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Abstract

Acne scarring is a prevalent dermatological concern, often resulting from delayed or inadequate
treatment of acne vulgaris. These scars can be challenging to manage, frequently leading to patient
dissatisfaction due to suboptimal treatment outcomes. Approximately 90% of acne scars are atrophic,
characterized by a loss of collagen, while the remaining 10% to 20% are hypertrophic or keloidal,
involving excess collagen deposition. Atrophic scars manifest as depressions in the skin due to fibrous
tissue contraction. A variety of therapeutic interventions are available for atrophic acne scars, including
chemical peels, laser resurfacing, radiofrequency treatments, subcision, microneedling, and soft-tissue
augmentation. Microneedling, in particular, offers a balance between efficacy and minimal downtime,
making it a favorable option for patients seeking noticeable improvements with limited recovery
periods.
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Introduction

Acne scars are a common and chronic dermatological issue that impact a sizable percentage
of people all over the world. They are a typical consequence of acne and their effects may be
felt even after the original breakout has subsided. Acne scars are of paramount concern to
both patients and dermatologists because to the substantial physical and psychological
effects they may have on people [,

Acne scars are significant not just because they are common, but also because they may have
long-lasting effects on a person's physical and mental health. Acne scars are unsightly and
may cause discomfort because of the changes they bring to the skin's texture, colour, and
overall appearance. These outward manifestations of a past skin illness have been shown to
negatively affect a person's sense of well-being, confidence, and body image. Fortunately,
there have been several recent advances in therapeutic options to treat acne scarring 12,

Acne scar

Acne, a prevalent skin disease, affects the United States and numerous individuals
worldwide. Over 90% of teenagers have acne, and 12% to 14% of those cases continue into
adulthood, having severe psychological and social repercussions. Pilosebaceous glands are
found in large numbers throughout the body, especially in the face, back, and chest. The
severity of permanent scars resulting from inflammatory acne lesions may vary depending on
how long patients wait to receive treatment (1. Researchers discovered approximately 1% of
the patients developed acne scars

Acne Scar types

1) Atrophic Scars

e lIce pick: Ice pick scars are characterized by their deep yet narrow appearance,
resembling puncture marks as if made by an ice pick, with a diameter of less than 2 mm.
Compared to other forms of scars like rolling or boxcar scars, these scars are challenging
to heal because they pierce deeply into the dermis [,

e Rolling scars: Rolling scars, typically measuring 4 mm or more in diameter, are
characterized by soft, irregular walls that impart a rolling appearance to the skin.
Patients show 73% excellent results, and 20% good improvement. Temporary
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hypopigmentation, brief burning or tingling sensations,
and erythema or oedema following therapy with TCA
peel. As an alternative, other substances like 88%
phenol have demonstrated CROSS method efficacy
comparable to TCA B,

Boxcar scars: Boxcar scars have a distinct U-shaped
look and well-defined borders. They are distinguished
by their broader diameter, which ranges from 1 to 4
mm. In contrast to the more rounded shapes of rolling
scars, boxcar scars have distinct vertical edges that can
reach 0.1 to 0.5 mm into the dermis. Boxcar scars are a
particular kind of acne scar, but practitioners usually
treats them in conjunction with other scar therapies, not
alone (671,

2) Hypertrophic and Keloidal Scars

Hypertrophic scars are caused by an over-abundance of scar
tissue that protrudes above the skin's surface and is
frequently the outcome of an overreaction to wound healing.
Numerous treatment options for hypertrophic scars focus on
various facets of scar development and appearance & 9,

Different therapeutic modalities for atrophic acne scars
Chemical peels

For many people, acne scars are a major cosmetic problem
that negatively affects their self-esteem and general quality
of life. Chemical peels are among the many available
therapeutic methods that show promise, particularly for
macular scarring. However, it is essential to understand that
chemical peeling might not be enough to heal all acne scars,
including rolling and ice-pick scars. Instead, a series of
peeling sessions and supplemental homecare treatments like
alpha hydroxy acids and topical retinoids are frequently
required to get the best results (11,

Components of chemical peels:

a) Glycolic Acid: It has been shown that treating acne
scars with successive sessions of 70% glycolic acid
every two weeks has positive effects 12,

Jessner's Solution: This Dr Max Jessner-created
mixture of lactic acid, salicylic acid, and resorcinol in
95% ethanol provides good superficial exfoliation. The
beta-hydroxy acid salicylic acid eliminates intercellular
lipids, while resorcinol breaks weak keratin hydrogen
bonds to improve the penetration of other treatments [
13]

