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KEY POINTS

� Lasers can be used safely to treat hypertrophic burn scars.

� Pulsed-dye lasers improve the vascularity of hypertrophic burn scars and reduce pruritis, redness,
and sometimes neuropathic pain.

� Fractional CO2 laser resurfacing decreases the thickness and improves the pliability of hypertrophic
burn scars, allowing for improved range of motion across joints.
om
LASERS IN MEDICINE

Records for the use of light for medical purposes
can be found dating back to 4000 BC.1 In 1917,
Albert Einstein described the essential formulas
and theoretic concepts of laser light; however, it
was not until 1960 that the first laser was suc-
cessfully operated.2,3 The word LASER is an
acronym for Light Amplification by Stimulated
Emission of Radiation.3 Laser light has three
unique properties which are different from con-
ventional light: (1) it is monochromatic because
the wavelength of laser light approaches unity,
(2) it is coherent because the light waves are
spatially and temporally in phase, and (3) it is
collimated because the light waves are parallel
and not divergent.3

To achieve a precise biologic effect and
minimize collateral damage, laser light must be
absorbed by a specific component of skin,
which is usually a function of the wavelength
and pulse duration.4 The 3 main chromophores
of skin-absorbing laser light are melanin,
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hemoglobin, and intracellular or extracellular
water, which are specifically targeted by
different laser devices.1 Fig. 1 illustrates how
different wavelengths pass different depths and
affect different structures in the body. The depth
of penetration for any laser can usually be
altered by increasing the power output of the
laser.

Since Castro and colleagues5 in 1983
described for the first time that laser treatment
may be a useful treatment modality for hypertro-
phic and keloid scars, techniques have evolved
dramatically. Demonstrated improvement in
erythematous and hypertrophic scars was re-
ported in 1994 using 585-nm flashlamp-pumped
pulsed dye laser. However, with the introduction
of fractional photothermolysis in 2004, there has
been a significant breakthrough in clinical laser
science.6 Fractional lasers use technology that
splits the laser beam into a pixelated pattern of
microbeams, creating hundreds of small thermal
injuries to the skin, and leaving the surrounding
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Fig. 1. Chromophore absorption chart.

Fig. 2. Histopathologic section of tissue treated with
an ablative fractional CO2 laser demonstrating the
fractional ablative columns that are generated by
the unique fractional tissue vaporization.
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areas uninjured. These tiny thermal microscopic
wounds that reach deep dermal depth allow a
rapid healing response, and the islands of un-
treated skin serve as a reservoir of viable tissue
to promote neocollagenesis and tissue
remodeling.6,7

Thismethod of fractional skin resurfacing has led
to clinical efficacy in aesthetic and scar treatments
with high physician and patient approval. Frac-
tional lasers have a superior safety profile when
compared with traditional resurfacing techniques.
Fractional laser devices may be either

nonablative or ablative. Nonablative fractional
photothermolysis heats up the dermis from 50�C
to 70�C, which induces collagen to undergo irre-
versible coagulation of proteins. Ablative fractional
photothermolysis heats up the dermis to greater
than 100�C, causing vaporization of tissue with
the immediate area surrounded by a thermal coag-
ulation zone (Fig. 2).
Nonablative fractional resurfacing (NAFR) de-

vices were introduced in 2004 with increased
safety profile but decreased efficacy versus tradi-
tional resurfacing devices. NAFR has become a
popular worldwide procedure because of its
effective epidermal and dermal rejuvenation,
increased safety profile, decreased postoperative
downtime, use on all anatomic areas, and wide
spectrum of medical and aesthetic indications.
NAFR can be used for mild to moderate rhytides,
leukoderma, atrophic and hypertrophic scars, and
other indications such as melasma and striae.
Despite the success of nonablative fractional la-
sers, the need for more aggressive tissue ablation
for the purposes of rejuvenation of severely
photodamaged skin, deeper rhytides, and severe
scars remained.
Ablative fractional resurfacing (AFR) devices

entered the market in 2007 with improved efficacy
for rhytides, photodamage, and scars. AFR have
increased efficacy over NAFR and provide a better
safety profile than traditional resurfacing, because
a more vigorous remodeling response is triggered,
thereby being highly effective for the treatment of
hypertrophic scars.7–9 There are many fractional
devices presently on the market. Many of these
devices have distinct technological characteristics
that maximize safety and efficacy. This article
reviews and discusses fractional devices and frac-
tional treatment pearls in particular.
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PRINCIPLES OF LASER APPLICATION IN BURN
SCAR MANAGEMENT

