatments. Dermatol Surg

2008;34:301–7.

110. Metelitsa AI, Alster TS. Fractionated laser skin re-

surfacing treatment complications: a review. Der-

matol Surg 2010;36:299–306.

111. Alster TS, Wanitphakdeedecha R. Improvement of

post-fractional laser erythema with light-emitting

diode photomodulation. Dermatol Surg 2009;35:

813–5.

112. Avram MM, Tope WD, Yu T, et al. Hypertrophic

scarring of the neck following ablative fractional

carbon dioxide laser resurfacing. Lasers Surg

Med 2009;41:185–8.

113. Fife DJ, Fitzpatrick RE, Zachary CB. Complications

of fractional CO2 laser resurfacing: four cases.

Lasers Surg Med 2009;41:179–84.

114. Mamelak AJ, Goldberg LH, Marquez D, et al. Erup-

tive keratoacanthomas on the legs after fractional

photothermolysis: report of two cases. Dermatol

Surg 2009;35:513–8.

115. Foster KW, Fincher EF, Moy RL. Heat-induced

“recall” of treatment zone erythema following frac-

tional resurfacing with a combination laser (1320

nm/1440 nm). Arch Dermatol 2008;144:1398–9.

Sobanko & Alster542