Pyruvic acid: This alpha-ketoacid is a good peeling
agent for mild acne scars since it has keratolytic,
antibacterial, and sebostatic qualities. During treatment,
desquamation, crusting, and severe stinging or burning
sensations are possible side effects of pyruvic acid peels
(141

Salicylic Acid: It is known for its effectiveness in
treating acne, salicylic acid is also helpful in chemical
peels used to cure acne scars. Salicylic acid is a beta-
hydroxy acid that facilitates the exfoliation of the
epidermis by removing intercellular lipids. With very
minor adverse effects, including erythema and dryness,
acne scars have been successfully treated with multiple

sessions of 30% salicylic acid every three to four weeks
[10, 15]

Trichloroacetic Acid (TCA): These peels are
appropriate for patients with moderate skin flaws or
those looking for subtle skin tone and texture

b)

d)

e)
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improvements because they are often gentle and well-
tolerated. Gentle acids, such as beta hydroxy acids
(BHAS) like salicylic acid or alpha hydroxy acids
(AHAs) like glycolic acid, are commonly used in
superficial peels [10.12],

Needling: Needling causes microbruises in the dermis,
setting off a chain reaction of growth factors that
produce collagen. A histological investigation showed
increased new collagen and elastin fibre production and
skin thickening. The complete impact may not become
noticeable for up to three months, even though
noticeable changes may start to show after roughly six
weeks. Over a year, improvements in skin texture
continue as collagen deposition happens gradually 126171
Although patient outcomes can differ, improvements
are usually seen in every instance. Multiple treatments
may be necessary depending on each patient's unique
collagen reaction, tissue health, and desired results.
Most patients receive three treatments spaced about
four weeks apart. All skin types and colours can benefit
from skin needling, which has a lower risk of post-
inflammatory hyperpigmentation than other procedures,
including laser resurfacing, chemical peels, and
dermabrasion 121,

However, people taking anticoagulant medications,
those with active skin infections, and those injectable
fillers within the last six months should not get skin
needling. Furthermore, skin needling procedures should
be avoided for those who have a personal or family
history of hypertrophic and keloidal scars (8 2,

Laser Resurfacing: Laser treatment has proven to be
an highly effective approach for addressing various
types of acne scars, including rolling and box-car scars,
whether they are deep or superficial in nature. Different
types of lasers, each with its own distinct mechanism of
action and efficacy profile, are employed to target acne
scars. Among these, both ablative and nonablative
lasers play a key role in improving skin texture and
remodeling scar tissue, offering significant therapeutic
benefits for individuals affected by acne scars 2],

Ablative laser, address acne scars by melting, evaporating,
or vaporizing the damaged tissue. The most widely used
ablative lasers for this purpose are the carbon dioxide (CO,)
laser and the Erbium YAG laser. These lasers help tighten
the collagen fibers beneath the skin's surface and stimulate
the production of new collagen. The depth of treatment with
an ablative laser is influenced by factors such as the energy
level emitted and the size of the laser spot used. CO; lasers
are generally less selective in their action but are effective in
promoting healing and the production of matrix proteins like
hyaluronic acid. On the other hand, Erbium lasers are
primarily focused on ablating the scar tissue, providing a
more targeted approach for scar removal [*2,

Clinical research has shown that CO; laser resurfacing
effectively treats face atrophic acne scars, with notable
improvements in many instances. Ablative lasers a greater
risk of adverse events and consequences, including transient
problems like infections and erythema, hyperpigmentation,
and scarring. To reduce these hazards, careful patient
selection is essential. The factors to be considered including
the length of time since the previous acne breakout,
stopping oral isotretinoin, negative history of both herpes
virus infections, and keloids or hypertrophic scarring. After
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treatment, patients with skin types that are more phototype-
matched are more likely to experience hyperpigmentation

[21]

Conversely, nonablative lasers do not eliminate tissue;
instead, they tighten the skin and promote the production of
new collagen, which brings the scar to the surface. NdYAG
and diode lasers are two types of nonablative lasers that are
frequently employed. Some patients prefer these lasers over
ablative ones because they are linked to fewer problems and
adverse effects. On the other hand, ablative laser resurfacing
may yield more remarkable outcomes than nonablative laser
resurfacing [?2,

A more recent kind of laser therapy called fractional
photothermolysis involves minor thermal wounds to cause
controlled thermal damage at particular skin depths. This
approach has demonstrated potential in treating acne scars
and is distinct from conventional chemical peeling and laser
resurfacing procedures. Compared to typical lasers, both
ablative and nonablative, fractional lasers produce patterns
of minor wounds encircled by unharmed tissues, yielding
more modest outcomes but fewer side effects and faster
recovery times 14,

Ablative fractional resurfacing (AFR) fractional lasers
combine the safety and shorter downtime of fractional
photothermolysis with the effectiveness of ablative methods.