When approaching burn patients, it is important to
recall what they are confronted with, once their
wounds are closed and what then dictates their
quality of life. Burn scars can create significant
morbidity and remain as a permanent reminder
of the damage that has occurred. Diligent, profes-
sional wound care in the acute setting followed by
time and assiduous scar management with con-
ventional modalities such as physical therapy,
intralesional steroids, and surgical revision can
mitigate some of the effects of these scars. How-
ever, despite skilled care and aside from the
obvious stigma, burn patients often suffer from se-
vere pruritus, neuropathic pain, and contractures
limiting range of motion.10 These factors may all
have detrimental physical, aesthetic, and social
consequences and are associated with substantial
costs for modern health care systems.11 Advances
in medical care have led to unprecedented survival
rates after extensive injuries, such as from burns
and battlefield injuries, further widening the gap
in treatment of severely scarred patients.

Burn Scars Are a Complex Tissue Requiring a
Holistic Approach

Burn scars have multiple characteristics, such
as altered vascularization, dyschromia, structural
changes, tension, and contour abnormalities. To
achieve an optimal outcome, all aspects of a
burn scar should be addressed by a holistic treat-
ment approach.

Abnormal scarring occurs by a loss of control
mechanisms that regulate the balance of tissue
repair and regeneration. Burn wounds in particular
are prone to hypertrophic scarring because of the
inflammatory nature of the wound and the pro-
longed course of wound healing.12 An imbalance
in biosynthesis and tissue degradation during the
wound-healing process initiates an excess of
collagen production and fibroblast proliferation in
hypertrophic and keloid scars, so that they
become firm and raised with an irregular surface
and tension.13 Fibroblasts are a highly mechanor-
esponsive cell type known to play a key role in
contractures and hypertrophic scarring. In vitro
studies suggest that mechanical strain upregu-
lates matrix remodeling genes and downregulates
normal cellular apoptosis, resulting in more cells,
each of which produces more matrix. This “double
burden” may underlie the pathophysiology of hy-
pertrophic scars.14 Added to that, wounds, grafts,
and scar tissue can contract, which result in ten-
sion, contour abnormalities, and contractures.15

The presence of tension in the wound healing
environment, except in the case of a keloid, is clin-
ically associated with hypertrophic scarring in
virtually every case unless the tension is eventually
relieved by scar relaxation or surgical correction.
Decreasing tension during the wound healing pro-
cess has been shown to improve scar formation in
both large animal and phase 1 studies.16

Alteration in skin color is another major compo-
nent to hypertrophic burn scars.17 Pigment
alterations in burns scars derive from 2 main com-
ponents: melanin (brown hues) produced by the
melanocytes in the epidermis, resulting in hypo-
pigmentation and/or hyperpigmentation, and
oxyhemoglobin (red hues, erythema) by prolifer-
ating, dilated microvessels.18

A plethora of nonsurgical therapies ranging
from compression, silicone products, physical
therapy, intralesional injections of corticosteroids,
or 5-fluorouracil, and various laser treatments is
part of the daily practice for scar rehabilitation,
for which the evidence base has been more histor-
ical than scientific, but is widely accepted as
standard care.7,19 Surgery remains the main
reconstructive approach for contracted scars to
release tension and increase the range of motion
if it is limited.7,15 Nevertheless, although very
effective in restoring range of motion, surgery is
associated with high recurrence rates and the effi-
cacy is often limited to the surgical site.7 Further-
more, a scar remains, which is often painful,
pruritic, hypertrophic, atrophic, hyperpigmented,
depigmented, erythematous with or without telan-
giectasia, abnormally textured, or all of the above
in various areas of the same scar. Advances in
laser therapy, especially the introduction of AFR,
are a crucial part to fill the void between occupa-
tional therapy and surgical interventions. In some
cases, AFR can even replace surgery, or be used
before surgery to soften scars thus potentially
improving surgical outcomes.
Laser Light for Burn Scar Modulation

