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1 | INTRODUCTION

Formation of scar is a complex process of wound healing, which
involves four phases in an overlapping pattern. These four phases
include hemostasis, inflammation, granulation, and remodeling of
the damaged tissue.! Scar may appear as hypertrophic scars and
atrophic depending on the amount of collagen formation during the
wound healing process. It affects about 5 to 15% of the general pop-
ulation with a profound psychological and social impact depending
on the amount of distortion.? With the availability of newer and ad-
vanced technique like lasers, the requirement of surgery has been
almost abandoned.

2 | MANAGEMENT

Two types of lasers are available with a different mechanism of ac-
tion. One is ablative, and another is non-ablative type.® Ablative
type is associated with more complications like dyspigmentation
and scarring and prolonged recovery period due to ablation of the
epidermis before reaching the dermis. Fractional and non-ablative
lasers are the comparatively newer ones with fewer side-effect
profiles.* Both these lasers can reach the dermis without creating
significant damage to the epidermis, thereby reducing the risk of
complications and shortening the time of recovery.? Coagulation of
tissue by targeting the chromophore of the dermis and sparing the
epidermis is the main mechanism of action. In contrast to ablative
laser, non-ablative one produces coagulation of tissue rather the

vaporization.

2.1 | Lasers used for hypertrophic scar

Different types of lasers commonly used for hypertrophic scars have
documented efficacy in treating various components of these ab-
normal scars Table 1. Platforms include pulsed dye laser (PDL), frac-
tional carbon dioxide (fCOZ) laser, erbium:yttrium aluminum garnet
(Er-YAG) laser, and intense pulse light. Often, two or more of these
modalities are combined to improve the outcome. Besides, alexan-
drite laser and diode laser are used to destroy problematic hair fol-
licles in the scar tissue that can potentially lead to skin irritation and

TABLE 1 Laser options for surgical scar clearance

Devices Mechanism

Pulsed dye laser

Fractional laser

Intense pulse light
Ultrasound
Er-YAG laser

Low-level laser therapy
metabolism

Target hemoglobin and decrease blood supply

Fractional photothermolysis and collagen remodeling

Decrease blood supply and increase expression of CTGF
Acoustic pressure and hammering effect
Internal wound vertical migration of epithelium

Stimulate cytochrome oxidase and mitochondrial oxidative
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infection. Traditional or nonfractional ablative lasers, including CO,
and argon lasers, which induce nonspecific thermal damage with
significant postoperative pain, prolonged erythema, and high recur-

rence and infection rates, are no longer used.®

2.1.1 | Pulsed dye laser

The PDL of 585-nm and 595-nm wavelength are the two most
widely used PDL types in scar remodeling. PDL reduces the scar
volume and height and improved texture and pliability.” Coagulation
of the microvasculature up to the depth of 1.2 mm in the dermis by
the laser energy is the main mechanism of action.® Photothermolysis
of the neovascularized tissue in the hypertrophic scar leading to a
reduction in inflammation and formation of tissue hypoxia and neo-
collagenesis is the mechanism of the PDL.8 Efficacy of the PDL has
been assessed in different randomized and non-randomized trials
with the use of different settings in the different studies.”°A sys-
tematic review of 10 studies from the Netherlands by Virjman C. et.
al. including 248 patients demonstrated low efficacy of PDL 585 nm,
whereas moderate efficacy was stated with the application of PDL
595 nm regarding the treatment of hypertrophic scar.” A randomized
comparative study from Egypt did not show a significant difference
between the PDL 595 nm and ND: YAG laser regarding improvement

in hypertrophic scar management.*°

2.1.2 | Fractional laser

The fractional laser mainly consists of two types: (1) ablative laser and
(2) non-ablative laser. The working principle of these lasers is mainly
fractional photothermolysis. They create microscopic areas known
as microscopic thermal zone (MTZ) in the wound sparing a certain
amount of dermal and epidermal tissue. These spared normal tissues
lead to rapid repair of laser-induced thermal injury.11 Both ablative
and non-ablative lasers can be used in this technique. Fractional car-
bon dioxide (fCO,) 10 600 nm and erbium: yttrium aluminum gar-
net (Er: YAG) 2940 nm ablative lasers are the primary lasers used
for hypertrophic scars.!? Depth of the MTZs is 250 to 800 microns
with a diameter of 70 to 100 microns. When the fCO, is used for
fractional laser, intracellular water is targeted and vaporized leading

Outcome

Improve scar color, texture and pliability

Improve in appearance and contracture,
improve pain, and pruritus

Improve scar color, texture, and pliability
Adjuvant therapy for traumatic scars
Rapid healing without scaring

Wound healing, pain control, and reduction
in edema
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to coagulation of surrounding extracellular protein.'® Increase in the
ratio of type Il collagen compared to type | collagen was noted in
histology when mature burn scar treated with fractional CO2 laser.'*
Collagenremodeling in the treated scar closely resembles normal skin.
The depth and density of the laser need to be adjusted according to
the thickness of the scar.'? The results are mostly positive with both
ablative and non-ablative fractional laser. Better results are noted in
low to medium fluency in early phases of wound healing.*® In a single-
blinded randomized controlled trial, single use of low to medium flu-
ence non-ablative fractional laser treatment in the early phase of
wound healing showed mild but clinically detectable improvement.
This study indicates treatment with the fractional laser has the po-
tential to optimize scar formation in a full-thickness wound.*®