AFR therapies provide a safe and efficient means of treating

post acne scarring by establishing a pixilated pattern of

microscopic ablative lesions encircled by healthy tissue.

AFR's adverse effect profile is better than that of traditional

ablative CO2 devices, and the downtime is decreased due to

the fast reepithelization from surrounding intact tissue [,

Healthcare professionals must carefully assess each patient's

needs and concerns and adjust their treatment plan, even

with the advances in laser technology and the efficiency of
laser treatment in treating acne scars. Furthermore, to
guarantee the best possible results and patient satisfaction, it
is essential to properly educate patients about the possible

risks and advantages of laser treatment 24,

e Ablative fractional carbon dioxide laser combined
with autologous platelet-rich plasma: Ablative
fractional carbon dioxide (FCO:) laser therapy has long
been recognized as the gold standard treatment
modality for individuals suffering from moderate to
severe atrophic acne scars, owing to its well-
documented efficacy in promoting dermal remodeling
and scar reduction 2,

Despite its significant clinical benefits, the widespread
adoption of this therapeutic approach remains limited
due to several notable concerns. These include the
potential for adverse effects such as post-inflammatory
hyperpigmentation, prolonged downtime, pain during
and after the procedure, and the risk of infection. As a
result, there is growing interest in identifying adjunctive
treatments that may enhance therapeutic outcomes
while minimizing associated risks. One such promising
adjunct is platelet-rich plasma (PRP), a biologically
active substance derived from autologous blood through
centrifugation. This plasma component is characterized
by a high concentration of platelets and an abundance
of growth factors, including platelet-derived growth
factor (PDGF), transforming growth factor-beta (TGF-
B), and vascular endothelial growth factor (VEGF).
These bioactive molecules play a crucial role in
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modulating the wound healing cascade by stimulating
fibroblast  activity, collagen  synthesis, tissue
regeneration, and neovascularization [61,

In recent years, two systematic reviews have attempted
to assess the efficacy of combining PRP with ablative
FCO: laser therapy in the treatment of acne scars.
While these reviews provided preliminary support for
the synergistic effects of this combined approach, their
conclusions were constrained by methodological
limitations. Specifically, the included studies exhibited
relatively small sample sizes, as well as substantial
statistical heterogeneity arising from variations in study
design, PRP preparation techniques, and laser treatment
parameters 271,

Comparison of Fractional Micro-Plasma
Radiofrequency and Fractional Microneedle
Radiofrequency: Two innovative localized energy-
based devices—fractional micro-plasma radiofrequency
(RF) and fractional microneedle RF—have recently
received approval for their use in the management of
acne scars. Both modalities have been shown in clinical
studies to be effective and well-tolerated, offering
promising therapeutic outcomes for individuals with
atrophic acne scarring. Fractional micro-plasma RF
utilizes radiofrequency energy in combination with a
flow of nitrogen gas to generate controlled micro-
plasma sparks. These sparks induce superficial thermal
micro-ablation within the epidermis and upper dermal
layers, thereby promoting tissue regeneration and the
remodeling of dermal fibroblasts through localized
thermal injury [281,

On the other hand, fractional microneedle RF represents
a minimally invasive intervention in which RF energy
is delivered directly into the skin via an array of
microneedles. This approach targets both the epidermal
and dermal layers, creating discrete zones of thermal
injury confined within the dermis. The resulting
microthermal zones stimulate long-term  dermal
remodeling through the processes of neocollagenesis
(the formation of new collagen) and neoelastogenesis
(the formation of new elastin fibers), ultimately
contributing to an improved skin texture and scar
appearance [?8],