Early evidence suggests that laser therapy can
significantly improve the symptoms that are asso-
ciated with hypertrophic scarring. Improvements
in scar pigmentation, texture (ie, pliability and
height), pain, and pruritus are reported benefits
following laser therapy.7,11,13,20–24 Although many
lasers have been applied for the treatment of hy-
pertrophic scars, pulsed dye laser therapy (PDL)
and AFR seem to offer burn patients the greatest
benefit.7,25

PDL is frequently used to correct erythema
and pruritus13,22 and is thought to reduce scar
redness by selective photothermolysis of blood
vessels, thereby decreasing hypervascularity.21
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Furthermore, targeted vascular destruction re-
sults in tissue hypoxia, collagen fiber heating,
and catabolism, subsequently preventing exces-
sive collagen deposition and leading to collagen
realignment and remodeling.26,27 Because the
PDL has limited penetration, it is less effective
on thicker (>1.0 cm) hypertrophic scars, particu-
larly if tension is present. Tension relieving, mini-
mally morbid surgery, can facilitate the PDL’s
effectiveness and may eliminate the need for
scar excision13 (Fig. 3A–C). The exact mechanism
by which PDL affects burn scar pruritus is not
entirely clear, but changes in scar regulatory
cytokines following laser treatment have been
suggested.22

Although vascular lasers, in particular the PDL,
are known to decrease pruritus, improve ery-
thema, and hypertrophy, the newer fractional
resurfacing techniques have the ability to further
enhance the rehabilitation of burn scars.7,11,15

AFR has the capacity to improve various aspects
of the burn scar, in particular the debulking of the
tissue and restoring a more organized collagen ar-
chitecture by vaporizing scar tissue in a highly
organized gridlike pattern.21 Hence, together with
surgical reconstructive procedures (eg, Z-plasties
or small transposition flaps), AFR resurfacing is
becoming the main component for the treatment
of hypertrophic scars by inducing a tissue remod-
eling and rearrangement process. In addition,
intralesional infiltration or laser-assisted delivery
of corticosteroids and 5-fluorouracil can further
enhance pliability and reduce thickness.28,29

Other aspects of scars can be addressed with
other lasers. Erythema in immature hypertrophic
scars or mature hypertrophic scars under tension
can initially be treated by a vascular laser, including
Fig. 3. (A) A 5-year-old boy with diffuse, contracted, hyp
flame burn. (B) Z-plasties were used to decrease longitu
concave surfaces. The PDL (595 nm, 7-mm hand piece,
Wayland, MA) was used in same procedure to treat the n
PDL treatments with increasing energies up to 9.0 J/cm, th
No scars were excised.
PDL or comparable devices.4 Vascular laser ther-
apy, such as treatment with a PDL, can be used
as a single treatment of small hypertrophic scars,
but should ideally be combined with AFR to treat
the scar structure, or combined with small surgical
procedures such as Z-plasties to release tension if
present13,21,25 (see Fig. 3; Fig. 4). Importantly, both
AFR and PDL can either be safely applied in alter-
nating treatment sessions or even combined in
the same procedure to work synergistically7 (see
Fig. 4; Fig. 5). The same applies for hypertrophic
scars with dyschromia, which can be treated by a
laser targeting melanin (eg, nanosecond-domain
Q-switched Nd:YAG or Alexandrite lasers). Impor-
tantly, all of these treatment modalities can be
used during the same treatment session or with
intervals in between. Despite these advances,
traditional scar rehabilitation by occupational ther-
apy (compression, silicone, physiotherapy, and
massaging) should always be continued throughout
the whole treatment process.
Fractional Laser Therapy as a Central
Component of Scar Management

The introduction of AFR in routine burn scar man-
agement represents a milestone in reconstructive
burn surgery, because it is a treatment modality
that can now address many of the symptoms and
issues associatedwith hypertrophic burn scars. Un-
til recently, such a holistic treatment of burn scars
was not available. However, AFR does not neces-
sarily replace surgical scar releases, but it has the
capacity to decrease the extent of surgery, leading
to reduced postoperative morbidity, thus acceler-
ating the process of workplace-reintegration and
improved overall outcome.
ertrophic scarring of the face 3 years after a gasoline
dinal tension and flatten the bowstring scars across
7.0 J/cm, 1.5 ms; Candela-Syneron V-beam Perfecta,
onoperated areas. (C) Four years later, after 3 similar
e scars are flat, soft, inconspicuous, and asymptomatic.