2.1.3 | Intense pulse light

In this technique, noncoherent light energy is delivered through a
focused and controlled manner across the 515 to 1200 nm spectrum
at a fluency of up to 40 J/cm?2.Xé Previously, it was used for cosmetic
indications like treatment of hyperpigmentation and hair removal.
Different wavelength of IPL is used for different purposes like
755 nm for collagen stimulation, 695 nm for superficial leg vein re-

.16 A specific filter present

moval, and 515 nm for rosacea treatmen
in the handpiece allows the user to select a specific wavelength for
the treatment. The exact mechanism of action is unknown. It can be
used as an alternative option to more expensive therapy like PDL and
fCO, laser. In a study from Turkey, 109 patients with hypertrophic
scar originating from the different source were treated with an av-
erage of eight IPL, and significant improvement in the height, ery-

thema, and hardness was observed in more than 90% of patients.17

2.1.4 | Ultrasound

Ultrasound is a great method of delivery of drugs at the trans-
epidermal area to reduce scar formation and provide another pos-
sibility over conventional injection. The combination therapy of
radiofrequency and ultrasound has proven to be effective for both
hypertrophic and atrophic scar with a satisfactory result.*® It works
either by mechanical (acoustic) pressure or hammering effect: cre-
ated by torques due to extension of the ultrasound wave through
the sonotrode to the distal end. Satisfactory results are obtained for
both hypertrophic and atrophic scars when ultrasound is combined
with micro-plasma radiofrequency without the complications seen

in other methods.

2.1.5 | Low-level laser therapy

Nowadays, low-level laser therapy (aluminum-gallium-arsenide
diode (AlGaAs) 980 nm, red light (Mustang, KLO4), Helium-Neon
630 nm) and blue light LED lasers are used for the treatment of

wounds with a satisfactory result.?® The near-infrared enhanced
light (NIR-LED) acts by stimulating two pathways in the cell cycle.
It stimulates the photo acceptor cytochrome oxidase, resulting in
increased energy metabolism and production. Another mechanism
of action includes stimulation of mitochondrial oxidative metabolism
leading to enhanced cell and tissue repair. The NIR-LED light which is
a newer non-invasive advanced technique is used widely for wound
healing and various other condition like hair regeneration. Another
important action of the low-level laser therapy is pain control and re-
duction in edema directly by enhancing blood circulation to remove
lymphatic fluid and proteins by allowing proper lymphatic draining,20
It also induces neo-collagens by stimulating macrophages and lym-
phocytes. In a randomized controlled trial involving seventeen vol-
unteers, fifteen sessions of LLLT appeared to have a positive effect

on the macroscopic scar's appearance and old scar thickness.??

2.1.6 | ErYAG laser

The variable pulsed Er:YAG laser has been proved to be a useful and
safe measure to treat both atrophic and hypertrophic scar. It uses
both shorter and longer pulse duration ranging from 500 micro sec
to 10 milliseconds. Tissue ablation is affected by shorter pulses,
whereas longer pulses are used to affect coagulation and thermal in-
jury zones.?? Different types of handpieces are used depending on
the length of pulses used. In comparison with the CO, laser, Er:-YAG
laser is a more accurate ablative tool. It emits 2940-nm wavelength
light that corresponds to the 3000-nm absorption peak of water. The
higher absorption coefficient and shorter pulse duration of the Er:YAG
laser resulted in more efficient absorption by water-containing tissue
and decreased thermal diffusion. Less effective hemostasis and in-
creased intraoperative bleeding are also noted in this laser which hin-
ders deep dermal treatment. The amount of collagen retraction is also
less with Er:YAG treatment (1-4%) compared to carbon dioxide laser.
The pulsed Er:YAG laser with a 2-mm handpiece at the setting of 500-
1200 mJ/pulse at 3.5-9 W was used in one study for resurfacing of
various types of scar induced by trauma, burns, or surgery with opti-
mal outcome.?® In another study, it was used with 2-mm handpiece at
the setting of 500 mJ/pulse, and 3.5-4.5 W was used for resurfacing
of pitted facial scars.?* About 50% improvement in the scars noted
after three months of treatment without any significant side effects.
Similar results were seen when 5 Hz pulsed Er:YAG laser with 5-mm
handpiece at a setting of 7.0-7.5 J/cm? with a 10-ms pulse duration
for resurfacing of pitted facial acne scars.?> Mild erythema and post-
inflammatory hyperpigmentation were observed in few cases which
resolved spontaneously. Hence, Er:YAG laser is one of the effective
and safe modalities to treat hypertrophic scars.

3 | CONCLUSION

The PDL, radiofrequency, and ultrasound-assisted therapy can improve
the texture, thickness, and appearance of the surgical scar to reduce the
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need for surgical excision and alleviate the contracture. PDL and IPL,
both the vascular targeted devices, can be used alone or in combina-
tion with fractional laser, whereas fractional laser and radiofrequency
devices can be used solely for the treatment of hypertrophic surgical
scar. Er-YAG is also an effective modality to treat the hypertrophic
scar. In most of the studies, short-term outcomes and improvement in
the appearance of the scar have been studied without considering the
long-term effect. Therefore, further studies like randomized controlled
studies are needed to confirm their efficacy in the long term and opti-
mal treatment protocol specifically when used in combination. A better
understanding will promote the optimal implementation of these thera-
pies in clinical practice for the treatment of hypertrophic scars.
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