Although a growing body of literature supports the
clinical efficacy of both fractional micro-plasma RF and
fractional microneedle RF in improving atrophic acne
scars, there remains a notable gap in comparative
evidence. Specifically, no direct head-to-head studies
have been conducted to evaluate the relative safety
profiles and therapeutic effectiveness of these two
distinct modalities. Consequently, the objective of the
present investigation was to conduct a randomized,
split-face clinical trial to systematically compare the
outcomes of fractional micro-plasma RF and fractional
microneedle RF treatments in patients presenting with
atrophic acne scars 1281,

Punch Techniques: Atrophic scarring is the most
prevalent form of post-acne scarring, typically resulting
from the degradation of collagen and subcutaneous
tissue during the healing process. Treatment modalities
for these scars have become increasingly refined, with
punch replacement techniques—such as punch excision
and elevation—offering precise scar removal and
improved cosmetic outcomes. These procedures are
often complemented by autologous (e.g., fat grafting or
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platelet-rich plasma) or non-autologous (e.g., dermal
fillers) tissue augmentation to restore volume loss and
enhance skin texture. The laser punch-out method,
which integrates punch excision with laser resurfacing,
can be applied using either the shoulder technique or an
even-depth resurfacing approach, depending on scar
morphology. However, for deeper atrophic scars, the
laser punch-out technique has demonstrated superior
effectiveness compared to even-depth resurfacing alone
(Faghihi et al., 2015). Furthermore, combining laser
skin resurfacing with punch excision has been shown to
produce significant clinical improvements in facial acne
scars by merging targeted physical removal of

individual scars with laser-induced dermal remodeling
[29, 30]

Dermal Grafting: Various surgical techniques are
available for the management of acne scars, including
dermabrasion, simple scar excision, punch elevation,
and punch grafting. Among these, facelifting,
excisional procedures, and dermal punch grafting are
considered both effective and widely accessible
options. The choice of technique is typically guided by
the classification of the scar type as well as the
individual preferences of the patient. Full-thickness or
split-thickness skin grafts can be successfully applied to
a prepared dermal or scar tissue bed following the
removal of the epidermis. This approach has proven
effective not only in treating scars caused by radiation
or chronic leg ulcers but also in addressing aesthetic
concerns such as tattoos, pigmented giant nevi, and
acne-related scarring. Dermal graft materials used in
this context are generally well-tolerated, easy to handle,
and offer a reliable and efficient solution for scar
camouflage and tissue restoration [ 32,

Tissue Augmenting Agents; Fat is easily accessible
and generally associated with minimal adverse effects,
making it a favorable option for scar treatment. The
procedure involves two main stages: graft procurement
and graft placement. During the injection phase, small
bundles of fat are carefully deposited into multiple
tunnels, allowing the graft to establish maximum
contact with the surrounding blood supply. Provided
that no significant scar attachments remain, the contour
of the treated area typically returns to its normal state
after the fat injection 31,

The use of soft tissue fillers for acne scarring presents
an appealing alternative for many practitioners due to
their minimally invasive nature, making them suitable
for use in combination with other treatments such as
microneedling or laser resurfacing 34,

Calcium  hydroxyapatite: ~ Currently,  calcium
hydroxylapatite (CaHA) is FDA-approved for soft-
tissue augmentation, particularly around the nose and
mouth, as well as for use in craniofacial surgeries.
CaHA gained significant attention during the time when
dermal fillers were used to address facial lipoatrophy
induced by antiretroviral therapy. While generally well-
tolerated, it is important to note that CaHA has been
associated with the formation of persistent nodules in a
small percentage of individuals, particularly when
injected into the vermillion border of the lips 1.
Plasma gel in atrophic acne scars: Plasma gel has
shown significant improvements in the appearance of
acne scars after just a single session, providing a fast
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and effective treatment option for many patients. When
combined with derma-roller therapy, the application of
plasma gel further enhanced the treatment results,
resulting in more noticeable improvements in scar
texture and overall appearancel®®. A study conducted to
compare the effectiveness of platelet-rich plasma (PRP)
in its "fluid" and "gel" forms, when paired with
fractional CO2 laser therapy, included 27 patients who
were experiencing atrophic acne scars. In this study, the
fractional CO2 laser treatment was applied in
combination with either plasma fluid or gel, with each
being randomly assigned to the right or left side of the
participants' faces. Clinical evaluations, along with
Optical Coherence Tomography (OCT) scans, were
performed at baseline, one month, and three months
after the final treatment session to assess the outcomes
of these combined therapies 71,
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