Fig. 4. (A) Bilateral scald burn injuries to feet, which healed with massive hypertrophic scarring, pain, and severe
pruritus. PDL (Candela-Syneron V-beam Perfecta, Wayland, MA) treatments initiated for pruritus and to decrease
hypertrophy. (B, C) Focal Z-plasties performed to separate large confluent scars and eliminate tension from ankle
motion. (D) Five years later, after one additional Z-plasty procedure. The patient has had 5 PDL treatments alone,
10 PDL and AFR (Ablative fractional CO2 laser, Lumenis UltraPulse, Yokneam, Israel) treatments combined, and 5
AFR treatments alone.
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In vitro/in vivo effects
A unique feature of AFR is the combination of short
pulse duration and high energy enables precise
and effective treatment. The resulting islands of
undamaged tissue serve as a reservoir for the
scar remodeling process. Histologic analyses sug-
gest that the unique pattern of fractional laser
injury prompts a molecular cascade, including
heat shock proteins andmatrix metalloproteinases
as well as inflammatory processes that lead to a
rapid healing response and prolonged neocolla-
genesis with subsequent collagen remodeling,
including a decrease in type I collagen and
Fig. 5. (A) Severe hypertrophic scarring of dorsum of the
(TBSA) flame burn treated with the PDL (Candela-Syneron
peremia and AFR (Ablative fractional CO2 laser, Lumenis U
years later, after one Z-plasty to the proximal portion of t
soft and flat and continues to improve with each treatme
increase in type III collagen.20,30–32 The remodel-
ing process ultimately results in a change of the
dermal architecture of the scar by increasing
pliability, decreasing thickness, and improving
function and can promote healing of chronic
wound breakdowns in unstable scars.20,25,33–37

The efficacy of laser stimulated hypertrophic scar
remodeling is supported by multiple reports of a
significant decrease in scar assessment scores,
such as Vancouver Scarring Scales as well as
the Patient and Observer Scar Assessment Score,
and a decrease of the thickness measured by
ultrasound.11,20,23,25,30,32 Recent data suggest
left hand 2 years after 20% total body surface area
V-beam Perfecta, Wayland, MA) for pruritus and hy-
ltraPulse, Yokneam, Israel) for hypertrophy. (B) Three
he scar to eliminate tension from wrist motion. Scar is
nt. Z-plasty incision is not detectable.



Issler-Fisher et al6
that most burn victims who display scars of
various maturation status and undergo AFR report
improvements, quite often already following the
first treatment session.11 An increase in scar
pliability, reduction of scar tension, flattening of
the scar, but moreover improvements in symp-
toms, such as a reduction of pruritus and neuro-
pathic pain as well as improvements in heat
sensitivity, are consistently reported as the most
valuable achievements.11,25 Importantly, these as-
pects also result in an improvement in overall
quality-of-life scores, which is probably the ulti-
mate outcome of a burn survivor.11

Preoperative considerations
Ablative fractional laser devices provide different
functions specifically designed for the treatment
of scars and address different aspects of the hy-
pertrophic scar. Fractional ablative CO2 and Erbiu-
m:YAG lasers are typically used for treatments of
scars. Tissues can be ablated superficially (to
achieve a smoother surface) or deep (to release
tension and stimulate dermal remodeling). This
choice of different AFR modalities (superficial,
deep, or combined) and the selection of settings
allow the surgeon to tailor the treatment to the in-
dividual patient’s needs.
Besides obvious acute indications for re-

constructive procedures to prevent secondary
damage, such as eyelid ectropions or acute con-
tractures, current paradigms suggest to await
full-scar maturation.15 However, recent data
suggest that laser treatment with a vascular de-
vice, NAFR, or AFR can be initiated within early
months following the injury and might even have
a favorable impact in scar rehabilitation, by
reducing symptoms, potentially even mitigating
the development of contractures, thus improving
early mobility and enhancing as well as acceler-
ating the entire rehabilitative process.7,37 How-
ever, the optimal timing of laser treatment is
undetermined, and the aggressiveness of the
treatment has to be adapted depending on scar
maturation status.7 Depending on various patient
factors, such as age, comorbidities, skin type,
and type of scar, multiple laser sessions ranging
from as little as 1 to 8 or 9 treatments with a min-
imal interval of 6 weeks to 3 months in between
each treatment cycle is generally recommended.

Perioperative considerations
AFR causes some discomfort, and each patient
should be evaluated individually with regards to
pain management during the treatment. Pain
perception of burn patients is very different
from other patient groups, and factors, such as
age of the patient, age of the scar, posttraumatic
stress disorder, neuropathic pain, chronic pain
medication, and psychological attitude toward
pain and procedures, have to be considered
in the treatment plan. As such, pain manage-
ment can range from topical compound anes-
thetic creams and sedation to full general
anesthesia.
Laser therapy is usually well tolerated in hyper-

trophic burn scars and associated with a relatively
low complication rate.38,39 Postoperative ery-
thema, edema, pinpoint bleeding, and serous
discharge during treatment are routinely seen
and can last for some days following treatment.
Occasionally, small areas of superficial epidermal
loss can be noted. Furthermore, exfoliation can
occur, especially if patients are treated with super-
ficial fractional ablative resurfacing. Postproce-
dural pain is minimal and usually only lasts for 1
to 2 days; however, some patients describe pruri-
tus for several days to weeks following treatment.
Despite the increased susceptibility of burn
patients, the infection rate is quite low (<1%),7,39

and the use of prophylactic antibiotics remains
undetermined unless there are individual indica-
tions (eg, chronic folliculitis in bearded areas or
the need for antiviral prophylaxis if there is a
pervious history of herpes simplex infection or
patients being at risk for infection). Experience
has shown that another possible adverse effect
is transient postinflammatory hyperpigmentation,
particularly in patients with darker or Asian skin
types.
Ablative fractional lasers are very powerful ma-

chines, which can achieve great effects, but it
can also cause damage if used incorrectly. As light
is transformed into heat, choosing incorrect set-
tings can result in an iatrogenic burn injury, which
might result in worse scarring. Scar treatment with
ablative fractional lasers should be left in the
hands of a specialist, in particular with experience
of the nature of burn scars and energy-based light
devices.

Postoperative considerations
Immediately after ablative treatments, petro-
latum or a petrolatum-based ointment is applied
and continued several times daily until the site is
fully epithelialized, usually within 2 to 3 days. A
bland moisturizer may be used after epithelializa-
tion for up to 1 week. Patients may resume
showering the following day and begin gentle
daily cleansing of the area. Dilute vinegar com-
presses may be initiated according to the prefer-
ence of the treating physician. Patients are
allowed to resume essentially normal activity
after treatment. Photoprotection should be
advocated, including avoidance in the early



Fig. 6. (A) A 44-year-old Caucasian woman with Fitzpatrick skin type 2, 6 months following a 22% TBSA flame
burn injury with erythematous, pruritic, and painful hypertrophic scars. (B) Same patient 1 year later following
4 treatment cycles with fractional ablative CO2 laser (Lumenis UltraPulse, Yokneam, Israel). Deep FX with settings
30 mJ, Shape 2, Size 10, 10% Density, and 300-Hz plus laser-facilitated delivery of Kenacort A40. As also visible
here is a substantial change in the altered vascularization. AFR can change vascularization, namely by increasing
vascularization in mature scars and decreasing it in immature scars, hence accelerating and positively influencing
scar maturation status.
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posttreatment period, and application of bland
sunblocks once epithelial integrity is restored.
Nonablative treatments proceed in a similar
fashion, but bland emollients and sunblock may
be initiated immediately because the epithelium
essentially remains intact. Compression gar-
ments can usually be worn again once small
wounds are closed within usually 48 to 72 hours
after laser treatment.
Fig. 7. (A) A 34-year-old African American man with Fitzp
car accident in which the car caught on fire. This an atroph
ment while the patient was in the intensive care unit. (B)
laser treatments (Lumenis UltraPulse, Deep FX, Yokneam,
Density, and 200 Hz. Last, the patient received treatment
UltraPulse, Active FX, Yokneam, Israel) with settings of 10
Laser-facilitated drug delivery
Intralesional injection of antimitotic drugs, such as
corticosteroids and 5-fluorouracil, has been
standard practice for the treatment of small
hypertrophic burn scars.40,41 Conventionally, cor-
ticosteroids and 5-fluorouracil are injected intrale-
sionally with a fine needle; however, injected into
the dense structure of the scar, it can result in an
accumulation of the medication. Intralesionally
atrick skin type V with burn and traumatic scar from a
ic, hypopigmented scar left after tracheostomy place-
Same patient after a total of 3 fractional ablative CO2

Israel) with settings of 15 mJ, Shape 1, Size 10, 10%
s with another fractional ablative CO2 laser (Lumenis
0 mJ, Shape 1, Size 10, 5% Density, and 300 Hz.



Fig. 8. (A) A 42-year-old African
American man with Fitzpatrick skin
type V with hyperpigmented, hyper-
trophic burn and trauma scar. The
patient received scars from a car
fire after a car accident. (B) The
same patient after 12 treatments of
nonablative fractional laser (Thulium
1927 nm; Solta Medical, Hayward,
CA, USA) with settings of 20 mJ,
Treatment Level 5, and 4 passes.
Next, the patient received an addi-
tional nonablative fractional laser
(Fraxel 1550 nm; Solta Medical)
with settings of 40 mJ, Treatment
Level 8, and 4 passes. Last, the pa-
tient received fractional ablative Er-
bium:YAG laser (Joule ProFractional,
Sciton, Inc, Palo Alto, CA, USA) with
settings of 200 to 500 mm, 11% Den-
sity, Size 8, and 2 passes.
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injected corticosteroids, for example, can result
in atrophy, white flecks, telangiectasia, and
hypopigmentation: effects the authors aim to
achieve, but in a controlled fashion. In addition,
corticosteroids and 5-fluorouracil are usually only
injected into small hypertrophic scars and not
commonly used over a larger surface area. Thus,
laser-assisted drug delivery of these medications
is a great modality to safely apply and evenly
distribute drugs to various sizes of burn scars.
If used immediately postoperatively, the precise,

uniform columns of tissue vaporization created by
fractional laser treatment helps to facilitate drug
delivery past the epidermal barrier and evenly
distribute drugs in the dermal layer. This concept
enhances the bioavailability of topically applied
drugs, which has been shown in several animal
models,42–44 and the useof laser-assisted infiltration
of corticosteroid in scars reported in some case se-
ries.28,45,46 Inmost burns centers, laser-assistedde-
livery of corticosteroids is part of standard practice.
Therefore, it raises the question if good results are a
consequence of properly delivered and evenly
distributed corticosteroids, or of the laser treatment
itself, which is the subject of future research.
ILLUSTRATIVE CASES

Figs. 6–8 illustrate before and after images of burn
victims treated with fractional resurfacing for their
severe scarring.
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keloids with laser-assisted topical steroid delivery: a

retrospective study of 23 cases. Dermatol Ther

2015;28:74–8.

46. Issa MC, Kassuga LE, Chevrand NS, et al. Topical

delivery of triamcinolone via skin pretreated with

ablative radiofrequency: a new method in hypertro-

phic scar treatment. Int J Dermatol 2013;52(3):

367–70.

http://refhub.elsevier.com/S0094-1298(17)30089-5/sref39
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref39
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref40
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref40
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref40
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref40
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref41
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref41
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref41
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref41
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref41
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref42
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref42
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref42
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref43
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref43
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref43
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref43
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref43
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref43
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref44
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref44
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref44
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref44
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref44
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref45
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref45
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref45
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref45
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref46
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref46
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref46
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref46
http://refhub.elsevier.com/S0094-1298(17)30089-5/sref46

	Laser Modulation of Hypertrophic Scars
	Key points
	Lasers in medicine
	Principles of laser application in burn scar management
	Burn Scars Are a Complex Tissue Requiring a Holistic Approach
	Laser Light for Burn Scar Modulation
	Fractional Laser Therapy as a Central Component of Scar Management
	In vitro/in vivo effects
	Preoperative considerations
	Perioperative considerations
	Postoperative considerations
	Laser-facilitated drug delivery


	Illustrative cases
	Acknowledgments
	References


